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were administered oral chemotherapy with drugs such as
oral 5-fluorouracil, 5'-doxifluridine, carmofur, or uracil-
tegafur with leucovorin, as the most commonly used
drugs, for approximately 6 to 12 months.1%!

We conducted a review of the hospital records to ob-
tain clinicopathological information about the patients,
including the sex and age (median, 58 years), lesion loca-
tion, macroscopic configuration of the tumor, maximum
tumor size (median size, 5cm), greatest depth of invasion
of the tumor (pT1 + pT2 vs pT3 + pT4), histological type
of the tumor, presence/absence of lymphatic invasion and
venous invasion, and the number of metastasis-positive
lymph nodes. Adenocarcinomas of the rectum are graded
predominantly on the basis of their glandular appearance
and are classified as well or moderately differentiated or
others, according to the World Health Organization his-
topathological classification of tumors of the colon and
rectum, and the Japanese Classification of Colorectal
Carcinoma.

Rectal cancer is defined as a tumor whose lowest
border is located between the anal verge and the sacral
promontory. Lesions are classified as upper or lower rec-
tal cancers depending on their location with respect to the
peritoneal reflection. The tumors are classified into 2 types
on the basis of their macroscopic appearance: mass type or
diffuse type. The mass type includes the superficial, pol-
ypoid, and ulcerated types of tumors with a clear margin,
and the diffuse type includes the ulcerated type with in-
filtration, diffuse infiltrating, and unclassified types. The
number of positive lymph nodes was categorized as less
than 3 or more than 4.

All data are expressed as the mean * SD. The Fisher
exact probability text, univariate logistic regression, and
multivariate stepwise logistic regression analysis were sub-
sequently performed to identify factors that might influ-
ence ECl-positive lymph node metastasis. The log-rank
test was used to evaluate the differences in the overall
survival rate and the disease-free survival rate between
groups. Statistical significance was set at p < 0.05.

RESULTS

Table 1 shows the relationship between the ECI status and
clinicopathological findings. No significant differences
were observed in relation to the sex, age, tumor location,
tumor macroscopic configuration, tumor size, greatest
depth of tumor invasion, tumor histological type, pres-
ence/absence of lymphatic or venous invasion, or the
number of positive lymph nodes in pN3 rectal cancer.
Table 2 shows the results of the univariate analysis
performed to identify factors that might be correlated
with the disease-free survival rate. Although no significant
differences in the disease-free survival rate were observed
in relation to the age, tumor location, tumor macroscopic
configuration, tumor size, greatest depth of tumor inva-
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TABLE 1. The relationship between the ECl status and

clinicopathological findings

pN3-ECi positive  pN3-ECI negative
(n=19) (n=33) p

Sex
Male 11(57.9) 18(54.5) 0.523
Female 8(42.1) 15(45.5)

Age
<58 9(47.4) 16(48.5) 0.584
=58 10(52.6) 17(51.5)

Location
Upper rectum 2(10.5) 6(18.2) 0.378
Lower rectum 17(89.5) 27(81.8)

Macroscopic
configuration .
Massive 14(73.7 29(87.9) 0.178
Diffuse 5(26.3 4(12.1)

Tumor size
<5cm 12(63.2) 18(54.5) 0.379
=5cm 7(36.8) 15(45.5)

Greatest depth
invasion
pT1+pT2 4(21.1) 6(18.2) 0.536
pT3+pT4 15(78.9) 27(81.8)

Histological type
W/M 15(78.9) 27(81.8) 0.536
Others 4(21.1) 6(18.2)

Lymphatic invasion
Present 14(73.7) 25(75.8) 0.560
Absent 5(26.3) 8(24.2)

Venous invasion
Present 11(57.9) 21(63.6) 0.452
Absent 8(42.1) 12(36.4)

No. of positive LNs
<3 6(31.6) 14(42.4) 0.318
24 13(68.4) 19(57.6)

Values shown are n (%).
W/M = well and moderately differentiated adenocarcinoma; LNs = lymph nodes;
ECl = extracapsular invasion.

sion, tumor histological type, presence/absence of lym-
phatic or venous invasion, or the number of positive
lymph nodes in pN3 rectal cancer, the rate differed sig-
nificantly depending on the sex and pN3-ECI status. Male
patients, in comparison with female patients, and pN3-
ECI-positive patients, in comparison with the pN3-ECl-
negative patients, showed significantly poorer prognoses
in terms of the disease-free survival rates (p = 0.024 and
p=0.003).

Table 3 shows the results of univariate analysis per-
formed to identify factors that might be correlated with
the overall survival rate. Although no significant differ-
ences in the overall survival rate were observed in relation
to the age, tumor location, tumor macroscopic configura-
tion, greatest depth of tumor invasion, tumor histological
type, presence/absence of lymphatic or venous invasion, or
the number of positive lymph nodes, the rate differed sig-
nificantly depending on the sex, tumor size, and pN3-ECI
status. Male patients, patients with a tumor diameter of
greater than 5cm, and pN3-ECl-positive patients showed
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TABLE 2. Univariate analysis of the disease-free survival rates in
pN3 cases cases
n (%) p n (%) p

Sex Sex
Male 29(55.8) 0.024 Male 29(55.8) 0.021
Female 23(44.2) Female 23(44.2)

Age Age
<58 25(47.4) 0.686 <58 25(47 .4) 0.185
258 27(52.6) 258 27(52.6)

Location Location
Upper rectum 8(15.4) 0.139 Upper rectum 8(15.4) 0.265
Lower rectum 44(84.6) Lower rectum 44(84.6)

Macroscopic configuration Macroscopic configuration
Massive 43(82.7) 0.574 Massive 43(82.7) 0.934
Diffuse 9(17.3) Diffuse 9(17.3)

Tumor size Tumor size
<5cm 30(80.8) 0.253 <5cm 30(80.8) 0.047
Z5cm 22(19.2) >5cm 22(19.2)

Greatest depth invasion Greatest depth invasion
pT1+pT2 10(19.2) 0.309 pT1+pT2 10(19.2) 0.243
pT3+pT4 42(80.8) pT3+pT4 42(80.8)

Histological type Histological type
W/M 42(80.8) 0.219 W/M 42(80.8) 0.272
Others 10(19.2) Others 10(19.2)

Lymphatic invasion Lymphatic invasion
Present 39(75.0) 0.180 Present 39(75.0) 0.589
Absent 13(25.0) Absent 13(25.0)

Venous invasion Venous invasion
Present 32(61.5) 0.378 Present 32(61.5) 0.765
Absent 20(38.5) Absent 20(38.5)

No. of positive LNs No. of positive LNs
<3 20(38.5) 0.072 <3 20(38.5) 0.129
24 32(61.5) 24 32(61.5)

pN3-EC! pN3-ECI
Positive 19(36.5) 0.003 Positive 19(36.5) 0.008
Negative 33(63.5) Negative 33(63.5)

W/M = well and moderately differentiated adenocarcinoma; LNs = lymph nodes;
ECI = extracapsular invasion.

significantly poorer prognoses in terms of the overall sur-
vival rate in comparison with the female patients, patients
with a tumor diameter of less than 5cm, and pN3-ECI-
negative patients (p = 0.024, p = 0.047, and p = 0.008).

Table 4 shows the results of multivariate analysis
performedtoidentifyvariablesthatmightbeindependently
correlated with the overall and disease-free survival rates.
pN3-ECI was identified as the only variable found to show
a statistically significant correlation with the disease-free
survival rate (p = 0.011), whereas none of the examined
factors were statistically significantly correlated with the
overall survival rate.

Figure 2 shows the disease-free survival rates in the
patients enrolled in the study. No significant differences
in the disease-free survival rate were observed among the
pN2a, pN2b, and pN3 cases overall (left side). However,
when the pN3 patients were stratified further according
to the presence/absence of ECI in the main/lateral groups
of lymph nodes, ie, pN3-ECI-positive/pN3-ECI-negative,
the disease-free survival rate was statistically significantly

W/M = well and moderately differentiated adenocarcinoma; LNs = lymph nodes;
ECl = extracapsular invasion.

lower in the pN3-ECI-positive cases in comparison with
that in the pN2b cases (p = 0.034). The disease-free sur-
vival rate also differed significantly between the pN3-ECI-
positive and pN3-ECI-negative cases (p = 0.003).

Figure 3 shows the overall survival rates in the pa-
tients enrolled in this study. No significant differences in
the overall survival rate were observed among the pN2a,
pN2b, and pN3 cases overall (left side). However, when the

TABLE 4. Multivariate analysis of the overall survival rates and

disease-free survival rates

HR 95% Cl p

Disease-free survival rates ,

Sex 0.509 0.244-1.0063 0.072

pN3-ECI 0411 0.206-0.816 0.011
Overall survival rates

Sex 0.481 0.229-1.009 0.053

Tumor size 0.756 0.518-1.103 0.147

pN3-ECI 0.503 0.244-1.037 0.603

ECI = extracapsular invasion.
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FIGURE 2. Disease-free survival rates in the enrolled patients. Left, pN2a, pN2b, and pN3 cases. Right, pN2a, pN2b, pN3-ECI-positive, and pN3-

ECl-negative cases. ECl = extracapsular invasion.

pN3 patients were stratified further according to the pres-
ence/absence of ECI in the main/lateral groups of lymph
nodes, ie, pN3-ECI-positive/pN3-ECl-negative, the over-
all survival rate was lower in the pN3-ECI-positive cases
in comparison with that in the pN2b cases (p = 0.077).
The overall survival rate also differed significantly be-
tween the pN3-ECI-positive and pN3-ECI-negative cases
(p=0.008).

DISCUSSION

Patients with TNM stage III colorectal cancer constitute a
heterogeneous population with respect to the prognosis,
with some showing a better prognosis than others. The
patients have been divided into pN1, pN2, and pN3 cases
according to the Japanese Classification of Colorectal Car-
cinoma, Second English Edition; pN1 cases have a more
favorable prognosis than the pN2 or pN3 cases. In the
present study, we demonstrated the absence of any signifi-
cant differences in the overall or disease-free survival rates
between the pN2 and pN3 cases.

Several previous studies have reported the presence of
ECI in the metastatic lymph nodes as a poor prognostic
factor in a variety of cancers.*” It is significant that Fujii
et al'? reported that the presence of ECl in the metastatic
lymph nodes may be a useful marker to identify patients
with colorectal cancer who are at a high risk for disease
recurrence in the short term. Furthermore, they reported
that the presence of ECl in the N1 metastatic lymph nodes
may be a marker of metastasis in more distant regional
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lymph node groups (N2) in patients with colorectal cancer,
because it possibly represents the ability of the colorectal
tumor cells to disseminate to distant lymph nodes,” but
no relationship was noted with the presence/absence of
metastasis in the N3 lymph nodes. However, there have
been no studies on the significance of the presence/absence
of ECI in relation to the lymph node group involved. This
study is the first to determine the prognostic significance
of the presence/absence of ECI in the main/lateral lymph
nodes in pN3 patients. We demonstrated that pN3-
ECI positivity was the only factor that was statistically
significantly associated with the disease-free survival
rate. Yano et al® also reported that the presence of ECI in
the metastatic lymph nodes was the only factor that was
statistically significantly associated with the disease-free
survival; however, their report did not refer to the location
of the metastatic lymph nodes showing ECI. Heide et al’
reported that the presence of ECI in the metastatic lymph
nodes had a strong negative impact on the local control
rate, independent of other prognostic factors, and that
it was also associated with a high frequency of distant
metastasis.

Two critically important implications of this study
need to be emphasized here. First, stratification of pN3
cases based on the ECI status is useful. Patients without
ECI in the main metastatic lymph nodes, ie, pN3-ECI-
negative cases were analogous, in terms of the progno-
sis, to pN2 cases, whereas the prognosis was significantly
poorer in the pN3-ECI-positive cases. Second, while deter-
mining the lymph node metastasis status for staging, de-
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FIGURE 3. Overall survival rates in the enrolled patients. Left, pN2a, pN2b, and pN3 cases. Right, pN2a, pN2b, pN3-ECl-positive, and pN3-ECI-

negative cases. ECl = extracapsular invasion.

termination of not only the number of metastatic lymph
nodes, but also that of the lymph node groups involved
has a crucial role in predicting the prognosis. Kanemitsu et
al'* reported that high ligation of the inferior mesenteric
artery allows curative resection and long-term survival in
patients with sigmoid colon or rectal cancer and empha-
sized that complete resection of the main lymph nodes
was important. Especially, although pN3-ECI-positive was
dominated in the systemic recurrence, the presence of ECI
in the metastatic lymph nodes was a predictor of potential
systemic involvement.

Assessment of the ECI status in the metastatic lymph
nodes can be easily performed by routine staining, ie, H &
E staining of tissue sections, without any need for the use
of immunostaining techniques. Yano et al® also reported
that the presence of ECI in the metastatic lymph nodes
determined by routine H & E staining is a potent prognostic
factor in patients with stage 1II colorectal cancer. In this
study, ECI was defined as invasion of the perinodal fat
or extranodal location of the tumor cells continuously,
hence, not discontinuously. In Japan, most surgeons
commonly separate the lymph nodes from the resected
specimens before presenting them to the pathologists.
Consequently, it is difficult to retrieve discontinuous
tumor cells. If the resected specimens were submitted
intact to the pathologists, discontinuous tumor cells could
also be examined, as in the case of the extranodal cancer
deposits reported by Ueno et al.” However, this is not easy
and not very common in practical clinical use. -
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CONCLUSION

Detailed stratification of pN3 cases based on the presence/
absence of ECI has the potential to contribute significantly
to more available prediction of the prognosis of patients
with stage I11 colorectal cancer.
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Tumor Necrosis in Patients with TNM Stage 1V
Colorectal Cancer without Residual Disease
(RO Status) Is Associated with a Poor Prognosis
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Abstract. Aim: To examine the usefulness of the
histopathological finding of tumor necrosis for stratifying
TNM stage 1V colorectal cancer in RO status. Patients and
Methods: We enrolled 98 patients with stage IV colorectal
cancer, without residual disease after resection. The extent
of necrosis was assessed using published thresholds, the
extent was graded as “absent”, “moderate” (<30% of tumor
area), or “severe” (230%) in each section. Results: [n
multivariate analysis, the only significant difference in the
disease-free survival rate was related to tumor necrosis
(p=0.01) and the significant differences in the overall
survival rates were related to the maximum tumor size and
the degree of tumor necrosis (p=0.02 and p=0.001,
respectively). Conclusion: Tumor necrosis is associated with
a poor prognosis in colorectal cancer and may allow the
stratification of TNM stage IV patients without residual
disease after surgery.

The use of specific histopathological findings, for example
“tumor budding”, in resected specimens to predict poor
prognosis in colorectal cancer has been assessed in a number
of studies (1, 2). In recent years, tumor necrosis has become
recognized as a potential prognostic marker for a variety of
solid tumor types, including those of the breast (3), lung (4).,
pancreas (5), kidney (6), and upper urinary tract (7, 8), as
well as for soft tissue sarcomas (9). Non-clinical studies have
shown that tumor necrosis is correlated with local and
systemic inflammation especially the one caused by IL-6,
apoptosis, and microsatellite instability (10, 11). More
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recently, there have been a number of clinical studies on
tumor necrosis in colorectal cancer (12, 13). However,
previous reports have included only patients with TNM stage
II or Il colorectal cancer (12, 13). Here, we report the
findings of the first study, to our knowledge, on tumor
necrosis in TNM stage IV colorectal cancer.

Patients and Methods

We enrolled 98 patients who underwent resection for stage 1V
colorectal cancer without any residual cancer being detected at the
end of surgery. This study took place at the Department of
Gastroenterological Surgery, Aichi Cancer Center Hospital, Nagoya,
Japan, between January 1980 and December 2006. None of the
patients had received chemotherapy or radiation therapy prior to
surgery. Complete dissection of all the regional lymph nodes was
performed in all cases.

In cases where liver and/or lung metastases were present, the
metastatic lesion was removed non-concurrently, usually between
two and three months after the primary tumor had been removed.
In cases of metachronous liver metastasis, it is generally accepted
at our Institution, that delaying resection allows for a more accurate
assessment of the number and location of hepatic metastases, which
in turn is of benefit in determining which patients should undergo
surgery. and in selecting the most appropriate surgical procedure
(14, 15). In cases of resectable peritoneal and distant lymph node
metastases, the primary tumor was removed synchronously with the
metastatic lesion.

The resected specimens were fixed with 10% formalin for several
days. and the tumor-containing tissue samples were sliced into 4-pm
sections in the region with the deepest tumor invasion.
Histopathological diagnoses were established on the basis of
hematoxylin and eosin staining at low magnification (x40) using
standard procedures without specific immunostaining.

The extent of necrosis was assessed semi-quantitatively and, by
using published thresholds, this extent was graded as “absent”
(none), “moderate” (<30% of tumor area), or “severe” (>30% of
tumor area) in each section before an assessment was made of the
overall extent of necrosis (Figures 1 and 2).

We reviewed the hospital records to obtain clinicopathological
information regarding the patients, including their gender and age
(median, 61 years), lesion location, maximum tumor size (median, 5
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cm), greatest depth of invasion of the tumor (pT1+pT2+pT3 vs. pT4),
histological type of tumor, presence/absence of lymphatic and venous
invasion, the number of metastasis-positive lymph nodes, and use of
adjuvant chemotherapy, with regimens including oral 5-fluorouracil,
5'-doxifluridine, carmofur or uracil-tegafur with leucovorin, as the
most commonly used drugs, for about 6 to 12 months (16-18).
Adenocarcinoma of the rectum was graded predominantly on the
basis of glandular appearance, and classified as well/moderately
differentiated or “‘other”, according to the WHO histopathological
classification of tumors of the colon and rectum (19) and the Japanese
Classification of Colorectal Carcinoma (20). Lesions were classified
according to whether they were located in the colon or rectum, with
the latter defined as a tumor whose lowest border was located
between the anal verge and the sacral promontory.

All data are expressed as the mean+SD. Statistical analysis was
performed using the Chi-square independence test. Multivariate
stepwise logistic regression analysis was subsequently performed to
identify factors that might have influenced the outcome. The log-
rank test was used to evaluate differences in the overall survival
rates and disease-free survival rates. Statistical significance was set
at p<0.05 and confidence intervals (Cls) were determined at the
95% level.

Results

The data presented in Table I show that no significant
difference in the extent of necrosis was observed with respect
to gender, average patient age, histological type, maximum
tumor size, and lymphatic or venous invasion. There was a
significant difference with respect to tumor location, with
tumors in the moderate group mainly being located in the
rectum, and absent group tumors mainly being located in the
colon (p=0.009). In an analysis of the greatest invasion
depth, moderate group tumors were mainly scored
pT1+pT2+pT3, whereas severe group tumors were mainly
scored pT4 (p=0.041).

There were no significant differences with respect to the
presence of synchronous hepatic metastasis, synchronous
peritoneal metastasis, metastasis in distant lymph nodes, or
adjuvant chemotherapy between the groups (Table II). There
were, however, significant differences between absent and
moderate groups with respect to metastasis to regional lymph
nodes (p=0.012), being more frequent in the latter, and
between moderate and severe groups for synchronous
pulmonary metastasis (p=0.025), again being more frequent
in the latter.

Table III shows the results of univariate and multivariate
analysis performed to identify factors that might be
correlated with the disease-free survival rate. In univariate
analysis, no significant differences in the disease-free
survival rate were observed in relation to gender, age, cancer
location, greatest depth of tumor invasion, presence/absence
of lymphatic or venous invasion, synchronous hepatic
metastasis, synchronous pulmonary metastasis, synchronous
peritoneal metastasis, metastasis to distant lymph nodes, or
adjuvant chemotherapy. However, the rates differed
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significantly in relation to the histological type, maximum
tumor size, metastasis to regional lymph nodes, and tumor
necrosis statas (p=0.039, p=0.047, p=0.031, and p=0.016,
respectively). In multivariate analysis, the only significant
difference in the disease-free survival rate were observed
with respect to tumor necrosis status (p=0.011).

Table 1V shows the results of univariate and multivariate
analyses performed to identify factors that might be
correlated with the overall survival rates. In univariate
analysis, no significant differences in the overall survival
rates were observed in relation to gender, age, cancer
location, greatest depth of tumor invasion, presence/absence
of lymphatic or venous invasion, metastasis in distant lymph
nodes, or adjuvant chemotherapy. However, the rates differed
significantly in relation to the histological type, maximum
tumor size, metastasis in regional lymph nodes, synchronous
hepatic metastasis, synchronous pulmonary metastasis,
synchronous peritoneal metastasis, adjuvant chemotherapy,
and tumor necrosis status (p=0.017, =0.033, <0.0001,
=0.009, =0.028, =0.040, and <0.0001, respectively). In
multivariate analysis, significant differences in the overall
survival rates were observed in the maximum tumor size and
tumor necrosis status (p=0.019 and =0.001).

Figure 3 shows the disease-free and overall survival rates
after surgery, of patients who were found not to have residual
cancer. Significant differences in the disease-free survival
rates were observed between the moderate group and the
severe group (p=0.023), and in the overall survival rates
between the absent group and the moderate group (p=0.005),
as well as the moderate group and the severe group
(p=0.023) with survival being poorer in the latter.

Discussion

The present study confirmed that the presence of tumor
necrosis, as part of the pathological findings of resected
tumor specimens, is a potential stage-independent prognostic
factor in TNM stage IV colorectal cancer without residual
cancer after resection and might help in determining whether
a follow-up with high-potency adjuvant therapy is warranted.

However, this study had two potential problems that need to
be considered. One is that tumor necrosis was measured using
a semi-quantitative technique; however, it is very difficult to
estimate necrosis quantitatively, and all previous reports have
used the same semi-quantitative estimation with the same
classifications (absent, focal, moderate, or extensive) (12, 13).
The second potential difficulty is the lack of subjective cases,
and this, we hope, will be addressed by future prospective trials
where the significance of tumor necrosis status is assessed in
more patients with prognostic information.

In recent years, histopathologically-identified tumor
necrosis has been recognized as a potential prognostic
marker for a variety of solid tumors including those of the
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Figure 1. Moderate necrosis: Nuclear fragmentation is present without any structures consistent with ductal carcinoma. The area of necrotic cells
is <30% of the total tumor area. Originul magnification, x200. :

Figure 2. Nuclear fragmentation is present without any structures consistent with ductal carcinoma. The area of necrotic cells is >30% of the total
tumor area. Original magnification, x200.
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Table [. Clinicopathological fingings.

None Moderate Severe p-Value
(n=15) (n=69) (n=14)
None vs. Moderate  Moderate vs. Severe
Gender
Male 5(33.3%) 39 (56.5%) 10 (71.4%) 0.089 0.223
Female 10 (66.7%) 30 (43.5%) 4 (28.6%)
Age, years
261 6 (40.0%) 37 (53.6%) 9 (64.3%) 0215 0.334
<60 9 (60.0%) 32 (46.4%) 5 (35.7%)
Cancer location
Colon 14 (93.3%) 41 (59.4%) 10 (71.4%) 0.009 0.229
Rectum 1(6.7%) 28 (40.6%) 4 (28.6%)
Histological type
W/M 13 (86.7%) 60 (87.0%) 10 (71.4%) 0.627 0.146
others 2 (133%) 9 (13.0%) 4 (28.6%)
Greatest invasion depth :
pT1+pT2+pT3 7 (46.7%) 45 (65.2%) 5 (35.7%) 0.148 0.041
pT4 8 (53.3%) 24 (42.0%) 9 (64.3%)
Maximum tumor size, cm
<5 5(33.3%) 29 (58.0%) 3(21.4%) 0.375 0.125
=5 10 (66.7%) 40 (42.9%) L1 (78.6%)
Lymphatic invasion
Present 11 (73.3%) 55 (79.7%) 11 (78.6%) 0.405 0.586
Absent 4 (26.7%) 14 (20.3%) 3 (21.4%)
Vascular invasion
Present 10 (66.7%) 47 (68.1%) 11 (78.6%) 0.568 0.333
Absent 5 (33.3%) 22 (31.9%) 3 (21.4%)

W/M: Well- and moderately-differentiated adenocarcinoma.

Table II. Clinicopathological fingings.

None Moderate Severe p-Value
(n=15) (n=69) (n=14)
None vs. Moderate  Moderate vs. Severe
Metastasis in regional lymph nodes
None 1 (6.7%) 13 (18.8%) 2 (14.3%)

=<3
=4

Synchronous hepatic metastasis
Present
Absent

Synchronous pulmonary metastasis
Present
Absent

Synchronous peritoneal metastasis
Present
Absent

Metastasis in distant lymph nodes
Present
Absent

Adjuvant chemotherapy
Present
Absent

11 (73.3%)
3 (20.0%)

9 (53.3%)
6 (46.7%)

2(13.3%)
13 (86.7%)

4 (26.7%)
11 (73.3%)

3 (20.0%)
12 (80.0%)

T (46.7%)
8 (53.3%)

22 (31.9%)
24 (49.3%)

32 (57.19%)
37 (42.9%)

4 (5.8%)
65 (94.2%)

17 (24.6%)
52 (75.4%)

22 (31.9%)
47 (68.1%)

24 (34.8%)
45 (65.2%)

6 (42.9%)
6 (42.9%)

4 (41.7%)
10 (58.3%)

4 (41.7%)
10 (58.3%)

3 (21.4%)
11 (78.6%)

5 (35.7%)
9 (64.3%)

5(35.7%)
9 (64.3%)

0.012

0.290

0.551

0.281

0.723

0.177

0.025

0.550

0.503

0.587
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Figure 3. Disease-free survival (left) and the overall survival (right) rates for the “absent” , “moderate™, and “severe” categories of tumor necrosis.

Table 1. Factors associated with disease-free survival rates.

Table 1V. Factors associated with overall survival rates.

p-Value p-Value
Univariate Multivariate Univariate Multivariate
Gender 0.743 - Gender 0.213 -
Age 0.675 - Age 0.782 -
Cancer location 0.063 - Cancer location 0.244 - -
Histological type 0.039 0.102 Histological type 0.017 0.250
Greatest invasion depth 0.725 - Greatest invasion depth 0.645 -
Maximum tumor size 0.047 0.055 Maximum tumor size 0.033 0.019
Lymphatic invasion 0.269 - Lymiphatic invasion 0.715 -
Vascular invasion 0.566 - Vascular invasion 0.273 ~
Metastasis to regional lymph nodes 0.031 0.256 Metastasis to regional lymph nodes <0.0001 0.127
Synchronous hepatic metastasis 0.754 - Synchronous hepatic metastasis 0.009 0.357
Synchronous pulmonary melastasis 0.118 - Synchronous pulmonary metastasis 0.088 -
Synchronous peritoneal metastasis 0.647 - Synchronous peritoneal metastasis 0.028 0.552
Metastasis to distant lymph nodes 0.131 N Metastasis to distant lymph nodes 0.058 -
Tumor necrosis 0.016 0011 Tumor necrosis <0.0001 0.001
Adjuvant chemotherapy 0.801 ~ Adjuvant chemotherapy 0.040 0.128

breast (3), lung (4), pancreas (5), kidney (6), and upper
urinary tract (7, 8), as well as for soft tissue sarcomas (9).
Studies on tumor necrosis in colorectal cancer are few in
number, but this area has been the focus of much attention
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recently. It has been established that tumor necrosis is the
result of two distinct pathways, one of which is the
conventional route involving apoptosis, whereas the other
results from the stimulation of the inflammatory pathway
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due to rapid tumor growth, resulting in vascular
insufficiency and tissue hypoxia (12). The results of our
study show that the maximum tumor size and tumor
necrosis status were statistically significant factors for
predicting a poor prognosis with regard to overall survival,
indicating the possible importance of the latter pathway. We
also showed that tumor necrosis is a stage-independent
prognostic factor in colorectal cancer, the inference being
that if tumors have outgrown their blood supply, histological
tumor necrosis is consequently a marker of tumor
aggressiveness and poor prognosis.

Another study has made reference to inflammation with
tumor necrosis, in which the presence of tumor necrosis,
itself associated with a weak local inflammatory cell
infiltrate, may represent a trigger for the host to initiate a

systemic inflammatory response and an attenuation of the’

local inflammatory cell infiltrate (12). It has also been
reported that tumor necrosis status is closely associated with
expression of the urokinase-type plasminogen activator (21).
There is also a reported association between inflammatory
infiltration and microsatellite instability (10).

High concentrations of IL-6 in the tumor have also been
shown to be directly associated with increased necrosis,
proliferation, differentiation, and vascular invasion, whereas
circulating concentrations of IL-6 are directly associated
with T-stage, C-reactive protein concentrations, and poor
survival. Thus, IL-6 has emerged as a key mediator in the
relationship between tumor necrosis, local and systemic
inflammatory responses, and outcome in patients with
colorectal cancer (11, 22).

There have been a number of previous reports on the
significance of tumor necrosis in colorectal cancer, but these
have only involved patients with TNM stage 11 or JII disease
(12, 13, 23). To our knowledge, our study gives the first
detailed description of TNM stage IV colorectal cancer in
patients with no apparent residual cancer after surgery, and
who, as a result, generally have a good prognosis (24). We
excluded patients who did have residual disease after surgery

as in these cases, the prognosis is far less certain (25). It is.

also noteworthy that the use of hematoxylin and eosin
staining for the assessment of tumor necrosis status is
straightforward and highly reproducible in terms of
histopathological diagnosis. A poor prognosis predicted on
the basis of the presence of tumor necrosis after surgery
indicates the need for intensive follow-up with high-potency
adjuvant therapy.

The results of our study imply that the extent of tumor
necrosis should be considered during clinical review as a
potential indicator of disease prognosis and, hence, the future
treatment of the patient. Further, large-scale prospective
studies are warranted to confirm these findings and also to
further evaluate whether they can be extended to other
disease grades and possibly other types of cancer.
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Abstract

Background Surgical resection is the most effective treat-
ment for colorectal cancer that has metastasized to the liver.
Similarly, surgical resection improves survival for selected
patients with pulmonary colorectal metastases. However, the
indication for pulmonary metastasectomy is not clear in
patients with both hepatic and pulmonary colorectal metas-
tases. Therefore, we evaluated outcomes after pulmonary
resection of colorectal metastases in patients with or without
a history of curative hepatic metastasectomy.

Methods We retrospectively analyzed 96 patients who
underwent pulmonary metastasectomy from March 1999
to November 2009. Patients were grouped according to
treatment: resection of pulmonary metastases alone (lung
metastasectomy group) or resection of both hepatic and
pulmonary metastases (liver and lung metastasectomy
group). Overall survival (OS) and disease-free survival
(DFS) were evaluated by Kaplan—-Meier analysis. Survival
curves were compared using the log-rank test.

Results The 5-year OS for all patients was 61.3 %, and the
5-year DFS was 26.7 %. Group comparisons showed that the
5-year OS of the lung metastasectomy group was signifi-
cantly better than that of the liver and lung metastasectomy
group (69 vs. 43 %; p = 0.030). However, the 5-year DFS
rates of the lung metastasectomy group (25.8 %) and liver
and lung metastasectomy group (28.0 %) did not differ
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significantly. Recurrence was higher after resection of both
hepatic and pulmonary metastases than after pulmonary
metastases alone (79 vs. 45 %; p = 0.025).

Conclusions Resection of pulmonary colorectal metasta-
ses may increase survival. However, the combination of
liver and lung metastasectomies had a worse prognosis
than pulmonary metastasectomy alone. In selected patients,
combined liver and lung metastasectomy can be beneficial
and result in acceptable DFS.

Introduction

The most frequent sites of distant metastases from colo-
rectal cancer are the liver and lung [1]. After curative
resection for colorectal cancer, hepatic metastases are
detected in 8-30 % of patients [2, 3] and pulmonary
metastases in 10-20 % [4, 5].

Surgical resection is the most effective treatment for
colorectal cancer that has metastasized to the liver. This
treatment is widely accepted and has produced 5-year sur-
vival rates of 25-58 % [6-10]. Lung metastases were pre-
viously thought to be incurable and were treated primarily
with systemic chemotherapy. However, recent studies have
shown that resection of pulmonary metastases from colo-
rectal cancer is beneficial for selected patients, reporting
S-year survival rates of 30-48 % [11-17]. Also, some reports
have suggested that resection of both hepatic and pulmonary
colorectal metastases can increase survival after colorectal
cancer has metastasized to both liver and lungs [18, 19]. In
these patients, the outcome of pulmonary metastasectomy
after previous hepatic resection is unclear. For example, Tke
et al. [20] reported that survival rates did not differ between
patients who underwent sequential hepatic and pulmonary
resections compared with those who underwent pulmonary
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resection alone. In the present study, we evaluated outcomes
after pulmonary resection of colorectal metastases in
patients with or without a history of curative hepatic
metastasectomy.

Materials and methods

Between March 1999 and November 2009, a total of 96
patients underwent pulmonary resection for metastatic
colorectal cancer at the Aichi Cancer Center. These
patients were divided into two groups based on treatment:
resection of pulmonary metastases alone (lung metasta-
sectomy group) or resection of both hepatic and pulmonary
metastases (liver and lung metastasectomy group). Demo-
graphic, perioperative, and survival data were evaluated by
retrospective review.

The selection criteria for resection of hepatic metastases
were (1) control of the primary colorectal cancer; (2) no
extrahepatic metastases except resectable pulmonary
metastases; (3) completely resectable liver lesions diag-
nosed by preoperative imaging; (4) liver function that was
sufficient for resection of all liver lesions. Liver resection
procedures (partial resection, segmentectomy, lobectomy)
were selected with curative intent regardless of tumor size,
number, or location. The selection criteria for resection of
pulmonary metastases were (1) control of the primary
colorectal cancer; (2) no extrathoracic metastases; (3)
completely resectable lung lesions diagnosed by preoper-
ative imaging; (4) respiratory function that was adequate
for resection of all lung lesions. Lung resection procedures
included partial resection for lesions in the peripheral lung
or tumors <3.0 cm in diameter and lobectomy performed
for multiple tumors in the same lobe or tumors >3.0 cm in
diameter. In all, 207 patients did not fulfill the selection
criteria for resection: recurrence at the primary site
(n = 11), extrahepatic or extrathoracic metastases
(n = 85), unresectable liver lesions (n = 81), unresectable
lung lesions (n = 30) . When metastasis to the liver and/or
lung was detected at the time of diagnosis of colorectal
cancer, we resected the primary tumor first and, in the
absence of disease progression, performed the metasta-
sectomy 3 months later [21]. When patients presented with
simultaneous liver and lung metastases, we resected the
hepatic lesion(s) first to rule out extrahepatic abdominal
lesions. Pulmonary resection was performed about 4 weeks
later.

Patient characteristics are shown in Table 1. The pri-
mary tumor originated in the rectum in 39 patients (58 %)
of the lung metastasectomy group and in 16 patients
(55 %) of the liver and lung metastasectomy group.
Regional lymph node metastases from the primary tumor
were identified in 43 patients (64 %) of the lung

€\ Springer

Table 1 Patient characteristics

Characteristic Lung metasta Liver and lung p

sectomy metastasectomy
(n = 69) (n=29)
Median age at 63 (36-84) 60 (46-75)
pulmonary
resection (years)
Sex (M:F) 27:40 17:12 0.12
Location of primary tumor .
Colon 28 13 0.82
Rectum 39 16
Lymph node metastasis of primary tumor
Present 43 19 0.97
Absent 20 9
Disease-free interval 20 17 0.35
(months)
No. of pulmonary metastases
Solitary 37 20 0.26
Mutltiple 30 9
Location of pulmonary metastasis
Unilateral 52 26 0.25
Bilateral 15 3
Maximum size of pulmonary metastasis (cm)
>3 13 8 0.19
<3 54 21
Prethoracotomy CEA level (ng/ml)
>5 21 8 0.81
<5 44 20

CEA carcinoembryonic antigen

metastasectomy group and 19 patients (66 %) of the liver
and lung metastasectomy group. The disease-free interval
(DFI) was calculated as the interval between the day of
primary tumor resection and the day of pulmonary metas-
tasectomy. The median DFI was 20 months in the lung
metastasectomy group and 17 months in the liver and lung
metastasectomy group. Most cases of lung metastasis
exhibited solitary, unilateral tumors <3 c¢m and a pretho-
racotomy carcinoembryonic antigen (CEA) value <5 ng/
ml; these results did not differ significantly between the
two patient groups.

The primary endpoint for this study was overall survival
(OS), defined as the interval from the date of pulmonary
resection to the date of last follow-up or death. The sec-
ondary endpoint was disease-free survival (DFS), defined
as the interval from the date of pulmonary resection to the
date of disease recurrence. OS and DFS were evaluated by
Kaplan—-Meier analysis, and survival curves were com-
pared using the log-rank test. Multivariate analysis was
performed using the Cox proportional hazard regression
model to identify independent survival factors. Statistical
significance was set at p < 0.05.
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Results
Surgical resection procedures and complications

The pulmonary resection procedure was partial resection
for 45 patients (67 %) of the lung metastasectomy group
and 18 patients (62 %) of the liver and lung metastasec-
tomy group. Regarding liver resection procedures, 9
patients (31 %) underwent partial resection and 13 (45 %)
underwent lobectomy (Table 2).

Five patients experienced minor postoperative compli-
cations. One patient in each group had a pulmonary
infection. The complications after liver resection were
abdominal abscess (n = 2) and bile leakage (n = 2). No
patients required laparotomy for complications, and no
deaths occurred during surgery or during the postoperative
period (Table 2).

Adjuvant chemotherapy after pulmonary resection

In all, 21 patients (31 %) of the lung metastasectomy group
and 8 patients (28 %) of the liver and lung metastasectomy
group received postoperative chemotherapy following the
pulmonary resection. Among the patients who received
adjuvant chemotherapy, 15 in the lung metastasectomy
group (15/21, 71 %) received oral chemotherapy such as
UFT and TS-1. Four patients of the liver and lung metas-
tasectomy (4/8, 50 %) group received oxaliplatin-based
chemotherapy.

Overall survival and disease-free survival

The median follow-up after pulmonary resection was
50.8 months. For all patients, the 5-year survival rate was

Table 2 Types of surgical resection and complications

Parameter Lung Liver and lung
metastasectomy metastasectomy
(n = 67) (n =29)
Pulmonary resection
Partial resection 45 18
Segmentectomy 8 2
Lobectomy i 14 9
Hepatic resection
Partial resection 9
Segmentectomy
Lobectomy 13
Complications
Pulmonary infection 1 1
Abdominal abscess 2
Bile leakage 2
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61.3 %. Group comparison revealed a significantly better
S-year survival rate in the lung metastasectomy group than
in the liver and lung metastasectomy group (69 vs. 43 %;
p = 0.030) (Fig. 1). The 5-year DFS rate was 26.7 % for
all patients and did not differ significantly between groups
(lung metastasectomy 25.8 %; liver and lung metastasec-
tomy 28.0 %; p = 0.616) (Fig. 2).

Recurrence after pulmonary metastasectomy

Recurrence after pulmonary metastasectomy is shown in
Table 3. In all, 43 patients (64.2 %) in the lung metasta-
sectomy group experienced tumor recurrence: liver only
(n=2), lung only (n=22), liver + lung (n = 1),
liver + lymph node (n=2), lung+ lymph node
(n = 10), lung + brain or bone (n = 3), other organs
(n = 3). Altogether, 19 patients (65.5 %) in the liver and
lung metastasectomy group experienced tumor recurrence:
liver only (n = 3), lung only (n = 1), liver plus lung
(n = 2), lung plus lymph node (n = 4), liver plus brain or
bone (n = 3), lung plus brain or bone (n = 3), other organs
(n = 3). Most patients in the lung metastasectomy group
who experienced recurrence (24/43, 55 %) had only one
metastatic organ (e.g., remnant lung). In contrast, most
patients in the liver and lung metastasectomy group who
experienced recurrence (15/19, 79 %) had two or more
metastatic organs (e.g., remnant lung, liver, brain, bone,
lymph node) (p = 0.025).

Repeat pulmonary resection

Among patients with remnant lung recurrence, 18 (50 %)
in the lung metastasectomy group and 2 (20 %) in the liver
and lung metastasectomy group underwent repeat resec-
tion. Postoperative morbidity occurred in 10 %. The
complications were wound infection (n=1) and

" -‘“—""—\-—\l Lung metastasectomy: 6%%% (n=67)

0.6

o Liver and lung metastasectomy: 43% (n=29)

Probability of overall survival

P=0.029

T T T T 1 T ¥
0 10 20 30 40 50 60
‘Time afier pulmonary resection (months)

Fig. 1 Overall survival for the two patient groups
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Fig. 2 Disease-free survival for the two patient groups

Table 3 Outcome of recurrence after pulmonary metastasectomy

Recurrence Lung Liver and lung p
parameters metastasectomy — metastasectomy
(n = 67) n=29)

Recurrence rate 43 (64.2 %) 19 (65.5 %)
Recurrence pattern

Liver only 2 3

Lung only 22 1

Liver -+ lung 1 2

Liver + lymph node 2 -

Lung + lymph node 10 4

Liver + brain or bone - - 3

Lung + brain or bone 3

Other 3
Metastatic sites 0.025

One organ 24 4

Two or more organs 19 15

pulmonary infection (n = 1). No postoperative mortality
was observed. Of the 20 patients who underwent repeat
pulmonary resection, overall and disease-free 5-year sur-
vivals were 69.0 and 35.5 %, respectively, afier the second
metastasectomy.

Prognostic factors

Table 4 shows the results of univariate analysis of prog-
nostic factors and survival after pulmonary resection.
Factors associated with prognosis were regional lymph
node metastases from the primary tumor (p = 0.015),
previous liver resection (p = 0.035), DFI (p = 0.030), and
prethoracotomy serum CEA level (p = 0.018). Multivari-
ate analysis revealed that regional lymph node metastases
from the primary tumor (p = 0.016), previous liver

@ Springer

resection (p = 0.008), and DFI (p = 0.017) were inde-
pendent predictors of survival (Table 5).

Discussion

The liver and lung are common sites of colorectal can-
cer metastasis. Although chemotherapy has significantly
improved overall survival [22], chemotherapy alone cannot
cure metastatic colorectal cancer. Surgical resection of meta-
static colorectal cancer is the only curative treatment [23].
Surgical resection of hepatic colorectal metastases has been
shown to be safe, with reported mortality rates of 0-5 % and
morbidity rates of 11-42 % [24-26]. Resection of pulmonary
colorectal metastases provides similar outcomes, with mor-
tality rates of 0—4 % and a morbidity rate of 12.2 % [11, 27,
28]. In the present study, the perioperative mortality rate was
0 %, and morbidity rates after liver and lung resection were 14
and 2 %, respectively. These results were acceptable. All four
complications were minor, and none required reoperation.
Reported rates of overall survival after liver and lung
metastasectomy are shown in Table 6. The 5-year survival
rates after both liver and lung metastasectomy have pre-
viously been reported as ranging from 11 to 50 % [12, 15,
20, 28-35]. Comparisons of patient outcomes after lung
metastasectomy alone with outcomes after both liver and
lung metastasectomies showed that 5-year survival rates
did not differ significantly [12, 15, 20, 29-32]. In -the
present study, the 5-year survival of all patients after pul-
monary resection was 61.3 %, which was higher than that
reported by many previous studies [11-17]. We found that
the 5-year survival rate in the lung metastasectomy group
was significantly better than that of the liver and lung
metastasectomy group (69 vs. 43 %; p = 0.030). Multi-
variate analysis identified three independent prognostic
factors for survival after lung metastasectomy: regional
lymph node metastases from the primary tumor, DFI,
previous liver metastasectomy. Previous studies reported
the following independent prognostic factors after lung
metastasectomy: number of pulmonary metastases [11, 13],.
hilar or mediastinal lymph node metastasis [12, 13, 28],
time when pulmonary metastases were detected [29], pre-
thoracotomy CEA level [36, 37], distribution of pulmonary
metastases [12], liver metastasectomy before thoracotomy
[281. The better prognosis in our study may be because
many of the lung tumors were solitary, unilateral, and
<3 cm. We also excluded patients for whom hilar or
mediastinal lymph node enlargement was detected by
computed tomography. Patients with liver and lung
metastases are thought to have two metastasizing lym-
phatic drainage routes: one through the portal venous
system to the liver and the other through the systemic
venous system to the lung. Thus, malignant cells can
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Table 4 Univariate analysis of prognostic factors for overall survival
after pulmonary metastasectomy

Table 5 Multivariate analysis of prognostic factors after pulmonary
metastasectomy

5-Year P
survival (%)

Prognostic factors No.

Median age at pulmonary resection

>60 57 45.2 0.096
<60 39 71.1

Sex (M/F) 44/52 48.8/74.6 0.191

Location of primary tumor
Colon 41 69.5 0.279
Rectum 55 56.4

Lymph node metastasis of primary tumor
Present 62 50.0 0.015
Absent 29 87.7

Previous liver resection
Yes 29 43.0 0.035
No 67 69.0

Disease-free survival
>6 months 79 67.1 0.030
<6 months 17 35.6

No. of pulmonary metastases
Solitary 57 65.4 0.364
Multiple -39 . 50.9

Location of pulmonary metastasis
Unilateral 78 64.8 0.051
Bilateral 18 44.6

Maximum size of pulmonary metastasis (cm)
>3 21 64.9 0.761
<3 74 60.0

Prethoracotomy CEA level
>5.0 30 414 0.018
<5.0 66 735

Adjuvant chemotherapy after pulmonary resection
Yes 29 73.2 0312
No 67 59.8

spread through both routes in these patients, resulting in a
worse prognosis. Surgical resection of both liver and lung
metastases from colorectal cancer is thought to prolong
survival in highly selected patients. Therefore, prospective
data analysis is needed to establish operative indications.
In this study, the 5-year DFS rate of all patients after
pulmonary metastasectomy was 26.7 %. Group compari-
son showed 5-year DFS rates of 25.8 % in the lung
metastasectomy group and 28.0 % in the liver and
lung metastasectomy group. Recurrence after pulmonary
metastasectomy was ~60 %. The most common site of
recurrence in both groups was the remnant lung, although
the recurrence pattern differed between groups. In patients
who underwent both liver and lung metastasectomy,
tumors were later detected in bone, brain, and adrenal
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Variable Relative risk 95 % CI p
Lymph node metastasis of primary tumor

Present 1

Absent 0.155 0.034-0.708 0.016
Previous liver resection

Present 1

Absent 0.307 0.129-0.732 0.008
Disease-free interval (months)

<6 1

>6 0.344 0.143-0.829 0.017
Prethoracotomy CEA level (ng/ml)

<5.0 t

>5.0 1.864 0.804-4.322 N.S.

CI confidence interval

Table 6 Survival after pulmonary metastasectomy for colorectal

cancer: lung metastasectomy alone versus liver and lung
metastasectomy
Study Year Lung Liver and lung p
metastasectomy metastasectomy
alone 5-year S-year
survival (%) survival (%)
Okumura et al. 1996 45 33 0.009
(28]
Regnard et al. 1998 27 11 NS
[30]
Kobayashi et al. 1999 40 31 0.23
(31]
Nagakura et al. 2001 46 27 0.29
[32]
Ike et al. [20] 2002 73 50 0.57
Saito et al. [12] 2002 41 34 038
lizasa et al. [15] ¥ 2006 44 32 0.39
Koga et al. [29] 2006 24 41 0.26
Brouquet et al. 2011 - 50 -
[33]
Gonzalez et al. 2012 — 39 -
[341
Sakamoto et al. 2012 - 48 -
[35]
Present case 2012 69 43 0.029

gland. There were significantly more metastatic organs in
the liver and lung metastasectomy group than in the lung
metastasectomy group. After recurrence in the remnant
lung, 18 patients (50 %) of the lung metastasectomy group
and 2 patients (20 %) of the liver and lung metastasectomy
group underwent repeat lung resection. In previous studies,
the 5-year survival rate after repeat lung resection for
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recurrence of colorectal cancer has been reported at
3040 % [11, 15, 29]. The 5-year survival rate for the 20
patients who underwent a second metastasectomy was
69.0 %. This result was favorable when compared with that
of the initial metastasectomies performed in our institution
and was a lot better when compared with previous reports.
We did not perform a second metastasectomy in cases of
bilateral lesions. This is one reason that can explain the
better prognosis. Repeated pulmonary resection may pro-
vide good outcomes in patients who can undergo resection.

Conclusions

Surgical resection for lung metastases alone or for both
liver and lung metastases produced good outcomes. How-
ever, the survival rate after both liver and lung metasta-
sectomies was worse than the survival rate after lung
metastasectomy alone. The number of metastatic organs
was significantly higher after resection of hepatic and
pulmonary metastases than after lung metastasectomy
alone. Thus, the different survival rates may be due to
differential patterns of recurrence after pulmonary resec-
tion. Tumor recurrence after pulmonary metastasectomy is
high. Therefore, multimodality therapy with systemic
chemotherapy may provide a survival benefit.
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(BE) 8 REFORGBBEMIBARCSOVTHERELILMATHY,
FEABEICT T <, BB Y NNEEBHIBRELICSE L FEEX
(330 ~ 50 BEMESNTHY, —EDBEHRIIRF TE SFMF
KTHs. MBFetHICEEL. BIFNIREZREL TRIFE T
WHEZENHBETHY, BFHEICHBET 12D,
(DD CIELOERBEDROOBNS. BEIRIRRZ S ERID 5 DER1E
EMADERNV— D5, TENREERE A - ARSI ES
AMICABDETHET BEDNERTHS.

U2 INTIBBRD DA

Tob L, FHEDRGEHMEZFEER LBkEL 2
SNIARFEIL, BFEROEREBR E VR
ARTIE, FBEOENOBETH 5 HEMRKR
TR »SEEREICOWT, EBOFR EoR
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NEIFEOHESE LTWA, cMPTHERBIZE
DA TH LEBINRE L A0, cMPORIFiERE
139.6 % T, TNEEBHTELVEELEZ BH

77— N EEE TR, RMBETN, EEAT o5

* Techniques of lateral lymph node dissection for rectal cancer : open surgery
** Y. Kanemitsu (3+&), D Shida (EE), S. Tsukamoto : EMBARIZE Y & — P dumhe kg siel ($104-0045 FEER

X g 5-1-1).
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