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Abstract

Background A diverting stoma (DS) has been constructed
for many patients with low anterior resection (LAR), but it
is still controversial whether DS can prevent anastomotic
leakages. The aim of this study was to investigate the risk
factors of anastomotic leakage including DS construction,
and to evaluate the clinical course affected by DS according
to the necessity of urgent abdominal reoperation for
anastomotic leakage.
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Patients and methods This was a retrospective analysis of
329 middle or lower rectal cancer patients who underwent
LAR with mechanical reconstruction using circular staplers.
Clinical data were collected from five cancer centers in
Japan.

Results The overall anastomotic leakage rate was 10.0% (33
of 329). We experienced one mortality in this series (0.3%; 1/
329). Clinical factors associated with DS construction
included tumor location, operation time, intraoperative bleed-
ing, lateral lymph node dissection, simultaneous resection of
other organs, and the level of anastomosis, respectively.

On univariate analysis, high ligation of the inferior
mesenteric artery had a significantly high leakage rate, but
not on multivariate analysis. DS construction had no
connection with the overall leakage rate. Concerning the
clinical course affected by DS, the frequency of urgent
reoperation was significantly increased in patients without
DS compared with those with DS, 11.1% and 54.2%,
respectively (p=0.04).

- Conclusions LAR was the safe and preferred option for

7

rectal cancer patients with very low mortality and an
acceptable leakage rate. DS did not have a relationship
with overall anastomotic leakage, but did seem to mitigate
its consequences and reduce the requirement for urgent
abdominal reoperation.

Keywords Rectal cancer- Anastomotic leakage - Diverting
stoma - Defunctioning stoma - Low anterior resection
Introduction

Anastomotic leakage is a major problem in rectal cancer

surgery, because a sphincter-preserving operation has
become standard for many rectal cancer patients. A
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temporary diverting stoma {DS) has been constructed for
many patients in low anterior resection (LAR). But the
indication of DS construction for patients without intra-
operative adverse events has not been clarified for a long
time. Theoretically, DS was constructed to divert the fecal
stream from anastomotic sites, and to protect fragile
anastomotic sites. But it remains unproven whether divert-
ing the fecal stream in itself directly prevents leakage.
Several retrospective studies showed that the absence of DS
was a risk factor for leakage in LAR, whereas others did
not. Therefore, it is controversial whether DS can prevent
anastomotic leakage. Although recent randomized studies
[1, 2] and meta-analyses [3, 4] have shown that DS reduced
the incidence of symptomatic leakage in LAR for rectal
cancer, there is still limited evidence as to the impact of DS
on leakage. Moreover, there have been few analyses about
this issue in multicenter studies with a large number of
patients from Japan.

The aim of this study was to investigate the risk
factors of anastomotic leakage including DS construc-
tion, and to evaluate the clinical course affected by DS
according to the necessity of urgent abdominal reopera-
tion for such leakage using data collected from five
cancer centers in Japan.

Patients and method
Patients

We reviewed the clinical data from five cancer centers in
Japan which participated in the “Studies on the standard-
ization for diagnosis, treatment, and follow-up of colorectal
cancer patients”, sponsored by Grant-in-Aid 18-2 for
Cancer Research from the Ministry of Health, Welfare and
Labor of Japan. All data on patient demographics,
comorbidities, and the histological results were investigated
retrospectively from the clinical records of each hospital.

From 2002 to 2004, a total of 329 consecutive patients
with primary rectal cancer underwent LAR, and were
investigated in this series. LAR was performed on patients
with middle or lower rectal cancer, and reconstructions
were done using circular staplers. Coloanal anastomosis
using the hand-sewn technique was excluded from this
study. Patients with subtotal colectomy, total proctocolec-
tomy, abdominoperineal resection, Hartmann's procedure,
or with pull-through procedures were also excluded.

Surgical procedure
The inferior mesenteric artery (IMA) was divided either

at its origin or below the origin of the left colic artery

‘_Z_ Springer

78

(LCA). High ligation of IMA was defined as dividing
IMA at its origin, while low ligation was defined as
dividing IMA below the origin of LCA. For oncological
lymph node dissection, we classify regional lymph nodes
into three groups: perirectal, intermediate, and main
lymph nodes. Perirectal nodes are lymph nodes in the
mesorectumn along the superior rectal artery. Intermediate
nodes are lymph nodes along IMA between the origin of
the left colic artery and the origin of the terminal
sigmoid artery. Main nodes mean the lymph nodes along
the IMA proximal to the origin of the LCA [5]. Lymph
node dissection for UICC stage I is complete dissection of
perirectal and intermediate lymph nodes, that js, low
ligation without lymph node dissection around the root of
IMA. Lymph node dissection for stage II, III, and IV is
complete dissection of all regional lymph nodes, that is,
high or low ligation with lymph node dissection around
the root of IMA [6].

After total mesorectal excision or tumor-specific meso-
rectal excision [7], we performed rectal irrigation, while
clamping the anal side of the tumor. The rectum was then
divided transversely or vertically [8]. After that, we usually
added lateral lymph node dissection for patients diagnosed
with stage II, III, and IV [9]. Although the extent of
lymphadenectomy for stage IV is still debatable, in the case
that every distant metastasis (stage IV) was resectable, we
perform full lymph node dissection.

Reconstruction was done using a circular stapler. Most
anastomoses were straight, and colonic J pouch or
transverse coloplasty pouch was sometimes used at the
discretion of the operating surgeon. Intraoperative leak-
age test by transanal instillation of fluid or air was
performed depending on the surgeon. Pelvic drain was
used routinely.

Indication of DS construction

No clear applicable criteria for DS construction were
stipulated in the present study. The DS construction
decision was made by the individual surgeon in each
case.

Definition of anastomotic leakage

Anastomotic leakage was defined clinically by the presence
of the following: discharge of gas, pus, or feces from the
drain or wound; discharge of pus per rectum; or rectova-
ginal fistula. All clinically suspicious anastomotic leakages
were confirmed by one or more of the following image
diagnoses: contrast study; CT scan; rectoscopy. If these
cases were proven not to show anastomotic insufficiency by
these imaging studies, they were defined as pelvic abscess



Int J Colorectal Dis (2011) 26:79-87

81

and not as anastomotic leakage. We did not perform routine
diagnostic imaging after LAR to detect anastomotic
dehiscence in clinically stable patients.

Variables analyzed

Variables included in this analysis were age, gender,
body mass index (BMI), bowel obstruction, tumor
location, tumor invasion, adjuvant therapy, level of
IMA ligation, lateral lymph node dissection, type of
anastomosis (single stapling technique, SST; or double
stapling technique, DST), pouch surgery, intraoperative
blood loss, operating time, DS construction, synchronous
resections of other organs (hepatectomies for simulta-
neous liver metastasis or extended surgery to adherent
organs, or additional cancer resections for double
cancers), tumor size, and distal resection margin of
specimen.

Bowel obstruction was defined as stenosis preventing the
passage of a colon fiberscope. Tumor location was
classified into middle or lower rectum according to the

. main part of the tumor. Tumors in the lower rectum were
defined as those in which the main part was located below
the peritoneal reflection. Tumor location in relation to the
anal verge was preoperatively measured using rigid scope
or digital examination. Tumor invasion was classified
according to the UICC-TNM classification (6th edition
[10]) preoperatively. Tumor size and distal resection margin
were measured on the specimen before fixation with
formalin. The level of anastomosis from the anal verge
was measured with a digital examination. But due to the
retrospective nature of this study, when the data were not
available, the distance was calculated from the tumor
location and distal resection margin.

Statistical analysis

In the univariate analysis, the chi-squared test and Mann—
Whitney test were used. After univariate analysis, variables
with a p value<0.1 were selected for multivariate analysis.
A multivariate analysis was performed using a binary
logistic regression model. All p values <0.05 were
considered statistically significant.

Results
Patient characteristics
From 2002 to 2004, a total of 329 consecutive patients

underwent LAR. Patient characteristics were shown in
Table 1. One hundred and eighteen middle rectal cancer
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Table 1 Patient characteristics

Gender
Male 215
Female 114
Age(years) 59.0+10.5 (23-87)

Tumor location (cm) 6.1+1.7 (4.0-12.0)

Bowel obstruction

No 305

Yes 18

Missing 6
Tumor invasion

T1,T2 i 108

T3,T4 215

Missing 6
Neoadjuvant chemo Tx

No . 324

Yes 5
Anastomosis

SST 15

DST 314
High ligation

No 142

Yes 183

Missing 4
LLND

No 197

Yes 132

Level of anastomosis (cm) 4.1+1.4 (1.0-9.5)
598+590 (10-3723)
240+104.1 (90-620)
22.6£3.1 (14.1-31.2)

4.4+2.3 (0-12.0)

Intraoperative bleeding (ml)
Operating time (min)

BMI (k/m?)

Tumor size (cm)
Simultaneous resection

No 292

Yes 37
DS construction

No 209

Yes 120

Values are number or meanzstandard deviation (ranges)

DS diverting stoma, BMI body mass index, SST single stapling
technique, DST double stapling technique, LLND lateral lymph node
dissection :

patients and 211 low rectal cancer patients were investigat-
ed in this series. Average distance from the lower edge of
the tumor to the anal verge was 6.1 cm (4.0-12.0 cm).
Average distance from anastomosis to the anal verge was
4.1 cm (1.0-9.5 cm).

Neoadjuvant chemotherapy was performed for five
patients, but others were treated by surgery alone. Neo-
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adjuvant radiotherapy or chemoradiotherapy was not
performed in this series, because preoperative therapy for
resectable rectal cancer was not standard in Japan.

Synchronous resections included 20 extended resections
for direct invasion of adjacent organs, 13 hepatectomies for
liver metastasis, and five resections of double primary
cancers.

Morbidity and mortality

The overall rate of anastomotic leakage was 10.0% (33 of
329). We experienced only one mortality in this series
(0.3%; 1/329). This patient died from a septic complication
caused by anastomotic leakage in the case of LAR with DS
6 days after initial surgery.

Diverting stoma

A DS was constructed in 120 patients (36.5%; 120 of 329)
in initial LAR, respectively. Among the colorectal surgeons
participating in this study, ileostomy was major and chosen
for 92 (76.7%) patients, while transverse colostomy was
done for 28 (23.3%) patients.

The DS construction rate had a significant association
with tumor location. DS was constructed in only 12.7% of
middle rectal cancer patients, but in 48.3% of low rectal
cancer patients who experienced temporary stoma at initial
LAR, respectively.

Other factors found to be significantly associated with
DS construction included tumor location, operation time,
intraoperative bleeding, lateral lymph node dissection,

Table 2 Univariate analysis
of factors related with DS con-
struction

Values are number or mean=
standard deviation (ranges}
BMI body mass index, SST
single stapling technique, DST
double stapling technique,
LLND lateral lymph node dis-
section

_@_ Springer

Diverting stoma Rate p-value
DS(-) DS(+)
Gender
Male 130 85 39.5 0.11
Female 79 35 30.7
Age (years) 58.8+10.7 (23-87) 59.4£10.2 (29-75) 0.42
Tumor location (cm) 6.4x1.6 (4.0-12.0) 5.9+1.7 (4.0-12.0) 0.001
Bowel obstruction
No 195 110 36.1 0.76
Yes 11 7 38.9
Tumor invasion
TL,T2 71 37 34.6 0.50
T3,T4 133 82 38.1
Neoadjuvant chemo Tx
No 204 120 37.0 0.10
Yes 5 0 0.0
Anastomosis
SST 7 46.7 0.40
DST 201 113 36.0
High ligation
No 125 58 317 0.12
Yes 82 60 423
LLND '
No 146 51 25. <0.0001
Yes 63 69 523
Level of anastomosis (cm) 42+1.4 (1.0-9.0) 3.8+1.4 (1.0-9.5) 0.002
Intraoperative bleeding (ml) 505+524 (10-2985) 760662 (17-3723) <0.0001
Operating time (min) 231+90.6 (90-559) 318+102.7 (130-620) <0.0001
BMI (k/m?) 22.9+3.0 (14.1-31.2) 22.343.2 (15.8-30.8) 0.07
Tumor size (cm) 4442, (0-12.0) 4.4+23 (1.0-10.0) 0.97
Simultaneous resection
No 192 100 342 0.02
Yes 17 20 4.1
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simultaneous resection of other organs, and level of
anastomosis (Table 2).

Risk factors of anastomotic leakage

Clinical variables were analyzed to investigate the risk
factors for anastomotic leakage (Table 3). On univariate
analysis, LAR with high ligation of IMA had a significantly
high leakage rate (p<0.05). There were increased but
statistically insignificant impacts on leakage in males,
bowel obstruction, massive intraoperative bleeding, and

Nine (7.5%) of 120 patients with DS had leakage,
compared with 24 (11.5%) of 209 patients without DS
(p=0.25). DS construction also had no relevance to the
overall anastomotic leakage.

Risk factors of leakage limited to the LAR without
DS were also investigated. As shown in Table 4, no
obvious statistical significance was found with any

clinical factor.

A multivariate analysis of risk factors for anastomot-
ic leakage showed every factor including high ligation
of IMA construction as not statistically significant

simultaneous resection of other organs. (Table 5).
Table 3 Univariate analysis of
leakage risk factors Leakage Rate p-value
No leakage Leakage
Gender
Male 190 25 11.6 0.19
Female 106 8 0.7
Age(years) 58.8+10.6 (23-87) 61.1+10.0 (40-76) 0.20
Tumor location (cm) 6.2+1.7 (4.0-12.0) 6.5+1.7 (4.0-10.0) 0.31
Bowel obstruction
No 276 29 9.5 0.16
Yes 14 222
Tumor invasion
T1,T2 101 7 6.5 0.12
T3,T4 189 26 12.1
Neoadjuvant chemo Tx
No 291 33 10.2 0.59
Yes 5 0 0.0
Anastomosis
SST 13 2 133 0.66
DST 283 31 9.9
High ligation
No 135 4.9 0.02
Yes 157 26 14.2
LLND
No 177 20 10.1 0.93
Yes 119 13 9.8
Level of anastomosis (cm) 4.1+1.4 (1.0-9.5) 4.4x1.3 (1.9-7.0) 0.13
Intraoperative bleeding (ml) 5734559 (10-3365) 817+791 (40-3723) 0.06
Operating time (min) 261+102 (90-616) 273118 (113-620) 0.70
BMI (k/m?) 22.743.1 (14.1-31.2) 22.5+3.2 (16.1-27.0) 0.87
Tumor size (cm) 4.4£2.3 (0-12.0) 5.0+2.3 (2.0-11.0) 0.18
Simultaneous resection
Values are nL'lm'ber or meanzk No 266 26 8.9 0.06
standard deviation (ranges)
BMI body mass index, SST Yes 30 18.9
single stapling technique, DST DS construction
double stapling technique, No 185 24 115 0.25
LLND lateral lymph node dis- Yes 111 75
section
@_ Springer

81



84

Int J Colorectal Dis (2011) 26:79-87

Table 4 Univariate analysis of

leakage risk factors (without DS Leakage Rate p-value
patients)
No leakage Leakage
Gender
Male 114 16 12.3 0.63
Female 71 8 10.1
Age(years) 58.7£10.8 (23-87) 59.7+10.1 (40-76) 0.65
Tumor location (cm) 6.4+1.6(4.0-12.0) 6.3£1.6 (4.0-10.0) 0.61
Bowel obstruction
No 173 22 11.3 0.64
Yes 9 2 182
Tumor invasion
T1,T2 65 6 8.5 0.28
T3,T4 115 18 135
Neoadjuvant chemo Tx
No 180 24 11.8 0.54
Yes 5 0 0.0
Anastomosis
SST 7 12.5 0.63
DST 178 23 11.4
High ligation
No 108 17 13.6 0.47
Yes 75 7 85
LLND
No 130 16 11.0 0.72
Yes 55 8 12.7
Level of anastomosis (cm) 42+1.4 (1.0-9.0) 42+1.1(2.2-7.0) 0.89
Intraoperative bleeding (cm) 480502 (10-2985) 703650 (40-2720) 0.07
Operating time (cm) 228488 (90-552) 248+108(113-559) 0.60
Values are number or meanz BMI (I/m?) 229430 (14.1-312) 227431 (16.1-27.0) 0.82
standard deviation (ranges)
. Tumor size (cm) 4.3+2.3 (0-12.0) 5.0+2.4 (2.0-11.0) 0.26
BMI body mass index, SST .
single stapling technique, DST Simultaneous resection
double stapling technique, No 171 21 10.9 0.31
LLND lateral lymph node dis- Yes 14 17.6
section

Clinical course affected by DS construction

The clinical course affected by DS was also investigated,
focusing on the necessity of urgent abdominal reopera-
tion for anastomotic leakage. Nine of 120 (7.5%) patients
who underwent LAR with DS experienced leakage. Of
these nine, only one patient (11.1%) needed urgent

Table 5 Multivariate analysis of leakage risk factors

p-value Odds ratio (95% CI)
High ligation 0.17 1.9 (0.77-4.54)
Intraoperative bleeding 0.78 1.0 (0.99-1.00)
Simultaneous resection 0.12 2.2 (0.82-6.09)
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reoperation for peritonitis, and eight patients were treated
conservatively. Twenty-four of 209 (11.5%) patients who
underwent LAR without DS experienced leakage, and 13
(54.2%) of them needed urgent reoperation, while 11
patients were treated conservatively (Table 6). The need
for reoperation was significantly increased in patients
without DS compared to those with DS, 54.2% and 11.1%,
respectively (p=0.04).

Discussion

LAR was the safe and preferred option for middle or low
rectal cancer patients with very low mortality and an
acceptable leakage rate among the institutes participating in
this study. DS did not have a statistically significant
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Table 6 Clinical course affect-

ed by diverting stoma DS in initial LAR  Leakage

Conservative therapy ~ Urgent operation  Rate of urgent operation

%
DS(+) 120 9 7.5

DS(-) 209 24 115

%
8 1 11.1
11 13 54.2

p=0.04

relationship with the overall leakage rate. Although we cannot
conclude the value of DS in terms of leakage prevention from
this retrospective study, DS did seem to mitigate the
consequences of leakage and reduce the need for urgent
abdominal reoperation for leakage. There have been few
reports about this issue in multicenter studies with a large
number of patients from Japan.

With the advances in surgical procedures and devices in
recent decades, sphincter-preserving surgery has become
the treatment of choice for rectal cancer patients. In
addition, simple and easy reconstruction has become
possible thanks to circular stapling devices, even in low-
level anastomosis within a narrow pelvis.

However, anastomotic leakage is still a major problem
in rectal cancer surgery, sometimes resulting in severe
morbidity or mortality. Since stapled anastomosis devel-
oped in the 1970s, the mortality of sphincter-preserving
operations has decreased. In 1975, Fain et al. [11]
reported their experience of mechanical suturing in 165
rectal cancer patients with a mortality of 2.4%. Now,
symptomatic anastomotic leakage has been reported to
occur in 5% to 20% of cases [12-20], and when present,
the associated risk of postoperative mortality is increased
to between 6% and 22% [15]. The present study
encountered very low mortality (1/329; 0.3%), which is
not inferior to the 0.8% recently described [2]. Our result
shows the obviously improved safety of LAR using
mechanical anastomosis in the Japanese cancer centers
participating in this study.

Several risk factors for anastomotic leakage have been
reported [12-20], and the relationship between DS and
leakage was discussed in many retrospective or non-
randomized prospective studies. Wong et al. [21] reported
no statistical difference between patients who were defunc-
tioned (3.8%; 28/742) and those who were not (4%; 13/
324). So, they concluded that DS did not reduce the
postoperative leak rate. They also concluded that a stoma
carried a certain morbidity and also added to the cost of the
entire operation, so it should not be performed routinely.
On the other hand, Peeters et al. [18] reported that the
absence of DS was significantly associated with a higher
leakage rate: 43 (8.2%) of 523 patients with DS had
leakage, compared with 64 (16.0%) of 401 patients without
DS (»<0.001). In the present study, DS construction had no
association with the overall anastomotic leakage rate. This
retlects our low leakage rate in cases without DS (11.5%;
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24 of 209). This rate is comparable to the leakage rate in
cases with DS in a randomized controlled trial by
Matthiessen et al. (10.3%; 12 of 116) [1].

Although absence of DS was not a risk factor of leakage
in this study, because of a general selection bias of
nonrandomized study including ours, we cannot conclude
whether or not DS can prevent the leakage. This bias results
from the selective creation of DS for the patients anticipated
to undergo “risky” anastomosis by each surgeon as shown
in this investigation. We can also point out another bias,
namely that clinically unapparent leakages might have been
missed in either group because no systematic assessment of
the anastomosis for clinically stable patients was performed
in the present study.

Only four randomized control studies sought to investi-
gate the association between DS and leakage [1, 2, 22, 23].
Matthiessen et al. [1] reported the result of intraoperative
randomization of a patient undergoing LAR for rectal
cancer within 15 ¢m from the anal verge, and anastomosed
within 7 cm. 10.3% (12 of 116) of patients with
defunctioning stoma (n=116) had symptomatic leakage,
against 28.8% (33 of 118) of those without stoma (n=118).
They concluded that defunctioning stoma significantly
decreased the rate of symptomatic leakage and was
therefore recommended in LAR for rectal cancer. Pakkastie
et al. [22] and Graffner et al. [23], on the other hand, could
not find any statistical difference between the two groups in
their randomized studies comprising 50 and 38 patients,
respectively. But due to the small sample, no firm
conclusion could be made. So, it is still controversial
whether DS can prevent anastomotic leakage. The problem
is the limited evidence about this issue. The value of DS in
preventing leakage should be evaluated by more prospec-
tive studies in the future. And prospective, randomized
studies are also warranted to address this issue.

Other reported risk factors include male gender [13-16],
level of anastomosis [12-15], previous radiation therapy
[13, 14], absence of pelvic drainage [18], poor bowel
preparation [12], blood transfusion [12], immunosuppres-
sion, and underlying vascular insufficiency. Among these
risk factors, male gender and level of anastomosis were
widely accepted as significant for leakage. In the present
study, there were increased impacts on leakage in male
gender, bowel obstruction, massive intraoperative bleeding,
and simultaneous resection of other organs. Although
statistical significance was not reached, these factors were
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comparable to those in previous reports. In the present
investigation, due to the retrospective nature of the study
design, the level of anastomosis was calculated from the
tumor location and distal resection margin when data were
not available. And in some patients, tumor location was
measured only by digital examination and not by rectoscopy,
these might introduce bias. Although the anastomotic level
was not associated with leakage, this data should be evaluated
with caution.

High ligation of IMA was the only leakage risk factor on
univariate analysis in the present study. Lange et al. [24]
systematically reviewed the literature concerning the level
of ligation and concluded that preserving IMA and left colic
artery was anatomically less invasive with respect to
circulation and autonomous innervations of the proximal
limb of anastomosis. Seike et al. [25] measured the colonic
blood flow at the proximal site of the anastomosis by laser
Doppler flowmetry to evaluate the influence of high
ligation. They proved a significant reduction of colonic
blood flow at the proximal site after clamping IMA. Our
result also suggested the possibility that blood flow
reduction on anastomotic sites leads to more leakage.

In the present study, we reported our low leakage rate in
cases without DS (11.5%; 24 of 209). This rate is
comparable to the leakage rate in cases with DS in a
randomized controlled trial by Matthiessen et al. (10.3%;
12 of 116) [1]. This may have some association with our
patient population that neoadjuvant radiotherapy or chemo-
radiotherapy was not performed in this series. Neoadjuvant
radiation therapy is considered to be a risk factor by some
authors [13, 14]. Although randomized multicenter trials
have shown that neoadjuvant radiation does not increase
postoperative morbidity [26-28], Peeters et al. [18] retro-
spectively analyzed risk factors from the database of the
Dutch Colorectal Cancer Group, and reported that a
defunctioning stoma was constructed more often in
patients who had received radiation, and that the absence
of a DS was significantly associated with a higher leakage
rate.

We also reported our low mortality. This reflects our low
leakage rate in cases without DS and our appropriate
decision of reoperation for peritonitis in cases without DS.
We considered that our appropriate decision lead to low
mortality rate and high reoperation rate (54.2%). In the
present study, a DS constructed at the time of initial surgery
obviously reduced the necessity of an urgent reoperation
after overt leakage, proving the clinical benefits of DS in
this regard. The important objective of DS was not to
eliminate leakage but to decrease the risk of reoperation.
However, DS construction did not guarantee the complete
safety of LAR. In fact, we experienced one mortality in a
patient with DS in this series, so complete elimination of
leakage and severe septic complications was not feasible.
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In conclusion, we clearly demonstrated the outstanding
safety of LAR with very low mortality and acceptable
leakage rate in our group. Although this retrospective study
could not prove whether DS can prevent leakage itself, we
found that it could mitigate the need for urgent abdominal
reoperation for leakage. To define clear criteria for DS
construction, a well-designed randomized control study is
genuinely needed in the future.
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OBJECTIVE: The aim of this study was to clarify the
actuarial incidence of pulmonary metastases and risk
factors for pulmonary metastases after curative resection
of rectal cancer without preoperative
chemoradiotherapy.

DESIGN: This study was a retrospective review.

PATIENTS: Data for 314 patients who underwent RO
resection for rectal cancer without preoperative
chemoradiotherapy from 2000 to 2006 were reviewed.
The mean duration of follow-up was 57.0 months.

RESULTS: Pulmonary metastases developed in 41
patients. Mean duration from rectal surgery to
identification of pulmonary metastases was 21.1 months.
Surgery for pulmonary metastases was performed first for
19 patients (46.3%), and all patients achieved RO surgery.
Multivariate analysis revealed that tumor depth (T3 to
T4), lymph node ratio (>0.091), and tumor location
(anal canal) were significant independent risk factors for
pulmonary metastases. Five-year actuarial incidence of
pulmonary metastasis increased significantly with
increased numbers of risk factors (0 factors, 1.1%; 1
factor, 13.2%; =2 factors, 40.1%). In terms of lateral
pelvic lymph node involvement, the number of lateral
pelvic lymph node involvements (=4) and the
distribution of lateral pelvic lymph node metastases
(bilateral) were significant risk factors for pulmonary
metastases.
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CONCLUSIONS: The present study clearly demonstrated
predictive factors for pulmonary metastases after RO
resection of rectal cancer without preoperative
chemoradiotherapy. Actuarial incidence of pulmonary
metastases was significantly related to the number of risk
factors present. The data from the present study should
facilitate the establishment of novel algorithms for
predicting pulmonary metastases after resection of rectal
cancer, which may lead to the appropriate surveillance
strategies after rectal surgery.

KEY WORDS: Rectal cancer; Pulmonary metastasis;
Lymph node ratio; Lateral pelvic lymph node dissection.
O dominantly determined by local recurrence and
distant metastases.! The lung is one of the most
common sites of metastases from rectal cancer. To date,
surgical resection has been the only radical treatment avail-
able for patients with pulmonary metastases, and several
studies have focused on outcomes after the resection of a
pulmonary tumor from rectal cancer. These studies re-
ported overall 5-year survival rates after pulmonary metas-
tasectomy of 32.4% to 67.8%, demonstrating acceptable
long-term survival.”” Conversely, the actuarial incidence
of pulmonary metastasis, the predictive factors for pulmo-
nary metastasis after complete (RO) resection of rectal can-
cer, and what proportion of patients with pulmonary me-
tastases meet the indications for surgery remain unclear.
Only a few studies have reviewed the incidence of
pulmonary metastases in rectal cancer.®~*! These studies
estimated that approximately 1% to 12% of patients with
rectal cancer would develop isolated pulmonary metasta-
ses.®~! Of patients with isolated pulmonary metastases,
approximately 7% to 14% of patients would be considered

candidates for pulmonary metastasectomy.®~'"! However,
those data were relatively heterogeneous in terms of
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utcomes after surgery for rectal cancer are pre-
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patients’ backgrounds and diagnostic tools, and the
reevaluation of the actuarial incidence of pulmonary me-
tastasis after rectal surgery with the use of advanced diag-
nostic tools and therapies is essential.

The aim of the present study was to assess the actuarial
incidence of pulmonary metastases as the first site of me-
tastasis after RO resection of rectal cancer, and to clarify the
patterns of occurrence and predictive factors for pulmo-
nary metastases.

METHODS

The present study was a retrospective review of the medical
records of a total of 314 patients (219 men, 95 women) who
underwent RO resection for rectal cancer at the National
Cancer Center Hospital East, Chiba, Japan from January
2000 to October 2006. Mean duration of follow-up for the
314 patients was 57.0 months (SD, 25.1 mo). Aside from
the 314 patients, the following patients were excluded from
the present study: patients with rectal cancer who under-
went preoperative chemoradiotherapy (n = 47); patients
with pulmonary metastases who had other metastases or
local recurrence before pulmonary metastases after rectal
surgery (n = 13) (liver, n = 7; local, n = 4; distant lymph
node, n = 2); patients with rectal carcinoma in situ (n = 4);
patients lost to follow-up (n = 8); patients with other con-
comitant cancer at rectal surgery (n = 16); patients with
malignant carcinoid or melanoma (n = 3); patients show-
ing preoperatively identified tiny indeterminate lesions in
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the lung and then confirmed pulmonary metastasis during
follow-up (n = 5). Patients with preoperative chemora-
diotherapy were excluded from the present study to avoid
bias regarding pathological changes in surgical specimens.
Each of the 47 patients with preoperative chemoradiother-
apy who were excluded showed clinical T3 lower rectal
cancer and had agreed to participate in clinical trials for
preoperative adjuvant therapy, because preoperative che-
moradiotherapy for resectable rectal cancer was not stan-
dard at that time in Japan.

Patients were staged using colonoscopy with biopsy,
barium enema, and 5-mm section contrast-enhanced he-
lical chest-abdomen-pelvis CT. Patients were subdivided
into 3 groups according to the tumor location: upper rec-
tum, lower rectum, and anal canal.'? The definitions of the
3 groups were as follows: 1) upper rectum: the portion of
large intestine that locates between the inferior border of
the second sacral vertebra and the level of the peritoneal
reflection, which is equivalent to 10 to 15 ¢m from the anal
verge; 2) lower rectum: the portion of large intestine that
locates between the peritoneal reflection and the superior
border of the puborectal muscle, which is equivalent to 4 to
10 cm from the anal verge; and 3) anal canal: the tubular
portion that extends from the superior border of the pu-
borectal muscle to the anal verge, which is equivalent to 0
to 4 cm from the anal verge. The location of the rectal
tumor was assessed by barium enema, CT, and digital rec-
tal examination.
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FIGURE 1. Kaplan-Meier curves for pulmonary metastases in 314 patients with rectal cancer according to UICC stage of rectal cancer. UICC =

International Union Against Cancer.
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TABLE 1. Characteristics of 41 patients with pulmonary
metastases

Variables Results n (%)
Sex (male/female) 30/11
Age at rectal surgery, y 595 +10.8
Site of primary tumor
Upper rectum 17 (41.5)
Lower rectum 20 (48.8)
Anal canal 4(9.8)
UICC stage
| 2(4.9)
1] 9 (22.0)
i 27 (65.9)
v 3(7.3)
Adjuvant chemotherapy for rectal cancer 12(29.3)
Simultaneous hepatectorny for liver 3(73)
metastases at rectal surgery
Concurrent metastases or local recurrence 6(14.6)
at diagnosis of pulmonary tumor
Pulmonary disease-free interval, months 211 +£13.0
Pulmonary tumor size, mm 154 £ 65
No. of pulmonary tumors
1 16 (39.0)
2 7(17.1)
3 2 (4.9)
=4 16 (39.0)
Distribution of pulmonary tumor
Unilateral 22 (53.7)
Bilateral 19 (46.3)
Therapy for pulmonary metastases
Operation 19 (46.3)
Chemotherapy 17 (41.5)
Best supportive care 5(12.2)

UICC = international Union Against Cancer.

All patients underwent resection of the primary tumor
with lymph node dissection. Patients with rectal cancer
underwent total mesorectal excision or tumor-specific me-
sorectal excision. Lateral pelvic lymph node (LPLN) dis-
section with autonomic nerve preservation was usually
performed in patients with clinical T3 to T4 lower rectal
cancer.'»'* After manual dissection of lymph nodes in
fresh specimens, all specimens were fixed in 10% phos-
phate-buffered formalin, embedded in paraffin, sectioned,
and stained using hematoxylin and eosin. Each case was
evaluated by at least 2 independent pathologists for histo-
pathological type, depth of tumor invasion, number of
lymph node involvements, vascular invasion, lymphatic
invasion, and margin status. Histological diagnosis was
performed according to the World Health Organization
intestinal tumor classification.'® Patients with lymph node
involvement had undergone adjuvant chemotherapy since
2003, if the patients had good performance status and
agreed to the adjuvant chemotherapy.

Routine follow-up consisted of physical examination,
laboratory tests including estimation of serum CEA level,
and 5-mm section contrast-enhanced helical chest-abdo-
men-pelvis CT or abdomen-pelvis CT with chest radiog-
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raphy (posteroanterior and lateral views). ['*F]Fluorode-
oxyglucose positron emission tomography and CT was
performed when routine imaging was normal despite the
elevation of tumor marker or normal imaging was unable
to distinguish the lesions from benign to malignant. After
rectal operation, patients were followed up at 3-month in-
tervals for the first 3 years, then at 6-month intervals for at
least a total of 5 years.

Pulmonary metastasis was diagnosed by radiological
evidence suggestive of lung metastases. Findings on CT or
chest radiography were agreed on by 2 independent radi-
ologists. Pathological confirmation by at least 2 indepen-
dent pathologists was obtained for patients who under-
went operation for pulmonary metastases. The criteria for
pulmonary resection were as follows: metastatic lesions
confined to the lung and technically resectable; no evi-
dence of extrathoracic metastases, with the exception of
resectable hepatic metastasis; and cardiorespiratory func-
tion capable of tolerating complete resection of all pulmo-
nary tumors.>'® Contrast-enhanced helical CT (chest,
2-mm slice thickness; abdomen, 5-mm slice thickness) was
routinely performed to exclude patients with extrapulmo-
nary metastases or unresectable multiple pulmonary me-
tastases before resection of pulmonary metastases.

Statistical Analysis

Actuarial incidence of pulmonary metastases and risk fac-
tors for each variable on pulmonary metastases were eval-
uated using the Kaplan-Meier method and the log-rank
test. Factors related to occurrence of pulmonary metasta-
ses were analyzed with the Cox proportional hazards re-
gression model for multivariate analysis. All statistical
analyses were performed using SPSS version 13.0] software
(SPSS Japan, Tokyo, Japan). Values of P < .05 were con-
sidered statistically significant.

TABLE 2. Kaplan-Meier analysis of risk factors for pulmonary

metastases after RO resection of rectal cancer in terms of the
number of regional lymph node metastases

Rectal cancer
No. of involved 5-y lung metastasis
regional LN n rate (%) P
=1 145 238 <.001
0 169 7.6
=2 91 252 S521
1 54 21.2
=3 70 317 .046
1-2 75 169
=4 49 309 12
1-3 96 203

LN = lymph node.
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FIGURE 2. Kaplan-Meier curves for pulmonary metastases after RO resection of rectal cancer according to the number of regional lymph node

metastases. LN = lymph node.

RESULTS

Characteristics of 314 Patients With RO Rectal Surgery
Mean age of the 314 patients with rectal cancer was 60.1
years (SD, 11.4 y). The primary tumor was located in the
upper rectum in 116 patients, the lower rectum in 188
patients, and the anal canal in 10 patients. International
Union Against Cancer staging was as follows: stage I, n =
68; stage 11, n = 97; stage III, n = 131; and stage IV, n = 18.
A total of 131 patients with clinical T3 to T4 rectal
cancer located in the lower rectum or anal canal underwent
LPLN dissection in addition to total mesorectal excision
with regional lymph node dissection.”>'* Simultaneous
hepatectomy for liver metastases was performed in 15 pa-
tients. Various adjuvant chemotherapy regimens were ad-
ministered for 60 patients with rectal cancer (tegafur-ura-
cil (UFT)/leucovorin (LV), n = 22; 5-fluorouracil (5-FU)/
LV, n = 17; oxaliplatin combined with infusional 5-FU/LV
(FOLFOX6), n = 8; UFT, n = 6; irinotecan combined with
infusional 5-FU/LV (FOLFIRI), n = 2; irinotecan com-
bined with bolus 5-FU/LV (IFL), n = 3; and 5-FU, n = 2).

Actuarial Incidence of Pulmonary Metastases

Of the 314 patients with rectal cancer, 41 developed pul-
monary metastases during the study period. Mean dura-
tion from rectal surgery to identification of pulmonary
metastases was 21.1 months. Pulmonary metastases were
identified within 36 months after rectal surgery in 37 pa-
tients (90.2%). No patients developed pulmonary metas-
tases >60 months after rectal surgery during the study pe-
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riod. There was no difference in the mean duration from
rectal surgery to identification of pulmonary metastases in
terms of imaging modalities (chest radiography (n = 16),
18.8 months; CT (n = 25), 22.5 months; P = .377). The
overall occurrence rates of 5-year pulmonary metastasis
according to International Union Against Cancer stage
were as follows: stage I, 3.0%; stage 1I, 11.4%; stage III,
22.5%; and stage IV, 18.2% in patients with rectal cancer

(Fig- 1).

TABLE 3. Kaplan-Meier analysis of risk factors for pulmonary

metastases after RO resection of colorectal cancer in terms of
lateral pelvic lymph node metastases

Rectal cancer

5-y lung metastasis

n rate (%) P
No. of involved LPLN
=1 29 296 152
0 102 17.2
=2 15 51.1 125
1 14 14.3
=3 8 543 .067
1-2 21 22.7
=4 7 68.8 011
1-3 22 214
Distribution of involved LPLN <.001
Bilateral 8 79.2
Unilateral 21 171

LPLN = lateral pelvic lymph node.
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TABLE 4. Kaplan-Meier analysis of risk factors for pulmonary
metastases after RO resection of rectal cancer in terms of LNR

S-y lung
Rectal cancer metastasis
(n=314) rate (%) P
No. of retrieved regional 24.1 163
LN (mean = SD)

LNR (mean *+ SD, median) 0.139 * 0.137, 0.091

0 < LNR =0.050 36 84 024

0.050 < LNR = 0.091 38 174

0.091 <LNR=0.170 31 3141

0.170 < LNR = 1.000 40 351

(LNR = 0) (169) (7.8)

LN = lymph node; LNR = lymph node ratio.

Characteristics of Patients With Pulmonary Metastases
The characteristics of the 41 patients with pulmonary me-
tastases are shown in Table 1. Concurrent metastases or
local recurrence were identified in 6 patients (liver, n = 3;
local, n = 3; distant lymph node, n = 2; peritoneum, n =
1) at the time of diagnosis of pulmonary metastases. Sur-
gery for pulmonary metastases was performed first for 19
patients (46.3%), and all patients achieved RO surgery.
Chemotherapy (IFL, n = 4; FOLFIRI, n = 4; 5-FU/LV,n =
3; FOLFIRI/bevacizumab, n = 2; FOLFOX6, n = 1;
FOLFOX6/bevacizumab, n = 1; UFT/LV, n = 1; 5-FU/
irinotecan, n = 1) was performed first for 17 patients
(41.5%), and 5 patients (12.2%) received best supportive
care.
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Risk Factors for Pulmonary Metastases According to
Number of Lymph Node Involvements

Both the presence of regional lymph node involvement (0
vs =1) and the number of regional lymph node involve-
ments (=3 vs 1-2) were significant risk factors for pulmo-
nary metastases (Table 2, Fig. 2).

In terms of LPLN involvement, the presence of LPLN
involvement (0 vs =1) was not a significant risk factor for
pulmonary metastases, but the number of LPLN involve-
ments (=4 vs 1-3) and the distribution of LPLN metasta-
ses (bilateral vs unilateral) were related to the significant
risk factors for pulmonary metastases (Table 3). Six pa-
tients had both risk factors (the number of LPLN involve-
ments, =4; the distribution of LPLN metastases, bilateral)
and the 5-year actuarial incidence of pulmonary metastasis
was 73.3%.

Risk Factors for Pulmonary Metastases According

toLNR

Lymph node ratio (LNR) was determined by dividing the
total number of involved regional lymph nodes by
the total number of regional lymph nodes retrieved. Pa-
tients were assigned to 4 groups based on quartile (LNR
with cutoff values based on 25% (LNR = 0.050), median
(LNR =0.091), and 75% (LNR = 0.170)). Incidence rates
of pulmonary metastases were increased with increasing
LNR (P = .024) (Table 4, Fig. 3).

Actuarial incidence of pulmonary

metastasis (%)

404
0.170 < LNR £ 1.000
P=0.024 -
30T 0.091 <LNR<0.170
P=0.055
20T 0.050 < LNR < 0.091
P=0.039
104 0 <LNR<0.050 «
0 12 24 36 48 60
Time after resection of rectal cancer (months)
No. at risk
0.170<LNR<1.000 40 32 24 16 9 4
0.091 <LNR<£0.170 31 31 26 20 14 10
0.050 < LNR £ 0.091 38 36 30 27 23 14
0<LNR<£0.050 36 35 31 29 22 21
(LNR=0) (169) (164) (161) (141) (103) (77)

FIGURE 3. Kaplan-Meier curves for pulmonary metastases after RO resection of rectal cancer according to lymph node ratio. LNR = lymph

node ratio.
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TABLE 5. Uni- and multivariate analysis of risk factors for pulmonary metastases after RO resection of rectal tumor

‘WATANABE ET AL: LUNG METASTASES AFTER RECTAL SURGERY

Rectal cancer
Univariate Multivariate
5-y lung metastasis Hazard ratio
n rate (%) P (95% Cl) P
Overall 314 146
Age at colorectal resection 818
=60 (median) y 169 14.6
<60y 145 148
Preoperative CEA level 036 ' NS
<5 ng/mL 167 10.7
=5 ng/mL 147 193
Simultaneous liver resection 030 NS
No 299 139
Yes 15 30.0
Site of primary tumor (upper and lower rectum vs anal canal) .006 3289 003
Upper rectum 116 11.7 (1.160-9.320)
Lower rectum 188 145
Anal canal 10 440
Tumor size 019 NS
<4cm 108 76
=4cm 206 186
Depth of tumor invasion (T1/2 vs T3/4) <.001 5.729 .004
T 32 0 (1.749-18.765)
T2 72 42
T3 184 20.6
T4 26 219
LN involvements <.001 NS
No 169 7.8
Yes 145 229
Lymphatic invasion .001 NS
lyo/1 276 124
ly2/3 38 352
Vascular invasion 001 NS
vo/1 183 9.2
v2/3 131 224
Histological type of adenocarcinoma 093
Well 50 6.2
Moderate or poor 263 164
(Other) m
No. of involved regional LN <.001 NS
0-2 244 10.2
=3 70 317
LNR <.001 3439 <.001
0 =LNR = 0.091 243 94 (1.841-6.423)
0091 <LNR =1 7 344

LN = lymph node; LNR = lymph node ratio; NS = not significant.

Overall Risk Factors for Pulmonary Metastases
Multivariate analysis showed that depth of tumor invasion
(T3-T4), LNR (>0.091), and tumor location (anal canal)
were independent risk factors for pulmonary metastases in
patients with rectal cancer (Table 5). Only 2 patients
had all 3 risk factors. When patients were divided into 3
groups based on the presence of these 3 risk factors, the
5-year actuarial incidence of pulmonary metastasis in-
creased significantly according to the number of risk fac-
tors present (0 factors, 1.1%; 1 factor, 13.2%; =2 factors,
40.1%) (Fig. 4).

91

We also analyzed the risk factors for pulmonary
metastases, excluding 29 patients with LPLN involvement.
Multivariate analysis showed that tumor location (anal ca-
nal), depth of tumor invasion (T3-T4), LNR (>0.091), and
vascular invasion (v2-v3) were independent risk factors for
pulmonary metastases (Table 6). No patients had all 4 risk
factors. When patients were divided into 4 groups based on
the presence of these 4 risk factors, the 5-year actuarial inci-
dence of pulmonary metastasis increased significantly ac-
cording to the number of risk factors present (0 factors, 0%;
1 factor, 8.3%; 2 factors, 19.2%; 3 factors, 51.8%) (Fig. 5).
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Actuarial incidence of pulmonary

metastasis (%)
604

Risk factors for PM:
Tumor depth: T3-T4
50+ LNR>0.091
Tumor location: Anal canal
No. of risk factors; 22 _
40+
P < 0.001
30
P <0.001
20
No. of risk factors; 1
10
P =0.003
No. of risk factors; 0 |
0 12 24 36 48 60
Time after resection of rectal cancer (months)
No.atrisk
No. of risk factors; 22 65 57 44 31 18 1
No.of risk factors; 1 158 150 139 121 95 68
No. of risk factors; 0 91 91 89 81 58 47

FIGURE 4. Kaplan-Meier curves for pulmonary metastases after RO resection of rectal cancer according to the risk factors for pulmonary

metastases. PM = pulmonary metastases; LNR = lymph node ratio.

DISCUSSION

The present study determined the actuarial incidence of
pulmonary metastases and predictive factors for pulmo-
nary metastases after RO resection of rectal cancer without
preoperative chemotherapy or radiotherapy. To the best of
our best knowledge, this is the first study to describe the
risk factors for pulmonary metastases after RO resection of
rectal cancer without preoperative chemotherapy or
radiotherapy.

A limited number of studies have reviewed the inci-
dence of pulmonary metastases after resection of rectal
cancer, and have estimated that approximately 1% to 12%
of patients with rectal cancer would develop isolated pul-
monary metastases.® " Of those patients with isolated
pulmonary metastases, approximately 7% to 14% of pa-
tients would be considered as candidates for pulmonary
metastasectomy.® !

In the present study, 41 patients developed pulmonary
metastases after rectal surgery and 19 of these 41 patients
(46.3%) underwent surgery for pulmonary metastases
first. The rate of surgery was much higher than previously
reported.* ™! The higher rate of patients indicated for sur-
gery in the present study may be due to widened indica-
tions for surgery with the aid of advanced diagnostic tools.
For example, 2-mm section contrast-enhanced helical
chest CT provides accurate images of the location, size, and
extent of the tumor, which have extended the surgical in-
dications for pulmonary metastases to patients with mul-
tiple resectable pulmonary tumors.’

The present study clearly demonstrated predictive fac-
tors for pulmonary metastases after RO resection of rectal
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cancer without preoperative chemoradiotherapy. Actuar-
ial incidence of pulmonary metastases was significantly re-
lated to the number of risk factors present. Tumor depth
(T2-T3), LNR (>0.091), and tumor location (anal canal)
were the independent risk factors for pulmonary metasta-
ses in patients with rectal cancer.

Because lateral pelvic lymph node dissection is not
performed by many Western countries, we also analyzed
the risk factors for pulmonary metastases, excluding 29
patients with LPLN involvement. Multivariate analysis
showed that tumor location (anal canal), depth of tumor
invasion (T2-T3), LNR (>0.091), and vascular invasion
(v2-v3) were independent risk factors for pulmonary me-
tastases. Surprisingly, the 5-year actuarial incidence of pul-
monary metastasis was 51.8% in the group of patients who
had 3 risk factors.

The present study is the first to reveal LNR as a signif-
icant risk factor for pulmonary metastases after RO resec-
tion of rectal cancer. Preoperative chemoradiotherapy is
known to significantly reduce the number of lymph nodes
in the tumor specimen.'”** Unlike the situation in West-
ern countries, preoperative chemoradiotherapy for resect-
able rectal cancer is not standard therapy in Japan, so the
present study was able to assess the native number of
lymph nodes and LNR without the influence of chemora-
diotherapy. Some recent studies have reported LNR as a
possible prognostic factor for overall survival after resec-
tion of rectal cancer, although those studies included pa-
tients with preoperative chemoradiotherapy.”**'

Previous studies reported that pulmonary metastases
were more frequent in rectal cancer than colon cancer.*’



996

'WATANABE ET AL: LUNG METASTASES AFTER RECTAL SURGERY

TABLE 6. Uni- and multivariate analysis of risk factors for pulmonary metastases after RO resection of rectal tumor (excluded 29 patients

with LPLN involvement)

Rectal cancer
Univariate Multivariate
5-y lung metastasis Hazard ratio
n rate (%) P (95% Cl) P
Overall 285 132
Age at colorectal resection 636
=60 (median) y 159 14.7
<60y 126 14
Preoperative CEA level 023 NS
<5ng/mL 159 8.9
=5 ng/mL 126 18.8
Simultaneous liver resection 078
No 272 12.6
Yes 13 26.2
Site of primary tumor (upper and lower rectum vs anal canal) 022 8.444 002
Upper rectum 110 14.7 (2.218-32.145)
Lower rectum 167 10.8
Anal canal 8 438
Tumor size 046 NS
<4cm 108 76
=4cm 177 16.9
Depth of tumor invasion (T1/2 vs T3/4) <.001 4.148 022
T 32 0 (1227-14.021)
T2 ral 43
T3 163 29.0
T4 19 228
LN involvements <.001 NS
No 169 78
Yes 116 214
Lymphatic invasion 044 NS
lyo/1 256 121
ly2/3 29 226
Vascular invasion 2001 3.197 006
vO/1 174 7.0 (1405-7272)
v2/3 m 232
Histological type of adenocarcinoma 198
Well 46 6.7
Moderate or poor 238 14.6
(Other) (1)
No. of involved regional LN <.001 NS
0-2 232 9.7
=3 53 303
LNR <.001 3.262 .001
0 =LNR =0.091 230 8.8 (1.647-6.459)
0.091 <INR=1 55 326

LN = lymph node; LNR = lymph node ratio; LPLN = lateral pelvic lymph node; NS = not significant.

The present study revealed that the lowest rectal cancer
(anal canal) had a higher risk of developing pulmonary
metastases compared with upper and lower rectal cancer.
These findings may be attributed to anatomical difference.
The lowest rectal cancer cells may be likely to show direct
spread to the lung tissue via the vena cava from the inferior
and middle rectal veins.
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Finally, we should mention the limitations of the pres-
ent study. We excluded patients who had other metastases
or local recurrence before pulmonary metastases to avoid
bias, so interactions between pulmonary metastases and
other metastases or local recurrence remain unclear. Fur-
ther investigation is needed to clarify interactions among
distant metastases or local recurrence.



