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{25 mg/day) for 6 months (Group B; Fig. 1). When antitumor ef-
fects were observed with progressive disease (PD), the treatment
was canceled and patients underwent surgery immediately. All
patient data was collected by UMIN (UMINO0O0005668) and
analyzed at the National Cancer Center in Japan. Tumors were
measured by caliper before exemestane treatment began, and
again in the eighth week of therapy. Tumor regression by clinical
examination, pathological response, decisions regarding breast-
conserving surgery, and safety assessments were the main
outcome measures. All patients provided written informed con-
sent. This investigational registration period was planned three
years from May 2008. The trial was conducted in accordance with
the principles of Good Clinical Practice as specified in the Decla-
ration of Helsinki (Edinburgh, 2000). The study protocol was
guided by the current regulations governing clinical trials, and
was approved by the Ethics Commmittees of the individual hospi-
tals invelved. All patients gave written informed consent before
study enrollment.

Study endpoints

The primary endpoints were objective response rates (ORR) by
caliper at 4 and 6 months of treatment using an intention to treat
analysis. Secondary endpoints were the rates of breast-conserving
surgery or mastectomy, and the pathological response rates.

Clinical assessments

The primary study objective was to compare the differences
between exemestane treatment for 4 and 6 months, using objective
complete responses (CRs) and partial responses (PRs) as defined by
the Response Evaluation Criteria in Solid Tumors (RECIST),® which
is based on caliper measurements of tumor size. Clinical response
was assessed by comparing the longest diameter of the target le-
sions with the baseline measurement based on RECIST criteria.
Every 4 weeks, patients underwent a physical examination, toxicity
assessment, and tumor assessment using WHO criteria. If tumor
progression was suspected, the tumor was further assessed by ul-
trasound or mammography. At baseline and immediately before
surgery, the investigator recorded the extent of the least invasive
feasible breast surgery option at that particular time: whether
breast-conserving surgery or mastectomy was needed, or whether
the tumor was inoperable.

Histological assessments

Histopathological therapeutic response was classified according
to the General Rules for the Clinical and Pathological Recording of
Breast Cancer 2005.'° For Grade 0, no response was observed;
Grade 1a comprised those turnors with mild changes in cancer cells
regardless of the area, or marked changes seen in less than one-
third of cancer cells; Grade 1b comprised tumors with marked
changes seen in more than one-third but less than two-thirds of
tumor cells; Grade 2 tumors contained marked changes in more
than two-thirds of tumor cells; and Grade 3 tumors demonstrated a
complete response, with no cancerous cells remaining. Mild
changes included slight degenerative changes in cancer cells not
suggestive of cell death (including cancer cells with vacuolation of
the cytoplasm, eosinophilic cytoplasm, swelling of the nucleus,
etc.). Marked changes include noticeable degenerative changes in
cancer cells suggestive of cell death (including liquefaction, ne-
crosis, and disappearance). The pathological response group was
defined as tumors with Grade 1b and 2 responses. The non-
response group was defined as tumors with Grade 0 and 1la
responses.

Statistics

Based upon previous results, we assumed the response rate to
be 40% and 60% after 4 and 6 months of exemestane, respectively
(Table 1). To achieve an 80% statistical power, 46 examples were
required to detect differences in both response rates with a 5% level
of significance.! To account for attrition, we enrolled 50 patients."!
Analysis was on an intention to treat (ITT) basis. The chi-squared
test was used to compare tumor characteristics and responses,
and rates of breast-conserving surgery between groups. Results
with p < 0.05 were considered to be significant.

Results
Patient baseline characteristics

The study enrolled 52 post-menopausal women at 3 hospitals in
Japan between April 25, 2008 and August 12, 2010. Of these, 26
patients were allocated to Group A, and 26 to Group B. One patient
withdrew and did not complete the study (Group B). The main
characteristics of the eligible patients are described in Table 2. The
baseline characteristics were well balanced between the two
treatment arms (Table 2).

Efficacy results

Evaluation of the primary efficacy endpoint (overall objective
response as determined by clinical palpation) revealed that there
was no statistically significant difference in the overall objective
response (CR + PR) between the two treatment groups: Group A,
42.3%; Group B, 48.0%; p = 0.89 (Table 3). Clinically, 7.7% of Group A
and 8.0% of Group B patients progressed while 50.0% and 44.0% of
Group A and B patients, respectively, remained stable (not signifi-
cant). As for the anti-tumor effect assessed by caliper at the eighth
week, there were no differences between the two cohorts (Table 3).
The pathological response rates of Groups A and B were 19.2% and
32.0%, respectively, a difference that was not statistically significant
(Table 4, p = 0.47). Pathological CR in the primary breast lesion was
only observed in one patient in Group B. Withdrawals from the trial
due to side effects did not occur in either Group.

Table 2
Patients’ baseline characteristics.
Group A Group B
(4 months) (6 months)
Age, median (range) 66 (51-80) 64 (57—-80)
Tumor stage, number (%) T2 24 (92.3%) 24 (92.0%)
T3 2 (7.7%) 2(8.0%)
Nodal stage, number (%) NO 21 (80.8%) 24 (92.0%)
N1 5({19.2%) 2 (8.0%)
Clinical stage, number (%) 1A 19(73.1%) 22 (84.0%)
IIB 7 (26.9%) 4(16.0%)
BMP 23.5(18.5-31.5) 245(17.5-32.3)
Tumor diameter (caliper) 30.5 (20-60) 30.0 (13-55)
Median (range) mm
Receptor status
ER® positive/HER2C negative 25 22
ER® positive/HER2 positive 1 3
PgR? Positive 20 18
Negative 6 8

There were no differences between Groups A and B in these characteristics.
2 BMI = body mass index.
b ER = estrogen receptor.
¢ HER2 = human epidermal growth factor receptor type 2.
4 PgR = progesterone receptor.
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Table 3
Clinical response (caliper).
Response? Group A (4 months) Croup B (6 months)
number (26) number (25)
8 weeks 16 weeks 8 weeks 24 weeks
CR 0 1 0 2
PR 7 10 5 10
SD 17 13 20 11
PD 2 2 1] 2
Clinical ORR (CR or PR) 26.9% 42.3% 20.0% 48.0%
p=089.

Complete Response: CR, Partial Response: PR, Stable Disease; SD, Progressive Dis-
ease: PD.
ORR: objective response rates.

2 The RECIST methodology was used to assess response (Therasse et al,, 2000).

Table 4
Clinical response {pathological response),
Pathological response® Group A {4 months) Group B (6 months)
number number
3 0 1
2 4] 1
1b 5 6
1a 15 13
0 6 4
Response rate (1b or 2 or 3) 19.2% 32.0%

p=047.
0 no response, 1a mild response, 1b moderate response, 2 marked response, 3
complete response.

2 Pathological response was defined as a Grade 1b, 2, or 3 lesion according to the
following criteria.

Breast conservation

Of the 52 randomized patients, 32 would have required a
mastectorny at baseline (17 in Group A and 15 in Group B; Table 5).
For one of these patients, an operation was not performed. Surgery
outcomes with respect to breast conservation improved in 4 of 26
patients in Group A (15.4%), as compared to 1 of 25 patients in
Group B (4.0%). As compared to the intent-to-treat population, the
increase in patients eligible for breast conserving surgery was
numerically higher in Group A than Group B, although this differ-
ence did not reach statistical significance.

Discussion

ER-positive tumors are generally less sensitive to chemotherapy
than ER-negative tumors.!*'> Some trials have shown that tamox-
ifen is an effective primary endocrine agent for the treatment of
locally advanced™ and operable ER-positive breast cancers, espe-
cially in the elderly population.”® A combined analysis of the
IMPACT and PROACT clinical trials showed a trend toward better
objective response rates when patients received aromatase in-
hibitors, but no statistically significant difference was observed
between treatments with aromatase inhibitors or tamoxifen.2?

Table 5
Rate of breast-conserving surgery.
Group A (4 months) Group B (6 months)
Estimation Post Estimation Post
(pre treatment) treatment (pre treatment) treatment
Mastectomy 17 13 Mastectomy 14 13
BCS? 9 13 BCS 11 12
Rate of BCS 34.6% 50% Rate of BCS 44.0% 48.0%

2 BCS = Breast-conserving surgery.

However, in the P024 trial, the objective response rate for treat-
ment with aromatase inhibitors was significantly greater than that
for tamoxifen.? At present, the optimum duration of treatment for
neoadjuvant endocrine treatment is not known. Ideally, the timing
would be based on individual patient response. Clinical trials
report a common duration period of preoperative endocrine ther~
apy as 4—6 months. Likewise, the duration of many neoadjuvant
chemotherapy treatments is 6 months. Therefore, we carried out
this study to compare the use of exemestane for 4 and 6 months
prior to surgery. We found no significant differences in outcomes
between patients who received the drug for 4 or 6 months; how-
ever, the latter group tended to have higher anti-tumor responses.
It is thought that this observation did not reach statistical signifi-
cance because we set the significant difference of both groups at
20%.0ur study results show that the maximum response of neo-
adjuvant hormone therapy by exemestane is around four months.
These data are consistent with the study by Antonio Llombart-
Cussac et al,'® in which the maximum response to therapy with
letrozole was at 4.2 months. In addition, a randomized phase II
study'” compared 4—8 months of letrozole in a single arm; there
tended to have higher anti-tumor responses, We think that these
results indicate that the maximum response to neoadjuvant hor-
mone therapy is also around four months. ER- and/or PgR-positive
tumors are biologically heterogeneous. It is thought that biologi-
cally heterogeneous groups require detailed statistical adjustment.
Krainick-Strobel UE et al.'” found that 4 months of nepadjuvant
exemestane therapy improved the rate of breast-conserving sur-
gery. There was not a large difference in response rates for treat-
ments of 3—6 month duration; however, the anti-tumor effects
tended to be greater after 6 months of treatment as compared to
shorter time points. In our study, neither treatment group experi-
enced severe side effects as a result of the therapy. However, Group
B tended to have a higher pathological response rate, It seemns that
the maximum anti-tumor effect may be reached at different time
points for each patient over the course of 24 weeks of treatment.
Therefore, we cannot expect a large antitumor effect by treating for
longer than 4 months; however, we could extend the treatment
period until the time of operation. Furthermore, in addition to using
exemestane as preoperative treatment in post-menopausal women
with ER-positive breast cancer, due to the mild side effects
observed during the 6 month course of treatment, we envision
administering the drug over the long term under careful clinical
supervision.
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Jeffrey (1999) 5 T2-3  LeVeen 80%  None

Tzzo (2001) 26 T1-2  LeVeen 96%  Skin burn (1)

Burak (2002) 10 T1 LeVeen 90%  None
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Abstract A rectoseminal vesicle fistula is a rare com-
plication after a low anterior resection for rectal cancer,
usually developing in the outpatient postoperative period
with pneumaturia, fever, scrotal swelling or testicular pain.
A diagnostic water-soluble contrast enema, cystography
and computed tomography reveal a tract from the rectum to
the seminal vesicle. Anastomotic leakage is thought to be
partially responsible for the formation of such tracts. This
report presents three cases of rectoseminal vesicle fistula,
and the presumed course of the disease and optimal treat-
ment options are discussed.

Keywords Colon fistula - Seminal vesicle -
Urinary fistula

Introduction

The complications of end-to-end anastomosis for lower
rectal cancer include anastomotic leakage, rectovaginal
fistula, intrapelvic abscess and stenosis. A rectoseminal
vesicle fistula is rare. Three patients developed rectosem-
inal vesicle fistula and were treated over a period of
19 years. This report reviews and summarizes similar
previously reported cases, while focusing on the presumed
course of the disease, diagnostic procedures and treatment
options.
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Patient 1

A 73-year-old male was admitted to the surgical depart-
ment for treatment of rectal cancer 7 cm from the anal
verge. Colonoscopy revealed a type 2 tumor of the rectum
and the histopathological examination of a specimen
obtained by colonoscopy revealed adenocarcinoma. Labo-
ratory tests were normal. The preoperative staging was
T3NOMO. The patient did not receive any neoadjuvant
therapy.

A low anterior resection was performed with an end-
to-end anastomosis. Microscopic examination of the
specimen revealed well-differentiated adenocarcinoma
of the rectum with adequate resection margins and no
metastases in the 12 resected lymph nodes. This was a
T3NOMO tumor, according to World Health Organization
(WHO) classification.

The immediate postoperative course was uneventful.
The discharge from the intrapelvic drain was noted to be
purulent on postoperative day 7. A water-soluble contrast
enema demonstrated minor anastomotic leakage on day 14.
The patient was treated conservatively with intrapelvic
drainage and antibiotics. Oral diet was resumed on post-
operative day 24 and the patient was discharged on day 29.
He was readmitted on postoperative day 37 with acute left
testicular pain, fever and pneumaturia. A vasogram fol-
lowed by fistulography demonstrated a fistula from the
seminal vesicle to the rectum via the anastomotic site
(Fig. 1).

Computed tomography revealed air bubbles located
between the rectuin and seminal vesicle. Anastomotic
leakage followed by coloseminal vesicle fistula after low
anterior resection was diagnosed. The leakage was locally
restricted, without any sign of generalized peritonitis, and
was successfully treated using only urethral catheterization
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Fig. 1 A vasogram followed by fistelography demonstrating fistula
from the seminal vesicle to the rectum via the anastomotic site.
136 x 128 mm (150 x 150 DPIL)

and antibiotics with oral diet. The fistula had successfully
healed by postoperative day 62, or 25 days after
readmission. :

Distant metastases were found 17 months after the first
operation. The patient underwent partial hepatectomy and
pulmonary resection for metastases from rectal cancer. He
is doing well without local recurrence at 4 years after the
first operation.

Patient 2

A 76-year-old male was admitted to the surgical depart-
ment for treatment of rectal cancer 7 cm from the anal
verge. Colonoscopy revealed a type 2 tumor of the rectum
and the histopathological examination of a colonoscopic
specimen led to a diagnosis of adenocarcinoma. Laboratory
tests yielded normal results. The preoperative stage was
T3N1MO. The patient’s medical history included diabetes
mellitus, hypertension, angina pectoris and pulmonary
hypertension. The patient did not receive any neoadjuvant
therapy.

A low anterior resection was performed with end-to-end
anastomosis. A microscopic examination of the specimen
revealed moderately differentiated adenocarcinoma of the
rectum with adequate resection margins and lymph node
metastasis in one of the 12 resected nodes. This was a
T3NIMO tumor.

The patient accidentally removed the urethral catheter
while the balloon was still inflated on postoperative day 7.
No apparent damage was observed in the urethra at that
time. He was discharged on postoperative day 11. He
presented to the emergency department 1 month after first
discharge with acute testicular pain, pneumaturia and a

. Airbubblesin

- seminal vesicle Bladder

\

Fig. 2 CT showing air bubbles in and around the seminal vesicle.
This slice is 1cm above the anastomotic site. 125 x 125 mm
(150 x 150 DPI)

swollen scrotum. A water-soluble contrast enema demon-
strated a fistula between the anastomotic site and a seminal
vesicle. CT revealed air bubbles around the seminal vesicle
and a series of abscesses from the seminal vesicle to the
scrotum (Fig. 2). Conservative therapy with antibiotics and
urethral catheterization was attempted which failed, so
diverting transverse colostomy was performed on postop-
erative day 50 (day 39 after readmission). Healing of the
fistula was confirmed at another hospital and stoma closure
was eventually performed, about 14 months after the first
operation.

The patient was treated for pulmonary metastases with
oral tegafur-uracil. He has survived 3 years and 10 months
since the first operation without local recurrence.

Patient 3

A 49-year-old male was admitted to the surgical depart-
ment for treatment of a huge rectal cancer. Colonoscopy
revealed a type 3 tumor of the rectum and a histopatholo-
gical examination led to a diagnosis of adenocarcinoma.
Computed tomography (CT) and magnetic resonance
imaging demonstrated the tumor and adjacent abscess
forming a mass 10 cm in diameter, with infiltration into the
right seminal vesicle. The C-reactive protein level was
elevated to 7.1 mg/dl. Pelvic incisional drainage was per-
formed prior to the radical operation. Preoperative staging
was T4N2MO.

A low anterior resection of the tumor with the bilateral
seminal vesicles and diverting ileostomy were performed
with end-to-end anastomosis. A microscopic examina-
tion of the specimen revealed moderately differentiated

@_ Springer
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Fig. 3 A vasogram under cystoscope control demonstrates fistula
from the ejaculatory duct to the anastomotic site via an abscess cavity.
137 x 137 mm (150 x 150 DPD)

adenocarcinoma of the rectum with adequate resection
margins and no metastases in any of the 44 resected lymph
nodes. This was a T3NOMO tumor.

The patient displayed fever and fecaluria on postoper-
ative day 10. CT revealed anastomotic leakage surrounded
by a cavity filled with pus and an increased air-water level.
A vasogram under cystoscopic control demonstrated a
fistula from the ejaculatory duct to the anastomotic site via
an abscess cavity (Fig. 3). He was diagnosed with anas-
tomotic leakage followed by creation of a fistula between
the anastomotic site and the excision site of the seminal
vesicles. The patient was effectively treated using lavage
from an intrapelvic drainage tube and urethral catheteri-
zation with a saline flush. The abscess cavity gradually
contracted and disappeared, but the fistula remained
refractory. Gracilis muscle flap closure was attempted but
proved unsuccessful. Additional abdominal rectus muscle
flap closure achieved an improvement of the fistula.

The patient finally underwent total pelvic exenteration
for intrapelvic recurrence along with intention to treat
urinary division after 2 years and 6 months. He has sur-
vived 3 years since the first operation.

Discussion

Abscess formation around the seminal vesicle is infre-
quently encountered in patients without apparent anasto-
motic leakage that have undergone concomitant resection
of the rectum and seminal vesicle (Fig. 4). The usual
clinical course is cloudy discharge from the pelvic drain,
fever, and relatively normal results of laboratory tests,
other organ function and general status. A water enema of

@ Springer

Bladder

Fig. 4 Retrograde cystourethrography shows fistulous communica-
tion between the seminal vesicle and intrapelvic cavity. This
represents seminal vesicle fistula after concomitant resection of
rectum and seminal vesicle. 125 x 125 mm (150 x 150 DPI)

the anastomotic site subsequently reveals no leakage.
Catting off the root of the seminal vesicle without ligation
causes a seminal vesicle fistula and local collection of pus.
Simply leaving the fistula open may be adequate as long as
the fever is controlled by antibiotics. The patient usually
recovers from the fistula within several weeks. The pro-
phylactic approach includes a ligation of the base of the
resected seminal vesicle.

This report presented three cases of rectoseminal vesicle
fistula after low anterior resection. Low anterior resection
has been performed at this institution since 1992, with
more than 1100 patients treated. Three patients developed
rectoseminal vesicle fistula and were treated over a
19 years period. Coloseminal vesicle fistula is particularly
uncommon. The causes or origin of such fistulae include
inflammatory bowel disease, low anterior resection, pro-
statectomy, radiation proctitis, and sigmoid colon diver-
ticula [1-3]. Only 10 cases of seminal vesicle fistula were
found among the reported postsurgical intervention cases
[3-9] (Table 1).

Minor leakage was demonstrated on postoperative day
14 in the first case, and was conservatively treated using
only a drainage tube. Mild residual inflammation might
have adversely influenced the fragile seminal vesicle wall.
Outpatient follow-up on postoperative day 37 revealed a
fistula to the seminal vesicle. Denonvilliers’ fascia, which
is located between the rectal anterior wall and the seminal
vesicle beneath the level of the peritoneal reflection, may
be removed when performing total mesorectum excision
[10]. Denonvilliers’ fascia is a very strong tissue that
divides the urinary tract and rectum. Infectious material
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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
4] testicular pain, contrast enema vasotomy
Kollmogen APR Urethral discharge, fever, No 10 days Sinography Antibiotics, None
51 dysuria drainage
Carlin {6]  Crobn’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 Prneumaturia, testicular pain, No 1 month CT and Urinary catheter ~ None
fever vesiculography
AR Pneumaturia, 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 recturn, 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

;@_ Springer



578

Surg Today (2013) 43:574-579

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 QUTCOME 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.
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n 2008, 1.2 million people received a new diagnosis
of colorectal carcinoma (CRC), and 608,700 patients
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 Il 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 II 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

Patianis 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
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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 last
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, MR, 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).

Histopathologic 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-mum 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 (G
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)

|

Excluded (n=282%):
@  Multiple or metachronous colon cancer (n = 47)
Gi)  Simul ly or previously di dwith an

advanced tumor other than colon cancer (n= 16}
{iii) Distant metastasis {n = 215)
(iv) Neoadjuvant therapy (n +15)
) Incomplete resection (n = 20)

Assesssed for eligibility ' f
(n=439) i

Excluded (n=3)
Stage Il patients who received adjuvant
_Cheemotherapy (n=3)

*Available for analysis
L. (=43 BN SR
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 (RFS), 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 (NPCC; 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. Furthermore, we evalu-
ated how the risk group affected OS.
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No. of patients (n =436) RFS

Variable No. % 5y (%) P°

Age,y
Median (range) 65.0 (26.0-92.0) 0.32
<65 208 47.7 76.2
265 228 523 80.5

Sex
Male 251 576 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 54.8 763

Tumeor stage
pT3 393 90.1 81.0 <0.0001
pT4a 43 99 535

Nodal status
pNO 250 57.3 883 <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
>4.5 240 55.0 80.9

Histologic differentiation
Well/moderately 396 20.8 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 74.9

CEA, ng/mL
Median (range) 3.9(0.2-247.7) 0.27
<5 252 578 79.8
25 184 422 76.0

Type of surgery
Open 267 61.2 78.0 0.84
Laparoscopic 169 388 786

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

Adjuvant chemotherapy
Received 71 16.3 784 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

Patient Characteristics
A total of 436 patients with a median age of 65.0 years
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 I1A, IIB, I1IB, and IIIC in 236 (54.1%), 14
(3.2%), 165 (37.9%), and 21 patients (4.8%). Seventy-one
patients (38.2%) with stage IIT CC received adjuvant che-
motherapy after primary resection. Overall, 182 patients
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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.

Assodiation Between ELI Status and Survival

The 5-year RES 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 P 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 = elastic 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.
Por 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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RFS 0s

Group n 5-y % (95% Ci) HR(95% Cl) 5-y % (95% Cl) HR(95% CI)

1 NOELI(-),AC(-) 166 91.1 (854-94.6) 0.49 (0.27-0.90) 98.1(94.2-99.4) 0.59 (0.25-1.41)
2 N1-2,ELI(-),AC(+) 42 83.0 (67.7-91.5) 0.77 (0.35-1.69) 97.6 (83.9-99.7) 0.88 (0.29-2.62)
3 NOELI(+),AC(-) 84 78.3(67.8-85.7) 1.00 91.2 (82.4-95.7) 1.00

4 N1-2,ELI(+),AC(+) 29 69.0 (48.8-82.5) 1.36(0.62-2.98) 89.7 (71.3-96.5) 1.81(0.61-5.41)
5 N1-2,ELI(-),AC(-) 46 57.7 (41.9-70.6) 1.92(1.03-3.57) 82.0 (67.1-90.5) 2.10(0.88-5.01)
6 N1-2,ELI(+),AC(-) 69 559 (43.3-66.7) 236(1.36-4.11) 79.5 (67.3-87.6) 2.64 (1.20-5.81)

T4

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

(Table 4). The 5-year RES for group 3 excluding those with
pT4a disease (group 37) was significantly worse than that
for group 17 (group 1 excluding those with pT4a disease;
81.1% vs 92.9%; p = 0.003). The RES curve of group 3" was
similar to that of groups 2’ (group 2 excluding those with
pT4a disease) and 47 (group 4 excluding those with pT4a
disease; group 3" vs group 2/, p= 0.61; group 3’ vs group 4/,

Fs  p=0.83; 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 (ELI), 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 pT'3 and
pT4a CC. The RES 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 TIIA (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 IIIA and stage IIIB (T3-4N1) disease.!>!
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 II CC, including tu-
mor necrosis,' perineural invasion,'>!® male sex,!” bowel
obstruction,”* tumor depth,&”1-2! retrieval of less than
10 or 14 lymph nodes,'™" emergency presentation,® left
colonic disease,® venous invasion,?*?! lymphovascular in-
vasion,'!%1%22 margin involvement,? differentiation pat-
tern,” preoperative CEA level,'® mucinous component of
>50%,8 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



