Surg Today (2013) 43:574-579 577
Table 1 Clinical features, diagnostic examinations, and treatment of patients with postoperative coloseminal vesicle fistula
Author Cause Symptoms Urine Onset Diagnostic Initial treatment ~ Radical
passage examination treatment
Goldman LAR leakage Pneumaturia, bacteriuria No 1 month ‘Water-soluble Cutaneous None
[41 testicular pain, contrast enema vasotomy
Kollmogen APR Urethral discharge, fever, No 10 days Sinography Antibiotics, None
{51 dysuria drainage
Carlin [6] Crohn’s Discharge from perineal No 15 years CT sinography N.S. None
sinus
AR None No 2 months  CT with rectal Drainage APR
contrast enema
Calder [7] Open N.S. N.S. N.S. ‘Water-soluble N.S. N.S.
prostatectomy contrast enema
Celebrezze  Prostatic Rectal ulcer Yes 2 years N.S. Mucosal flap Diversion
[8] brachytherapy
Prostatic Rectal bleeding Yes 15 months N.S. Mucosal flap Colostomy
brachytherapy
Kawasaki LAR leakage Dysuria No 2 weeks ‘Water-soluble Conservative Colostomy
[91 contrast enema
Our cases  LAR leakage Pneumaturia, testicular pain, No 1 month CT and Urinary catheter ~ None
fever vesiculography
AR Prneumaturia, testicular pain, No 2 weeks CT and contrast Urinary catheter, Colostomy
scrotal swelling enema antibiotics
LAR leakage Fecaluria, fever, scrotal Yes 1 week CT and vasogram  Urinary catheter, Muscle
swelling antibiotics flap

LAR low anterior resection, AR anterior resection, APR abdominoperineal resection, N.S. not stated

may cause local tissue destruction and the formation of a
fistula if this septum is resected.

The second case showed no evidence of anastomotic
leakage during the postoperative course. Latent anasto-
motic leakage may have been present or the fragile seminal
vesicle wall may have eventually collapsed, allowing
passage between the seminal vesicle and anastomotic site
in the outpatient follow-up period. Accidental catheter
removal may have adversely affected the urinary tract, with
injury of the ejaculatory duct and seminal vesicle causing
fistula to the rectum. However, a seminal vesicle fistula is
rarely observed in cases with accidental removal of a
urethral catheter.

The third case required resection of a huge T4 mass,
including the bilateral seminal vesicles. A Retzius cavity
approach was selected due to the size of the tumor occupying
the pelvic cavity, and the bases of the seminal vesicles were
difficult to identify for ligation. Anastomotic leakage caused
the abscess formed by leakage to increase in size around the
remnant rectumn, and become a seed of inflammation, leading
to a fistula into the unclosed ejaculatory duct.

Rectoseminal vesicle fistula formation in all three cases
appeared to be due to a combination of resection of
Denonvilliers’ fascia or the seminal vesicle itself and
anastomotic leakage.

Many investigators have evaluated the safety of the
double stapled technique and its role in rectal cancer

surgery. They concluded that the double stapling technique
is an equivalent or even superior type of intervention with
respect to speed, sterility and anastomosis safety, while
also associate with fewer complications [11-20]. However,
Kosugi et al. [21] reported that the incidence of rectovag-
inal fistula was higher in patients who were anastomosed
by the double stapled technique or had concomitant
resection of the vaginal wall. The current surgical reports
and postoperative examinations proved no direct relation-
ship between the double stapled technique and fistulae.
However, these reports concerning rectovaginal fistula
[21-23] emphasize that the double stapled technique might
cause rectoseminal vesicle fistula when frustrating distal
anastomosis is carelessly performed.

No diverting stoma was constructed in the first two
cases. The first case recovered conservatively, but the other
was treated with transverse colostomy. The third case
required the construction of a diverting ileostomy, but it
failed. These cases suggest that a diverting stoma cannot
always prevent leakage or the formation of rectoseminal
vesicle fistula. Several studies have shown the absence of a
diverting stoma to be a risk factor for leakage after LAR
[24-29], whereas others did not [30]. Anastomotic failure
and the completion of rectoseminal vesicle fistula are
thought to be influenced by an infectious environment, the
viscosity of the discharge and the rectum-cavity urinary
tract pressure gradient. Whether diverting the fecal stream
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in itself directly prevents fistula formation between the
urinary tract and fragile rectal wall remains to be proven.

The symptoms of fever, pneumaturia, scrotal swelling
and testicular pain were seen in these three cases (Table 1).
Some late-onset cases are described in the literature, as in
the present cases. A fistula therefore needs to be considered
in patients who show fever, pneumaturia, scrotal swelling
or testicular pain, particularly in cases with evidence of
anastomotic leakage in the postoperative period.

These three cases indicate that conservative therapy may
be an option when the patients develop a rectourethral
fistula arising from minor leakage. Antibiotics, urinary
catheterization, and percutaneous drainage are effective in
well-chosen cases. Although unsuccessful in the third
patient, gracilis muscle or abdominal rectus muscle flap
closure may be viable treatment options when a diverting
stoma had been established in the first operation [31]. The
radical diversion of either or both the urinary and fecal
streams may be applicable in cases with apparent urine
passage and extended infection.

Conclusions

Pneumaturia, fever, scrotal swelling and testicular pain are
signs of a rectoseminal vesicle fistula in patients following
anterior resection for rectal cancer. The resection of
Denonvilliers” fascia and anastomotic leakage appear to
represent risk factors for this complication. These symp-
toms may emerge within a few days or several weeks into
the postoperative period. A water-soluble contrast enema
and CT are effective diagnostic examinations which may
lead to appropriate therapeutic options. Local medical or
surgical therapy will do well in some cases. Unsuccessful
fistulae should be treated with urinary or fecal diversion, or
both. Selection criteria for conservative therapy include the
severity of the anastomotic leakage, extent of abscess
formation and passage of urine through the fistula.
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BACKGROUND: Elastic laminal invasion is defined as tumor
invasion beyond the peritoneal elastic lamina. It is one of the
factors affecting the prognosis of patients with colon cancer.

OBJECTIVE: This study aimed to investigate the clinical
impact of elastic laminal invasion in colon cancer and
the magnitude of the worse prognosis of elastic laminal
invasion-positive, node-negative patients.

DESIGN: This was a retrospective cohort study.

SETTINGS: This study reviewed data from a tertiary care
cancer center in Japan.

PATIENTS: The records of 436 patients with pT3 or pT4a
colon cancer who underwent curative resection between
January 1996 and December 2006 were reviewed.

MAIN OUTCOME MEASURES: The primary outcome
measure was recurrence-free survival. Cox regression
analyses established the factors associated with
recurrence-free survival. Six groups formed by combining
the factors were compared.
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RESULTS: Of the patients with pT3 disease, those who
were positive for elastic laminal invasion had a 5-year
recurrence-free survival rate of 73.8% compared with

a rate of 85.0% in those who were negative for elastic
laminal invasion and 53.5% in patients with pT4 disease.
Three unfavorable prognostic factors were identified,
including lymph node metastasis, positive elastic laminal
invasion, and a lack of adjuvant chemotherapy. Log-
rank analysis revealed statistically significant differences
in recurrence-free survival between group 1 (node
negative, elastic laminal invasion negative, and no
adjuvant chemotherapy) and group 3 (node negative,
elastic laminal invasion positive, and no adjuvant
chemotherapy). The HR for group 1 compared with
group 3 was 0.49 (95% CI, 0.27-0.90). Furthermore, the
HRs for group 2 (node positive, elastic laminal invasion
negative, and received adjuvant chemotherapy) and
group 4 (node positive, elastic laminal invasion positive,
and received adjuvant chemotherapy) vs group 3 were
0.77 (95% CI, 0.35-1.69) and 1.36 (95% CI, 0.62-2.98).

LIMITATIONS: Our study has limited prediction accuracy
of our prognostic stratification, and an analysis of small
subgroups may not have been capable of detecting
significant differences. In addition, a wide range of
hematoxylin and eosin- and elastica-stained slides were
examined per case.

CONCLUSIONS: Elastic laminal invasion adversely
influences prognosis in pT3 and pT4a colon cancer.
Although elastic laminal invasion positivity does not
affect prognosis in node-positive patients receiving
adjuvant chemotherapy, node-negative patients with
elastic laminal invasion have a similar risk of recurrence
as node-positive patients.

e <zdoi;10.1097/DCR.0000000000000124>
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7" n 2008, 1.2 million people received a new diagnosis
of colorectal carcinoma (CRC), and 608,700 patients
.it.died of the disease, making it the fourth most com-
mon cause of cancer death globally.! However, in the
United States and Europe, it is the second leading cause
of cancer death.>® In Japan, CRC is diagnosed in #105,000
patients each year and accounts for 42,000 deaths, making
it the third leading cause of death from cancer.*

CRC is staged using the TNM system of the Interna-
tional Union Against Cancer (UICC),* in which primary
tumor extension (T), regional lymph node involvement
(N), and the presence of distant metastasis (M) are estab-
lished to guide treatment and predict prognosis. Patholog-
ic (p) T categories are divided into pT1 to pT4: pT3 disease
is defined by subserosal tumor invasion and accounts for
approximately half of all cases of CRC. The prognosis of
patients with pT3 disease varies, which may be explained
by differences in the depth of tumor invasion.® Never-
theless, although it has been suggested that pT3 disease be
subclassified, it currently remains 1 category.

The peritoneal elastic lamina (PEL) is a component of
the normal intestinal wall and can be identified histologi-
cally by elastica staining. It is situated beneath the visceral
peritoneum and invests the intestinal wall. Subclassifying
pT3 tumors according to their relationship with the PEL
has been suggested as another method of pT3 classifica-
tion. Patients with tumor invasion beyond the PEL are
classified as having elastic laminal invasion (ELI).” Fur-
thermore, the elastic lamina is used as a landmark of in-
vasion of the visceral pleura in the TNM classification of
lung cancer.® These facts guide us to focus on the PEL as a
landmark of the classification of tumor spread.

Our previous study of 564 patients with stage II to IV
CRC suggested that ELI was one of the factors affecting
the prognosis of patients with colon cancer (CC) and an
independent risk factor for tumor recurrence only among
CC patients with stage 1T disease.'® However, it is not yet
clear that ELI status can be a prognostic factor under com-
prehensive analysis, including factors such as lymph node
involvement and adjuvant chemotherapy.

The aim of this study was to investigate the clinical
impact of ELI in patients diagnosed with pT3 and pT4a
CC and the magnitude of the worse prognosis of patients
with ELI-positive, node-negative CC (NNCC).

MATERIALS AND METHODS

Patients Selection and Follow-up

Of the 1103 consecutive patients who underwent sur-
gery for CC at the National Cancer Center Hospital East
between January 1996 and December 2006, 721 patients

YOROTA ET AL: ELASTIC LAMINAL INVASION IN COLON CANCER

had pT3 or pT4a disease. The following patients were ex-
cluded: 1) patients with multiple or metachronous CC, 2)
patients simultaneously or previously diagnosed with an
advanced tumor other than CC, 3) patients with distant
metastasis, 4) patients who received neoadjuvant therapy,
and 5) patients in whom resection was incomplete (R1 and
R2). Completeness of resection was classified as RO (neg-
ative gross and pathologic margins), R1 (negative gross
and positive microscopic margins), and R2 (positive gross
margins). R1 and R2 were defined as incomplete resec-
tion. After exclusions, the clinical records of 439 patients
with pT3 and pT4a CC were retrospectively studied. We
began routinely administering 5-fluorouracil—containing
adjuvant chemotherapy for patients with stage I1I disease
in 2003, and 3 patients with stage II CC were excluded
because they had also received adjuvant chemotherapy.
Each patient’s prospectively collected demographic, stag-
ing, histopathology, and prognostic outcome data were
recorded. All of the cases were reclassified based on the
7th edition of the UICC TNM staging system.” We did
not categorize isolated tumor deposits as pNlc to avoid
overestimating the prognosis of patients with stage III
disease. Follow-up after surgery was composed of serum
tumor marker measurement every 3 months and chest
and abdominal CT every 6 months for the first 3 years,
then every 6 months for the next 2 years, and annually
for 2 additional years. All of the patients were followed
from the date of surgery to the last contact (death or Jast
follow-up) or until December 31, 2011. Recurrence was
defined as distant metastasis, local recurrence, or perito-
neal dissemination; the final diagnosis was made by im-
aging (CT, MRI, and/or positron emission tomography
CT), cytologic analysis, or biopsy, if necessary.

Written, informed consent to tissue collection and
use for research was obtained. Conduct of the study was
approved by our local ethics committee (National Cancer
Center Hospital, No. 2012-067).

Hisiopathologic Analysis

We used the same histopathologic protocol as our previ-
ous study.!® The resected specimens were fixed in 10% for-
malin, and the entire tumor was cut into 5-mm sections.
Representative slices were embedded in paraffin, cut into
3-um sections, and stained with hematoxylin and eosin
(H&E) and elastica stain to allow evaluation of serial sec-
tions for ELI status and lymphovascular invasion (Fig. 1).
We used the modified resorcin-fuchsin method for the lat-
ter.! There is a defect of the PEL at the mesenteric attach-
ment; therefore, we undertook elastica staining on at least
1 whole section where the tumor was closest to the perito-
neal surface to confirm the continuity of the PEL. The me-
dian numbers of H&E- and elastica-stained sections were
6 (range, 2-20) and 4 (range, 2-16). We defined cases with
tumor invasion beyond the PEL as ELI positive (Fig. 1C
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FIGURE 1. A, Cut surface of a tumor with elastic lamina invasion
(ELI). Hematoxylin and eosin staining (B; x40) and elastica staining (C;
x40; D, x100) of the white box area in A. The peritoneal elastic lamina
(PEL; arrows in C) is situated beneath the visceral peritoneum. C and
D, Tumor invasion beyond the PEL represents ELI positivity.

and 1D). Continuity of the PEL in unaffected areas was
confirmed regardless of the intensity of staining near the
tumor. In cases with duplication of the PEL around the in-
vasive front of the tumor, we determined cases with tumor
invasion beyond the PEL to be ELI positive only when the
PEL was judged the outermost layer of elastin. In cases in
which the PEL had been disrupted, its estimated course
was obtained by drawing a straight line between the re-
sidual PEL; only cases with invasion beyond the line were
defined as ELI positive. ELI status was retrospectively eval-
uated by 2 pathologists blinded to the patient outcomes.

Patients with resection of colon
cancer between 1996 and 2006
(n=1103)

Patients with pT3 and pT4a disease
(n=721)

|
Exduded (n = 282%):
S ®  Multiple or mevachronous colon cancer (n=47)
E Assesssed for eligibility ! @)  Simultaneously or previously diagnosed with an
; (n=439) j advanced tumor other than colon cancer (n= 16)
e Gii) Distant metastasis (n= 215)
Gv) Neoadjuvant therapy (n +15)
) Incomplete resection (n = 20)

S S Bddn T
Available for analysis Stage |l patients who received adjuvant
(n=436 chaemotherap,

FIGURE 2. Consolidated Standards of Reporting Trials diagram of
the study. *At least 1 of the criteria (i to v) was met.

Statistical Analysis

Our primary outcome measure was recurrence-free sur-
vival (RES), defined as the time that elapsed between the
date of surgery and any relapse or death from any cause.
Overall survival (OS) was a secondary outcome, defined as
the time from surgery to death from any cause. We chose
RES as the primary outcome to avoid the impact of treat-
ments after recurrence on survival. Kaplan-Meier survival
curves were plotted and compared using the log-rank test.
Continuous variables were separated into 2 categories on
the basis of their median values. All of the baseline char-
acteristics were summarized as numbers and percentages.

To verify whether ELI status was an independent
prognostic factor, we first performed multivariate Cox re-
gression analyses for RFS. Baseline covariates included age
{<65 or 265 years), sex (male or female), tumor size (<4.5
or =4.5cm), histologic differentiation (well/moderately
or poorly/mucinous), surgical technique (open or laparo-
scopic), lymphatic invasion (positive or negative), venous
invasion (positive or negative), lymph node metastasis
(positive or negative), number of lymph nodes retrieved
(less than 12 or 12 or more), preoperative serum CEA lev-
el (<5 or =25ng/ml), adjuvant chemotherapy (received or
not received), and ELI (positive or negative).

The branch-and-bound algorithm of the Furnival and
Wilson" variable selection procedure was applied to iden-
tify the risk factors using these candidate covariates. Next,
we divided patients into all of the possible combinations
based on the covariates identified in the Cox regression
analyses so that their stratification would be meaning-
ful. To establish the extent to which ELI adversely affected
prognosis in NNCC, we compared the group consisting of
patients with ELI-positive NNCC with groups composed
of patients with node-positive CC (NPCGC; stage III dis-
ease). We also applied the risk group to patients with pT3,
because exclusion of pT4a patients might have influenced
our proposed risk stratification. Purthermore, we evalu-
ated how the risk group affected OS.

AQ3



[ LWW [03/7/14 | 4 Color Fig(s): F1-5 [18:08 JAt:DCR-D-13-00559)

Yoxora ET AL: ELASTIC LAMINAL INVASION IN COLON CANCER

No. of patients (n = 436) RES

Variable No. % 5y (%) pe

Age,y
Median (range) 65.0 (26.0-92.0) 0.32
<65 208 47.7 76.2
265 228 52.3 80.5

Sex
Male 251 57.6 76.1 0.17
Female 185 424 81.1

Tumor location
Right 146 335 3.7 0.08
Transverse 51 1.7 714
Left 239 54.8 76.3

Tumor stage
pT3 393 90.1 81.0 <0.0001
pT4a 43 9.9 535

Nodal status
pNO 250 573 883 <0.0001
pN1 140 321 68.4
pN2 46 10.6 54.8

Tumor size, cm
Median (range) 4.5(0.6~16.5) 0.09
<45 196 45.0 75.0
=45 240 55.0 80.9

Histologic differentiation
Well/moderately 396 90.8 78.8 038
Poorly/mucinous 40 9.2 72.2

Lymphatic invasion
Negative 293 67.2 80.6 0.07
Positive 143 328 73.2

Venous invasion
Negative 102 234 89.0 0.002
Positive 334 76.6 749

CEA, ng/mL
Median (range) 3.9(0.2-247.7) 027
<5 252 578 79.8
25 184 422 76.0

Type of surgery
Open 267 61.2 78.0 0.84
Laparoscopic 169 388 78.6

No. of lymph nodes retrieval
Median (range) 265 (4.0-124.0) 058
<12 31 71 76.0
212 405 929 784

Adjuvant chemotherapy
Received 71 163 784 0.98
Not received 365 83.7 772

ELI
Negative 254 583 85.1 <0.0001
Positive 182 41.7 68.8

ELI = elastic laminal invasion; RFS = recurrence-free survival.
2p value was calculated by log-rank test (2 sided).

All of the statistical analyses were performed using SAS
9.3 (SAS Institute, Cary, NC). All p values were reported as 2
sided, and statistical significance was defined as values <0.05.

RESULTS

Patieni Characteristics
A total of 436 patients with a median age of 65.0 years

F2  were enrolled (Fig. 2). Their characteristics were shown in

Table 1. Tumors were located in the cecum in 26 patients
(6.0%), the ascending colon in 120 (27.5%), the transverse
colon in 51 (11.7%), the descending colon in 36 (8.3%),
and the sigmoid colon in 203 (46.5%). Tumors were clas-
sified as stage 1A, IIB, IIIB, and IIIC in 236 (54.1%), 14
(3.2%), 165 (37.9%), and 21 patients (4.8%). Seventy-one
patients (38.2%) with stage III CC received adjuvant che-
motherapy after primary resection. Overall, 182 patients

T1
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FIGURE 3. Kaplan-Meier curves depicting recurrence-free (A) and
overall survival (B) based on the elastic laminal invasion status of 436
patients who underwent primary resection for colon cancer.

(41.7%) were identified as ELI positive, 140 (35.6%) of
those with pT3 and 42 (97.7%) of those with pT4a disease.

Association Between ELI Status and Survival

The 5-year RFS and OS for all of the participants were
78.2% and 92.9%. The median follow-up was 7.1 years
(range, 0.1-15.1 years). Of those who survived, 93.3%
were followed for >3 years, and 88.0% were followed for
25 years. Tumor stage, nodal status, venous invasion, and

RFS
Variable HR D 95% CI
Lymph node metastasis (+) 2.96 <0.0001 1.95-4.49
Adjuvant chemotherapy (+) 0.50 0.01 0.29-0.85
ELI(+) 1.59 0.02 1.08-2.33

ELI = efastic laminal invasion; RFS = recurrence-free survival.

ELI status influenced RFS (Table 1). Of the patients with
pT3 disease, those who were ELI positive had a 5-year RFS
of 73.8% compared with 85.0% for those who were ELI
negative (p = 0.002) and 53.5% for patients with pT4 dis-
ease (p = 0.02; Fig. 3A). Tumors recurred in 95 (21.8%)
of the 436 patients; the most common sites of recurrence
were the liver (48 patients), lung (18 patients), and peri-
toneum (13 patients). The 5-year OS of ELI-positive pa-
tients with pT3 disease was 87.3% compared with 94.9%
if ELI status was negative (p = 0.02) and 85.3% in patients
with pT4 disease (p = 0.82; Fig. 3B). Overall, 63 patients
died (14.4%): of those who died of CC, 28 were ELI posi-
tive and 14 were ELI negative; of those who died of other
causes, 6 were ELI positive and 15 were ELI negative.

Multivariate Analyses

We performed Cox regression analyses on all 436 patients.
For RFS, the branch-and-bound algorithm identified 3
unfavorable factors, including lymph node metastasis (p
< 0.0001), lack of adjuvant chemotherapy (p = 0.01), and
ELI positive status (p = 0.02; Table 2). Patients were di-
vided into 6 groups based on these unfavorable factors, as
shown in Table 3. We chose group 3 (node negative, ELI
positive, and no adjuvant chemotherapy) as the reference
value to compare with node-positive patients.

Evaluation of Prognosis

Kaplan-Meier curves for RFS in each group are shown in
Figure 4A. The survival curves of group 5 (node positive, ELI
negative, and no adjuvant chemotherapy) and group 6 (node
positive, ELI positive, and no adjuvant chemotherapy) were
almost identical (p = 0.43), and there was not a significant
difference between group 2 (node positive, ELI negative, and
received adjuvant chemotherapy) and group 4 (node positive,
ELI positive, and received adjuvant chemotherapy; p = 0.15).
There was, however, a significant difference between group
1 (node negative, ELI negative, and no adjuvant chemother-
apy) and group 3 (p = 0.001). The RFS curve of group 3 lay
between those of group 2 and group 4, both of which were
composed of node-positive patients. The HR for group 1 vs
group 3 was 0.49 (95% CI, 0.27-0.90), corresponding with a
51% relative reduction in the risk of recurrence. Furthermore,
the HRs for groups 2 and 4 vs group 3 were 0.77 (95% CI,
0.35-1.69) and 1.36 (95% CI, 0.62-2.98).

When group 3 was compared with the other groups
in terms of OS, similar trends were observed (Table 3 and
Fig. 4B). The estimated OS Kaplan-Meier curve of group
3 was also between those of groups 2 and 4. The HRs for
groups 2 and 4 vs group 3 were 0.88 (95% CI, 0.29-2.62)
and 1.81 (95% CI, 0.61-5.41).

Findings After Exclusion of Patients With pT4a Disease
The impact of ELI status was reanalyzed using the same
6 groups after patients with pT4a disease were excluded
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91.1 (85.4-94.6)
83.0 (67.7-91.5)
783 (67.8-85.7)
69.0 (48.8-82.5)
57.7 (41.9-70.6)
55.9 (43.3-66.7)

0.49 (0.27-0.90)
0.77 (0.35~1.69)
1.00
1.36{0.62-2.98)
1.92(1.03-357)
2.36(1.36-4.11)
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91.2 (82.4-95.7)
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82.0 (67.1-90.5)
795 (67.3-87.6)

0.59 (0.25-1.41)
0.88(0.29-2.62)
1.00
1.81(061-5.41)
2.10(0.88-5.01)
2.64 (1.20-5.81)

N = nodal status; ELI = elastic laminal invasion; AC = adjuvant chemotherapy; RFS = recurrence-free survival; OS = overall survival.

(Table 4). The 5-year RFS for group 3 excluding those with
pT4a disease (group 3”) was significantly worse than that
for group 17 (group 1 excluding those with pT4a disease;
81.1% vs 92.9%; p = 0.003). The RFS curve of group 3" was
similar to that of groups 2 (group 2 excluding those with
pT4a disease) and 4° (group 4 excluding those with pT4a
disease; group 3" vs group 2/, p= 0.61; group 3’ vs group 4/,
P =10.83; Fig. 5A). The OS curve of group 3’ lay below that
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FIGURE 4. Kaplan-Meier curves depicting recurrence-free (A) and
overall survival (B) of 6 groups of 436 patients who underwent
primary resection for colon cancer, stratified according to elastic
laminal invasion (ELD), lymph node metastasis, and adjuvant
chemotherapy status. The bold line (red) represents group 3 (node
negative, ELI positive, and no adjuvant chemotherapy).

of groups 2" and 4" (group 3’ vs group 2', p = 0.41; group
3" vs group 4, p = 0.98; Fig. 5B).

DiSCUSSION

ELI appears to influence outcome in patients with pT3 and
pT4a CC. The RFS and OS of patients with ELI-negative
NPCC (group 2) were better than those with ELI-positive
NNCC (group 3). A similar trend was observed in previ-
ous reports based on the UICC 6th edition. Patients with
stage ITIA (T1 to 2N1) disease had a better 5-year sur-
vival than those with stage IIA (T3NO) disease, and the
Kaplan-Meier curve of patients with stage IIB (T4NO0)
disease lay approximately halfway between those of pa-
tients with stage IT1A and stage I1IB (T3-4N1) disease.!>!4
Whether the favorable outcome of patients with stage ITIA
disease was because of limited tumor spread or adjuvant
chemotherapy is unclear; these and our results show that
some patients with stage II disease have a worse outcome
than some with stage III disease.

Several studies have reported a variety of poor prog-
nostic indicators in patients with stage IT CC, including tu-
mor necrosis,'® perineural invasion,'>'® male sex,'” bowel
obstruction,!”" tumor depth,571%2! retrieval of less than
10 or 14 lymph nodes,'”" emergency presentation,® left
colonic disease,® venous invasion,®?! lymphovascular in-
vasion, %1922 margin involvemnent,? differentiation pat-
tern,” preoperative CEA level,'® mucinous component of
>50%,® tumor grade,” and tumor length.?? Tumor depth
and lymphovascular invasion have been identified most
often. ELI status, which subdivides tumors invading be-
yond the muscularis propria, is also an indicator related to
tumor depth. The “TNM Supplement: A Commentary on
Uniform Use®” stated that the pT3 subclassification iden-
tified an extent of disease with a clinically relevant influ-
ence on outcome and could be used to determine the need
for adjuvant chemotherapy.

There is a consensus that pT4 staging indicates a high
risk of recurrence®; thus, the ELI status of patients other
those with pT4a disease is also of great interest. The find-
ings presented in Figure 5, from which patients with pT4a
disease were excluded, show the poor prognosis of patients
with ELI-positive NNCC with pT3 disease and indicate
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N = nodal status; EL| = elastic laminal invasion; AC = adjuvant chemotherapy; RFS = recurrence-free survival; OS = overall survival; NE = not estimated.

that subclassification by ELI status allows valid conclu-
sions to be made about outcome independent of tumor
staging. The survival of patients with stage Il CRC and pT3
deep tumor invasion (which represented tumors that had
invaded beyond the PEL) has been reported to be equal to
that of patients with stage Il CRC and pT4 disease.® There-
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FIGURE 5. Kaplan-Meier curves depicting recurrence-free (A) and
overall survival (B) of 6 groups of 393 patients who underwent
primary resection for colon cancer, stratified according to elastic
laminal invasion (ELI), lymph node metastasis, and adjuvant
chemotherapy status after exclusion of those with pT4a disease.
The bold line (red) represents group 3 excluding those with pT4a
disease {(group 3’; node negative, ELI positive, and no adjuvant
chemotherapy).

fore, a deeply invasive pT'3 tumor, which fulfills the criteria
for ELI used in this study, is a poor prognostic indicator.

Comparing the prognosis of stage II and III CC may
help identify high-risk stage II patients. A small number
of studies have reported the prognosis of stage II along-
side that of stage III disease. The 5-year survival of patients
with Dukes B CC determined to be at high risk by the
Peterson index (43.3%) was worse than that of patients
with Dukes C disease with a single lymph node metastasis
(57.9%).% Patients with stage II CC and perineural inva-
sion had significantly worse outcomes than stage 11 pa-
tients (5-year disease-free survival of 29% vs 56%; 5-year
OS of 43% vs 67%).2° This suggests that the Peterson index
and perineural invasion may also be useful means of iden-
tifying a high-risk group for whom adjuvant chemother-
apy might be recommended. Likewise, the RFS and OS of
patients with ELI-positive NNCC were equivalent to those
of patients with NPCC and pT3 or pT4a histology, corre-
sponding with stage IIIB disease. Thus, ELI status appears
to identify patients with high-risk stage 11 CC.

There is considerable variability in the incidence of
serosal involvement in patients with Dukes stage B CC
reported in previous studies,?” which may reflect diagnos-
tic difficulties.’®” One difficulty is that mesothelial cells
are fragile, and the serosal surface may easily be disrupted
during surgery and fixation. Another is that inflamma-
tory and desmoplastic stromal reactions are often seen
around the invasive tumor front. These problems can lead
to underestimation of invasion because of the difficulty
of demonstrating tumor cells on the peritoneal surface. In
this regard, ELI may be advantageous because it is assessed
from the inner surface of the serosa and is, therefore, not
influenced by external trauma. Like vascular invasion, tu-
mor spread might also be determined more objectively by
routine elastica staining.’%3!

ELI is sometimes affected by the tumor-associated
inflammation around the invasive tumor front. In such
cases, we speculate that the use of an estimated line and
multiple histologic sections might provide a more pre-
cise and objective diagnosis. Nevertheless, we could not
demonstrate EL] positivity in 2.3% of patients with pT4a
disease. This is likely to be a consequence of marked in-
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flammation at the tumor invasion front, making it im-
possible to determine ELI positivity in some patients
with pT4a disease.

The prediction accuracy of our prognostic stratifica-
tion is a limitation of our study, because we developed the
risk group based only on the training set of 436 patients.
A prospective study is needed to evaluate the validity and
accuracy of our conclusions. Stratifying patients with CC
into 6 groups based on 3 unfavorable factors led to an anal-
ysis of small subgroups that may not have been capable of
detecting significant differences. Another limitation is that
there was a wide range of H&E- and elastica-stained slides
examined per case, because we did not adopt the protocol
with a predefined the number of blocks and sections. This
could cause bias in the ELI and pT4 rates.

The strength of our study was that not all of the pa-
tients with stage II CC routinely received adjuvant che-
motherapy. If all of the patients predicted to have a poor
outcome had received adjuvant chemotherapy, almost
three quarters would have done so, making any compari-
son impossible.”

CONCLUSION

ELI status predicts prognosis in patients with pT3 and
pT4a CC. Patients with ELI-positive NNCC have a worse
outcome than those with ELI-negative histology and a
prognosis similar to patients with stage III CC who re-
ceived adjuvant chemotherapy. Therefore, although ELI
positivity does not affect prognosis in patients with stage
III CC receiving adjuvant chemotherapy, ELI is a strong
prognostic factor to identify patients with high-risk stage
II CC. Further prospective studies are needed to prove the
reproducibility and validity of our findings.
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