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survival (7,8). Therefore adjuvant radiotherapy has been
recommended as the standard treatment. However, this
approach was challenged by the results of a randomized
trial which revealed no additional survival benefit from
radiotherapy when chemotherapy was administered (9).
Furthermore, radiotherapy entails risks of morbidity and
mortality (6,7,10-12).

We started the National Surgical Adjuvant Study of
Colorectal Cancer 0! randomized trial at the same time as
the Dutch trial started (6). The aim of our trial was to evaluate
the efficacy of postoperative adjuvant chemotherapy with a
combination of uracil and tegafur (a prodrug of fluorouracil)
taken orally after standardized mesorectal excision with
selective lateral pelvic lymphadenectomy in stage III rectal
cancer. Selective lateral pelvic lymphadenectomy is defined
as selective application of extended lateral pelvic lymph
node dissection, to resect the iliac and obturator lymph
nodes when lateral pelvic lymph node involvement is clinically
suspected (5,13-15).

We adopted mesorectal excision with selective lateral pelvic
lymphadenectomy alone as the control treatment because it
was the standard for stage III rectal cancer in Japan (13-
15). We did not choose adjuvant radiotherapy because, in
addition to the reasons mentioned above, local recurrence
rate after mesorectal excision with selective lateral pelvic
lymphadenectomy in Japan had been 7-15% in high-volume
centers (14,15). Instead, we used oral uracil-tegafur, which
was reported to be effective as adjuvant therapy for lung cancer
in recent studies (16), because previous studies suggested effi-
cacy of uracil-tegafur for prolonging disease-free survival in
rectal cancer (17,18). Bolus fluorouracil and folinic acid, the
present world standard for stage III colon cancer, was not used,
because folinic acid was not approved in Japan until 1999. We
present the results of the planned interim analysis at a median
follow-up of 3 years. '

METHODS
PATIENTS AND STUDY DESIGN

Enrollment began in October 1996. Eligible patients had
undergone a microscopically verified complete resection of
pathological stage III adenocarcinoma of the rectum according
to the 1992 Tumour Node Metastasis (TNM) Classification of
Malignant Tumours (International Union Against Cancer)
(19), by standardized mesorectal excision with selective lateral
pelvic lymphadenectomy. Other inclusion criteria were the
center of the tumor being located between the levels of the
first sacral bone and the anal canal; an age of 20-75 years;
the absence of preoperative anticancer treatment, previous
cancer and synchronous multiple cancers; an Eastern Cooper-
ative Oncology Group performance status of 0, 1 or 2; a
leukocyte count of at least 4000/mm?; a platelet count of at
least 100 000/mm>; serum aspartate aminotransferase and
alanine aminotransferase levels that were no more than
twice the upper limit of the normal range; a serum total

bilirubin level of at most 1.2 mg/dl; a blood urea nitrogen
level of at most 25 mg/dl; a serum creatinine level of at
most 1.5 mg/dl; normal electrocardiogram; and an absence
of severe postoperative complications uncontrolled by the
time of registration.

An open-label study design was used. After written informed
consent had been obtained, we randomly assigned the
patients to postoperative adjuvant treatment with uracil-
tegafur or to surgery alone. Randomization was performed
by telephone or fax at the central trial office within 42 days
after operation. Patients were allocated by the minimization
method with Zelen’s adjustment for inter-institutional
imbalance. The factors used for balancing weré the site of
the primary tumor (above versus below the rectovesical
fossa or rectouterine fossa), primary tumor stage (pTl or
pT2 versus pT3 or pT4) and N stage (pN1 or pN2 versus
pN3). The primary endpoint was relapse-free survival and
the secondary endpoint was overall survival. The trial was
approved by the institutional review board of each participat-
ing center.

TREATMENT
QuALITY CONTROL FOR SURGERY AND PATHOLOGY -

All of the 28 participating centers are the high-volume centers
which treated more than 100 colorectal cancer patients per year
and institutional members of the Japanese Society for Cancer
of the Colon and Rectum (JSCCR) (13). The JSCCR has held a
general assembly and sessions intended to improve treatment
of colorectal cancer twice every year, and has standardized
treatment. The JSCCR has provided guidelines for standard-
ized surgical treatment and pathological evaluation (13).
All procedures and pathological evaluations were in accord-
ance with the fifth edition of the guidelines published in
1994 (13).

Mesorectal excision was the baseline procedure for all
patients. The definitions of the mesorectum and mesorectal
excision were the same as those from the Guidelines 2000
(5,13~15). In addition, extended lateral pelvic lymph node
dissection (5,13-15) was performed in cases with clinically
suspected lateral lymph node disease, as recommended by the
JSCCR guidelines (13-15).

The quality of surgery was monitored by the surgeon’s report
on the location and clinical stage; extent of the resection of
the bowel; mesorectum; and lymph nodes, and the patholo-
gist’s documentation of the pathological stage; number of
resected and positive lymph nodes in each lymph node
group; extent of bowel resection; and anal, oral and radial
margin status (13). :

ADJUVANT CHEMOTHERAPY

In the treatment group, uracil-tegafur (UFT®, Taiho
Pharmaceutical Co., Tokyo, Japan; 400 mg/m2 tegafur per
day) in the form of 100 mg units (100 mg of tegafur plus
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224 mg of uracil) was given orally twice daily for 5 consec-
utive days every weekday for 1 year, starting 6 weeks post-
operatively. The dose was rounded up or down to the nearest
100 mg. All patients but one received 3 units of uracil-tegafur
(300 mg of tegafur and 672 mg of uracil) twice daily.
The patients were asked at each follow-up visit whether
they had taken the units as prescribed.

Adverse events were graded according to the toxicity
grading criteria of the Japan Clinical Oncology Group,
which consist of the Common Toxicity Criteria of the National
Cancer Institute with minor modifications (20). Grades range
from 0 (none) to.5 (fatal) (20). If a moderate (grade 2) adverse
event occurred, the dose of uracil-tegafur was reduced to
250 mg/m? per day of tegafur. Treatment was stopped if,
despite dose reduction, there was anything of the following:
a grade 2 or higher adverse event, a leukocyte count of
<3000/mm>, an aspartate aminotransferase or alanine amino-
transferase level of more than 2.6 times the upper limit of
the normal range, a total bilirubin level of more than two
times the upper limit of the normal range, moderate or severe
anorexia, one or more vomitings per day or four or more bowel
movements per day.

FoLLOW-UP

All the patients were evaluated every 4 months for the first
2 years after surgery and every 6 months for the next 3 years.
The evaluation included a physical examination, a complete
blood count, blood chemical tests, serum tumor markers, chest
roentgenography, and abdominal ultrasonography or computed
tomography. A pelvic computed tomography was performed
every 6 months. In addition, patients receiving uracil-tegafur
had a physical examination, a complete blood count and blood
chemical tests every month during the first year.

STATISTICAL ANALYSIS

The sample size was calculated by the method of Schoenfeld
and Richter. The study was designed to detect a hazard ratio for
relapse or death of 0.67 in the uracil-tegafur group compared
with the control group with 80% power at a two-sided a-level

of 0.05. Assuming a 5-year relapse-free survival rate of 50% in -

the surgery-alone group, a 2-year accrual period and a 5-year
follow-up, the targeted sample size was 400. In April 2000, the
accrual period was extended to 5 years based on the actual
accrual rate.

Interim analysis was planned 2 years after accrual termina-
tion. Early termination would be considered at the time of the
interim analysis if the one-sided P-value of the log-rank test
for the primary endpoint was below 0.005, according to the
Lan-DeMets spending function method.

Relapse-free survival was defined as the time from surgery
until the appearance of the first recurrence of cancer, or
death from any cause, and overall survival was defined as
the time from surgery until death from any cause. All com-
parisons between the treatment groups were made on the
intention-to-treat principle. Survival curves were estimated
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by the Kaplan—-Meier method, and differences in survival
were evaluated with the log-rank test.

RESULTS
ACCRUAL AND INTERIM ANALYSIS

From October 1996 to April 2001, 276 patients were enrolled
and randomly assigned to one of the two treatment groups
(Fig. 1). The study group decided to stop recruitment in
April 2001, because a rapid, further enrollment could not be
expected and evaluation of the treatment would be possible
through a meta-analysis including the data obtained from
this study and existing data (17,18,21). Planned interim
analysis was conducted by the data and safety monitoring
committee on 13 December 2003. Sufficient results favoring
the treatment arm caused the committee to recommend a
prompt disclosure of the results. This report is based on
the results presented to the data and safety monitoring
commiittee.

PATIENT POPULATION

Of the 276 enrolled patients 2 (one in each group) proved to
be ineligible so that data from 274 patients (139 in the uracil-
tegafur group and 135 in the surgery-alone group) were
included in the analysis (Fig. 1). The characteristics of the
patients are shown in Table 1 and were well balanced in the
two groups.

QUALITY OF SURGERY

The quality of the surgical procedures (Table 2) was similar
in both groups. All patients underwent at least mesorectal
excision. Extended lateral pelvic lymph node dissection was
added in 38% of the patients, most of whom had a tumor

[ 276 patients randomized [

I 136 assigned surgery I
I 1 excluded (ineligible _,{ 1 excluded (ineligible]
due to double cancers) dus to double cancers)

] 135 received surgery I

I 140 assigned uracil-tegafur |

137 received uracil-tegafur
2 did not receive uracil-tegafur

139 followed up
139 analyzed

Figure 1. Study profile.

135 followed up

135 analyzed
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240 Uracil-tegafur for state I rectal cancer

Table 1. Characteristics of the patients

Table 3. Adverse events

Uracil-tegafur Surgery alone

Number of patients 139 135
Age (years, mean [range]) 58 (32-75) 57 (30-75)
Sex
Female 56 53
Male 83 82
Location of the center of the tumor
Below the promontrium 43 39
Below the lower edge of the 39 43
second sacral bone
Below the rectouterine fossa or 57 53
rectovesical fossa
Pathological tumor stage™
Ti 8 il
T2 ' 21 16
T3 : 94 : 90
T4 16 18
Pathological nodal stage*
N1 88 89
N2 22 22
N3 29 24
Positive lateral pelvic lymph node Il 7
Type of resection
Anterior resection 113 109
Hartmann operation 1 0
Abdominoperineal resection 24 25
Other 1 1

*The 1997 TNM Classification of malignant tumors (International Union
Against Cancer).

Table 2. Quality of surgery

Uracil-tegafur Surgery alone

Number of patients 139 135
Lymph node dissection
Mesorectal excision 89 81
Mesorectal excision plus extended 50 54

lateral pelvic lymphadenectomy
Distal margin of the mesorectum

2-4 cm 7 2
=4 cm or total mesorectal excision 132 133

Distal margin of the bowel (cm)

Median (range) 3 (0.3-10.5) 3.5 (0.5-8)
Number of resected lymph nodes
Median (range) 21 (1-80) 20 (2-108)

locating below the rectovesical fossa or rectouterine
fossa. Distal margins of the mesorectum and rectum were suff-
icient in both groups. Anal, oral and radial margins were
microscopically negative in all the patients. More than

Adverse event Uracil- Surgery
tegafur alone Grade
Grade of of Toxicity*
Toxicity*

2 3 4 2 3 4

% of patients

Leukopenia 5 0 0 t 0 0
Thrombocytopenia L 0 0 0 0 ¢
Anemia 4 0 O 2 0 0
Increase in bilirubin st 9 0 17 2 0
Increase in aspartate aminotransferase 4 2 0 2 0 0
Increase in alanine aminotransferase 10 3 0 6 1 0
Anorexia 7 1 0 { 1 0
Nausea or vomiting 3 1 0 1 I 0
Diarrhea 5 1 0 1 1 i
Skin eruption S 6 1 0 0 0 0
Alopecia 0 0 0 0 0 0

*Adverse events were graded according to the toxicity criteria of the Japan
Clinical Oncology Group, which consists of the Common Toxicity Criteria
of the National Cancer Institute with minor modifications. Grades range
from O (none) to 5 (fatal).

12 lymph nodes were resected in 80% of the patients. The
rate of positive lateral pelvic lymph node metastasis was
17% (18/104) in the patients who underwent extended lateral
pelvic lymph node dissection.

ADVERSE EVENTS AND COMPLIANCE

Of the 139 patients assigned to the uracil-tegafur group,
137 actually took uracil-tegafur and two withdrew from the
trial before drug administration (Fig. 1). Moderate (grade 2)
and severe (grade 3) events were observed in 65 and 17% of
the patients in the uracil-tegafur group and in 39 and 4% of the
patients in the surgery-alone group, respectively. Observed
adverse events are listed in Table 3. A life-threatening
(grade 4) event occurred only in one patient in the surgery-
alone group. There was no fatal event.

Compliance with instructions to take uracil-tegafur was cal-
culated on the basis of the number of patients who actually
took uracil-tegafur and the number of patients who were
assigned to it, excluding those with a recurrence and those
who died. The rate of compliance, with or without dose reduc-
tion, was 93% at 3 months, 88% at 6 months, 83% at 9 months
and 80% at 12 months. The reasons for discontinuation of
uracil-tegafur were a cancer recurrence (18 patients), an
adverse event (8 patients), patient withdrawal due to adverse
events (10 patients) and patient withdrawal due to other causes
(4 patients).

RELAPSE-FREE SURVIVAL

The median follow-up among surviving patients was 3.0 years.
At the last follow-up, 32 patients in the uracil-tegafur group
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and 53 in the surgery-alone group had recurrence or had died
(Table 4). The 3-year estimate. of relapse-free survival for the
uracil-tegafur group was 78% (95% CI 71-86%). That for the
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Table 4, Pattern of the first recurrence

241

Uracil-tegafur

Surgery alone

surgery-alone group was 60% (95% CI 51-69%) (Fig. 2).  Number of patients 139 135
Patients receiving uracil-tegafur had significantly better  Local alone 6 (4%) 9 (7%)
relapse-free survival than those undergoing surgery alone Anastomotic recurrence 3 4
(P = 0.0014). The hazard ratio for any recurrence in the Pelvic recurrence 3 5
uracil-tegafur group as compared with the surgery-alone  pigant alone 23 (17%) 39 (29%)
group was 0. 52 (95% CI 0. 33-0. 81). Liver metastasis 1 21
Lung metastasis 7 15
OVERALL SURVIVAL Liver and lung metastases 1 0
At the last follow-up, 12 patients in the uracil-tegafur group Others 4 3
and 27 in the surgery-alone group had died. The 3-year estim-  Local plus distant recurrences 2 4
ate of overall survival for the uracil-tegafur group was 91%  Death from other diseases 1 1
(95% CI 86~97%). That for the surgery-alone group was 81%  Overall events 32 (23%) 53 (39%)
(95% CI 73-88%) (Fig. 2). Thus patients with uracil-tegafur
A 1001
3 .
< 80 Uracil-tegafur
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a °U1 e YR
_§ Surgery alone
g 40
o.
S
& 20
-0 T T 1 T T T
0 1 2 3 4 5 6
Numbers at risk Years after surgery
Uracil-tegafur 139 123 93 60 34 11
Surgery alone 135 104 74 47 30 9
B 100 Uracil-tegafur
M,
~ 80 T e -
o\o [ PR t
2 607
£ Surgery alone
?
3 40
2
(o]
207
0 4 1 1 1 ] T ]
0 1 2 3 4 5 6
Years after surgery
Numbers at risk
Uraciltegafur 139 137 107 70 46 14
Surgery alone 135 131 104 64 40 1

Figure 2. (A) Kaplan-Meier estimates of relapse-free survival. (B) Kaplan-Meier Estimates of overall Survival. At 3 years, the rate of relapse-free survival was
78% in the uracil-tegafur group and 60% in the surgery-alone group (P = 0.0014). The rate of overall survival was 91% in the uracil-tegafur group and 81% in

the surgery-alone group (P = 0.0048).
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242 Uracil-tegafur for state Il rectal cancer

had significantly better overall survival than those with surgery
alone (P = 0.0048). The hazard ratio for death in the uracil-
tegafur group compared with the control group was 0.42 (95%
CI 0. 21-0.83).

PATTERN OF RECURRENCE

Details of the pattern of first recurrence are shown in Table 4.
At the last follow-up, the rates of overall local recurrence were
5.8% (8/139) for the uracil-tegafur group and 9.6% (13/135)
for the surgery-alone group. Adjuvant uracil-tegafur reduced
the rates of distant metastases. The rates of overall distant
metastases were 18% (25/139) for the uracil-tegafur group
and 32% (43/135) for the surgery-alone group. Liver and/or
lung metastases composed the majority of distant metastases in
both treatment groups.

DISCUSSION

This trial demonstrated the efficacy of postoperative adjuvant
chemotherapy with uracil-tegafur after standardized mesorec-
tal excision with selective lateral pelvic lymphadenectomy in
pathological stage III rectal cancer. At the planned interim
analysis, we found that the 3-year estimate of both relapse-
free survival (78%) and overall survival (91%) of the uracil-
tegafur group were significantly better than the surgery-alone
group (60 and 81%, respectively). The data and safety mon-
itoring committee concluded that the results confirmed the
findings of previous studies (17,18) and a recent meta-analysis
(21) which showed the effectiveness of uracil-tegafur for
rectal cancer.

Rates of local recurrence have been reported to be 20-36% in
series of non-standardized, conventional surgery for stage Il
rectal cancer, with a follow-up of 5 years (3,7,8). For experi-
enced surgeons in mesorectal excision, however, they are 7.5—
12% (22,23). At a median follow-up of 3 years, the local
recurrence rate was 9.6% in the surgery-alone group of our
trial. Although comparisons of such figures should be inter-
preted cautiously, this shows that a standardized mesorectal
excision with selective lateral pelvic lymphadenectomy may
achieve good results even in a multicenter setting. Moreover, it
may possibly be better than the 2-year local recurrence rate
of 8.2% in the mesorectal-excision-alone group of the Dutch
trial (6), considering that 56% of patients of the Dutch trial
had stage 0-II tumors (6).

Lateral pelvic lymph node metastases from rectal cancer
occur outside the mesorectum and appear to account for a
major cause of local recurrence. The incidence of lateral pelvic
lymph node metastases was reported to be 9-14% (14,15). If
the patients have such metastases and undergo only mesorectal
excision, the patients have apparent residual tumor in case of
recognizable metastases or develop local recurrence after
seemingly curative surgery in unrecognizable metastasis
cases. Extended lateral pelvic lymph node dissection is a sur-
gical procedure to resect such macroscopic or microscopic
metastases (5,14,15). Therefore, this procedure potentially

has a similar local-control effect to adjuvant radiotherapy.
Whether lateral dissection can be an alternative to radiotherapy
should be tested in a randomized controlled trial assessing
local control, survival, mortality and morbidity. To conduct
such trials, accuracy for detection of lateral pelvic metastases
may be a problem. Indeed, in our trial, only 17% of the patients
who underwent lateral dissection actually had lateral meta-
stases. To avoid such over-treatment, an accurate diagnostic
modality detecting metastasis is necessary.

Between 1990 and 1994, the JSCCR registered 25224
patients with colorectal cancer. (24) Among them, 2789
patients had curative resection of stage III rectal cancer and
their 3-year overall survival rate was 75% (24). In the surgery-
alone group of our trial, the 3-year overall survival was 81%.
Introduction of revised guidelines, standardized surgical pro-
cedures assured by precise documentation and participation
of colorectal specialists from high-volume centers may have
contributed to this improvement. Quality of surgery is already
known as an independent prognostic factor for survival in rectal
cancer (1,2), and case volume per surgeon also influences the
outcome (3,25).

However, the quality of surgery has no influence on the
initial occurrence of distant metastases (1). Even when
better-quality surgery reduces local recurrence, occult distant
metastases necessitate further treatment to improve survival.
We found that, in addition to the efficacy of mesorectal
excision with selective lateral pelvic lymphadenectomy,
uracil-tegafur further decreased the rate of local recutrence
from 9.6 to 5.8%. The rate of distant metastasis was almost
halved from 32 to 18%, including a substantial reduction in
the rates of liver and lung metastases. Uracil-tegafur appears
to improve survival mainly through reduction of distant
metastases when applied along with such operations.

The recent meta-analysis assessing randomized controlled
trials using oral fluorouracil-based adjuvant chemotherapy for
stage I-III colorectal cancer revealed that 1-year chemotherapy
reduced the risk of death by 11% (P = 0.04) and the risk of
recurrence or death by 15% (P < 0.001) as compared with
surgery alone (21). However, of the three previous randomized
trials that compared uracil-tegafur adjuvant therapy with sur-
gery alone in rectal cancer, two revealed significantly
improved relapse-free survivals, but none demonstrated an
advantage in overall survival (17,18). In these trials, eligible
stages were [-III, the dosage of tegafur was 400 mg per day, the
compliance was 48-70% and local recurrence rates in surgery-
alone group were 19-34% (17,18,21). The significantly better
relapse-free and overall survivals in our uracil-tegafur group
may be attributable to a selection of stage I patients, a higher
dosage of 600 mg per day; better compliance and better quality
of surgery. In the meta-analysis, hazard reduction was more
marked in early-stage disease (21). In contrast, our results
show that a higher dosage may also be effective for

. advanced-stage disease.

We found that 1-year treatment with uracil-tegafur was safe
and well tolerated. Grade 3 events occurred in 16.5% of
the patients and consisted mainly of increases in bilirubin
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and aminotransferases. No grade 4 or grade 5 events were
“observed. Previous colon cancer adjuvant trials showed that
the overall incidences of grade 3 or more events in patients
treated with different regimens were 38% or more for fluor-
ouracil plus folinic acid (26,27), 38% for uracil-tegafur plus
folinic acid (27), 30% for capecitabine (26) and more than 41%
for oxaliplatin with fluorouracil plus folinic acid (28). The
most frequent events included neutropenia, diarrhea, vomiting
and hand-foot syndrome. Therefore, the safety profile of
uracil-tegafur compares favorably with those of the previous
regimens. Consequently, 80% of our patients completed 1 year
of treatment, including dose modification.- A study using a
therapy preference questionnaire demonstrated that, after
having experienced both oral and intravenous fluorouracil
regimens, most patients preferred an oral regimen (29). The
most important reasons for their preference included the con-
venience of taking the medication at home, less stomatitis and
diarrhea, and preference of pills over injections (29). In addi-
tion, we should mention that uracil-tegafur is less expensive
than the other regimens in this country, where medical costs
are becoming an increasingly important issue.

Thus the most significant findings of our trial can be sum-
marized as follows. Peroral monotherapy using uracil-tegafur
achieved survival prolongation of stage Il rectal cancer
patients, without an addition of any other active agents, includ-
ing folinic acid. This makes it possible to provide less toxic,
yet effective, and convenient adjuvant chemotherapy for such
patients.

However, several issues may limit the wider applicability of
our findings. The numbers of patients recruited were smaller
than those of recent rectal cancer adjuvant trials (6,7), although
our trial was aimed solely at stage III tumor. The median
follow-up time of our study was only 3 years, though dis-
ease-free survival with 3-year follow-up is suggested to be
an appropriate primary endpoint to replace overall survival
with 5-year follow-up (30). We used mesorectal excision
with selective lateral pelvic lymphadenectomy that is a stand-
ard treatment only in Japan, and did not use mesorectal
excision with radiotherapy, a world-standard combination.
We could not use fluorouracil plus folinic acid, a standard
adjuvant chemotherapy for stage III colon cancer, and neither
the recently reported effective regimens including capecitabine
and oxaliplatin (26-28). While the standard adjuvant chemo-
therapy course for colorectal cancer is 6 months (26-28), we
opted for chemotherapy of 1 year. Therefore, the appropriate-
ness of our approach should be tested further through com-
parison with recent standard adjuvant radiotherapy and
chemotherapy.

In conclusion, radiotherapy has been considered to be stand-
ard adjuvant therapy worldwide for stage IIf rectal cancer. The
present study indicates that uracil-tegafur treatment improves
relapse-free survival and overall survival after mesorectal
excision with selective lateral pelvic lymphadenectomy.
This approach may become one of the treatment options for
stage IIl rectal cancer and may deserve comparison with other
treatment approaches.
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Clinicopathological significance of microscopic abscess
formation at the invasive margin of advanced low rectal cancer
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Background: The aim of this study was to evaluate the clinicopathological significance of microscopic
abscess formation (MAF) at the invasive front of advanced low rectal cancer. .

Methods: The clinicopathological features of 226 consecutive patients with low rectal cancer, who
underwent curative resection between May 1997 and December 2002, were analysed.

Results: Fifty-seven (25-2 per cent) of the 226 tumours had MAF and 169 (74-8 per cent) did not.
Patients with tumours showing MAF were more likely to have extended surgery than those without
MAPF: 47 versus 31-4 per cent respectively underwent non-sphincter-preserving surgery (P = 0-029)
and 82 versus 60-9 per cent underwent lateral lymph node dissection (P = 0.003). The incidence
of lymph node metastases was lower in patients with MAF (30 versus 53.3 per cent; P = 0-002).
Univariable analysis of disease-free survival revealed that depth of invasion (P < 0-001), lymph node status
(P < 0-001), histological type (P = 0-035), lymphadc invasion (P < 0-001), venous invasion (P < 0-001),
perineural invasion (P < 0-001), focal dedifferentiation (P < 0-001) and MAF (P < 0-001) were significant
progunostic factors. Multivariable analysis showed that lymph node status (P < 0-001), perineural invasion
(P = 0-002), venous invasion (P = 0-033) and MAF (P = 0-012) remained independent prognostic factors.
Conclusion: MAF may reflect indolent tumour behaviour and a more favourable outcome in patients
with advanced low rectal cancer.

Paper accepted 30 October 2006
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Introduction difficult to diagnose the extent of tumour invasion before

surgery'®=12. There have been few previous reports on
the clinicopathological significance of MAF in low rectal
cancer'3. The aim of this prospective study was to clarify
the significance of MAF in low rectal cancer.

In Japan, the incidence of colorectal cancer has been
increasing, reflecing the trend in Western countries.
Colorectal cancer has becomne the most common cause of
cancer death in women and the fourth most common cause
in men!. Even after curative resection, there is a risk of

recurrence within 5 years of inital diagnosis. In addition to
the tumour node metastasis (TNM) classification?, various
attempts have been made to derive prognostc indicators
based on conventional histopathological features’~7. Focal
dedifferendation and perineural invasion have been
described as significant prognostic factors in colorectal
cancer®?.

Microscopic abscess formation (MAF) due to neutrophil
infiltration is one of the characteristic features of colorectal
cancer. The presence of MAF and accompanying fibrosis
at the invasive margin of the tumour sometimes make it

Copyright © 2006 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Led

Patients and methods

Between May 1997 and December 2002, a series of 283
consecutive patients underwent curative surgery for rectal
cancer located at or below the peritoneal reflection, at the
National Cancer Centre Hospital, Tokyo. Of these, 53
patients with pT1 tumour were excluded. Four patients
who had previous pelvic surgery for cancer (bladder
cancer in two and rectosigmoid cancer in two) were also
excluded. Consequently, 226 patients who had pathological
(p)T2 or deeper tumour invasion according to the TINM
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classification were eligible for this study. They comprised
151 men (66-8 percent) and 75 women (33-2 per cent)
with 2 mean age of 59 (range 27-91) years. In this
study, the lateral pelvic lymph nodes were regarded as
regional nodes according to the Japanese Classification
of Colorectal Carcinoma'?, although lateral pelvic lymph
node metastases are regarded as distant metastases in the
TNM classification system?.

All patients were evaluated before surgery by total
colonoscopy, barium enema and computed tomography
(CT). None of the patients underwent preoperative
_radiotherapy and/or chemotherapy. One hundred and
forty-six patients had sphincter-preserving surgery, 67
had abdominoperineal resection and 13 needed total
pelvic exenteration. Patients with stage II or III tumours
underwent lateral lymph node dissection based on the
preoperative or intraoperative findings. Lateral lymph node
dissection was performed bilaterally in 107 patients and
unilaterally in 43. Median follow-up was 50 (range 1-98)
months.

Histopathological examination

The resected tissue specimens were subjected to con-
ventional processing. Histological sections containing the
deepest site of cancer invasion were stained with haema-
toxylin and eosin, and were reviewed by three pathologists
who had no previous knowledge of the clinical para-
meters and outcomes for each patient. All discrepancies
were resolved by joint review. Focal dedifferentiation was
defined as the presence of a polygonal (not columnar) can-
cer cell morphology that had a single or a solitary trabecular
form with indistinct polarity and an infiltrative pattern at
the invasive front®. MAF was judged to be present when
liquefied masses formed by debris and leucocytes, mainly
neutrophils, were evident at the invasive margin of the
tumour in the section containing the deepest site of cancer
invasion (Fig. 1).

Statistical analysis

Comparisons between groups were performed using the
¥? test. Deaths from causes other than rectal cancer were
treated as censored cases. Survival curves were traced
using the Kaplan—-Meier method and differences between
curves were tested using the log rank test. The prognostic
significance of selected factors to disease-free survival was
evaluated using the Cox proportional hazards regression
model. P < 0-050 was considered statistically significant.
All statistical calculations were made using SPSS® version
11.0 computer software (SPSS, Chicago, Illinois, USA).
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a MAF, x 20 magnification
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b MAF, x 400 magnification

Fig. 1 a Microscopic abscess formation (MAF) was usually found
at the invasive margin of the tumour (arrows). b MAF was formed
by debris and leucocytes, mainly neutrophils (haematoxylin and
eosin stain, original magnification a x 20, b x 400)

Resulis

Of the 226 tumours, 57 (25-2 per cent) had MAF and
169 (74-8 per cent) did not. MAF was usually found at
the invasive margin of the tumour. The mean size of
microscopic abscesses was 2-2 (range 0-4~13-0) mm. The
clinical characteristics of the 226 patients in relation to
MAF are shown in Table 1. There was no significant
difference in the distance from the dentate line to
tumours with or without MAF. Patients with turnours
showing MAF were more likely to need extended surgery
than those without; 47 wversus 31-4 per cent respectively
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Table 1 Clinical characteristics of 226 patients who had resection
of rectal cancer

Age (years) 0-193
<60 : 114 © 81479 33 (58)
>60 112 88 (52-1) 24 (42)
Sex 0978
M 151 113(669) - 38(67)
F 75 56 (33-1) 19 (33) )
Level of CEA 0-388
(ng/mi) :
<5 157 120 (71.0) 37 (85)
=5 69 49 (29.0) 20 (35)
Tumour distance 0.068
from DL (cm)
<3 141 100 (69-2) 41 (72)
>3 85 69 (40-8) 16 (28) .
Surgical procedure 0-029
SPS . 146 116 (68-6) 30 (53)
Non-SPS 80 53 (31-4) 27 (47)
Lateral lymph node 0-003
dissection
No 76 66 (39-1) 10 (18)
Yes 150 103 (60-9) 47 (82)
TNM classification : 0.002%
Stage | 59 43 (25-4) 16 (28)
Stage Il 60 36 (21-3) 24 (42)
Stage Il 107 90 (53-3) 17 (30)

Values in parentheses are percentages. CEA, carcinoembryonic antigen;
DL, dentate line; SPS, sphincter-preserving surgery; TNM, umour node
metastasis. *x? test; fstage I and IT versus stage II1.

underwent non-sphincter-preserving surgery (P = 0-029)
and 82 wersus 60-9 per cent had lateral lymph node
dissection (P = 0-003). However, the proportion of stage
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I tumours in the MAF proup was lower than that
in the non-MAF group (30 versus 53-3 percent; P =
0-002).

There were few histological differences in the
226 tumours in reladon to MAF (Table 2)." Five
patients had a pT4 tumour, but only one of these
had MAF. MAF rates were lower in tumours with
lymph node metastases, focal dedifferentiation and

Table 2 Histological characteristics of 226 rectal tumours in
reladion to microscopic abscess formation

Depth of invasion (pT) 0-549
pT2 86 66 (38-1) 20(35)
pT3orpT4 140 103 (60-9) 37 (65)

Lymph node status (pN) 0-002
Negative 119 79 (46-7)  40(70)

Positive 107 90 (53:3) 17 (30)

Histological type . 0-796
Well differentiated 84 62 {36.7) 22 {39)

Non-well differentiated 142 107 (63-3) 35 (61)

Lymphatic invasion 0.013
No 135 93 (55-0) 42 (74)

Yes . 91 76 (45.0) 15 (26)

Venous invasion 0-146
No 120 85 (50-3) 35 (61)

Yes 106 - 84(49.7) 22(39)

Perineural invasion 0-184
No 185 185(79-9) 50 (88)

Yes 41 34 (20-1) 7(12)

Focal dedifferentiation 0-003
No 150 103 (60-9) 47 (82)

Yes 76 66 (39-1) 10(18)

Values in parentheses are percentages. *x? test.

Table 3 Univariable and multivariable analysis of disease-free survival using the Cox proportional hazards regression model in 226

patents with rectal cancer

Surgical procedure (SPS versus non-SPS)

{ateral lymph node dissection (no versus yes)

Depth of invasion {pT2 versus pT3/4)

Lymph node status (pNO versus pN1/2)

Histological type (well versus non-well differentiated)
Lymphatic invasion (no versus yes)

Venous invasion {no versus yes)

Perineural invasion {no versus yes)

Focal dedifferentiation (no versus yes)

Microscopic abscess formation (yes versus no)

0-232 0157

0-429 0-736
<0-001 0.371
<0-001 4.84 (2.27,10.31) < 0-001

0.035 0-779
<0-001 : 0.288
<0-001 1.84 (1.0, 3-21) 0-033
<0-001 2.35 (136, 4-07) 0-002
<0-001 1.64 (0-98, 2.75) 0.058
<0-001 4.48 (1.38, 10:47) 0-012

Values in parentheses are 95 per cent confidence intervals. SPS, sphincter-preserving surgery *x? test; TCox regression.
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Fig. 2 Disease-free survival curves in relation to microscopic
abscess formation (MAF). P < 0-001 (log rank test)

lymphatic invasion (P = 0-002, P = 0-003 and P = 0-013
respectively).

The 3- and S-year disease-free survival rates were
both 95 per cent for patients with MAF, and 68-8 and
62-6 per cent respectively for patients without MAF
(Fig. 2). Patients with tumours showing MAF had
significantly better disease-free survival (P < 0-001).
Univariable analysis showed that depth of invasion
(P < 0-001), lymph node status (P < 0-001), histological
type (P = 0-035), lymphatic invasion (P < 0-001), venous
invasion (P < 0-001), perineural invasion (P < 0-001), focal
dedifferentiation (P < 0-001) and MAF (P < 0-001) were
significant prognostic indicators of disease-free survival.
In multivariable analysis lymph node status (P < 0-001),
perineural invasion (P = 0-002), venous invasion (P =
0-033) and MAF (P =0-012) remained independent
prognostic factors (Table 3).

Biscussion

Microscopic abscesses formed by neutrophil infiltration at
the invasive margin are one of the interesting features of
colorectal cancer. Although it has not been clear why a local
inflammatory response is common, it is conceivable that
various amounts of bacteria in the colorectal lumen could
be the cause. Despite its unique nature, there have been few
previous reports about the clinicopathological significance
of MAF in colorectal cancer!?. In the present study patients
with pT2 or deeper tumour invasion were selected, and
MAF was found to be one of the independent factors

Copyright © 2006 British Journal of Surgery Society Ltd
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indicative of a favourable outcome after curative resection
for low rectal cancer. Because the operative methods in
this series included various types of surgical procedure and
lymph node dissection, multivariable analysis including
these operative methods was used to confirm that MAF
was an independent prognostic factor. In fact, lymph node
metastases were found more often in patients without
tumours showing MAF than in those with. The presence
of MAF is easily judged by conventional haemotoxylin and
eosin staining, and does not require special staining such
as in immunohistochemistry. MAF could be evaluated as a
prognostic indicator in each patient with colorectal cancer.

The ability to invade and metastasize is dependent on
both the intrinsic characteristics of the tumour cells and
the environment surrounding a tumour'®. There have
been many reports about prognostic indicators that are
based on tumour morphology, such as neurovascular
invasion and tumour budding*~?. However, there are
few data on prognostic indicators related to the stroma
surrounding a tamour. Inflammation is one of the factors
associated with the peritumoral environment, although
the functional relationship between inflanmation and
cancer is complex and controversial!%. In previous studies,
infiltration by leucocytes at the margin between the
tumour and non-cancerous tissue has been associated
with a favourable prognosis in gastwic and colorectal
cancer’’=30. Tt is suggested thar polymorphonuclear
neutrophils play a key role in cytokine-induced mumour
rejection, often in cooperation with T lymphocytes?!:22.
High levels of neutrophil and/or monocyte infiltration can
be associated with cytotoxicity, angiostasis and tumour
regression'”. The present study demonstrated a significant
association between MAF and possible prognoste factors
inchading lymph node status, lymphatic invasion and focal
dedifferentiation. Moreover, irrespective of the operative
method, MAF was a useful indicator of a favourable
prognosis after curative surgery. Thus, MAF at the
invasive margin of a tumour could represent a defensive
immunoinflammatory mechanism.

In contrast, it is well known that chronic inflammation
can have powerful effects on tumour development!-20-23,
The strongest association between chronic inflammation
and malignancy is found in inflammatory bowel disease.
There are reports that a preoperative systemic inflamma-
tory response, evidenced by raised C-reactive protein levels
or an increased neutrophil-to-lymphocyte ratio, predicts a
poor prognosis in patients with colorectal cancer?*25,

Although the clinical relevance of MAF is minimal, its
presence can sometimes make it difficult to assess the extent
of tumour invasion both before and during surgery!®-12,
Surrounding fibrosis can be difficult to distinguish from

www.bjs.co.uk
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tumour invasion on CT or magnetic resonance imaging,
and the depth of invasion may be overestimated. The
degree of tumour invasion is a critical factor in determining
whether sphincter-saving surgery is feasible, and in the
present study patients whose tumours showed MAF
underwent more extended surgery, although they actually
had less invasive tumours than those without MAF.
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