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Abstract
Background: In evaluating the quality of laparoscopic
surgery (LS) for colorectal carcinoma, many previous

reports have used median or range values to assess the-

length of postoperative hospital stay and to show the
complication and conversion rates separately. However,
with this method, it is impossible to assess the propor-
tion of patients who required prolonged postoperative
hospital stay because of perioperative morbidities. This
study investigated the proportion of patients who ben-
efited from LS as minimally invasive surgery by assess-
ing the percentage of patients who required prolonged
postoperative hospital stay because of major perioper-
- ative morbidities.

Methods: A review of 202 patients who underwent LS
for colorectal carcinoma at the authors’ hospital be-
tween January 2002 and December 2004 was performed.
Short-term outcomes were compared among the
patients who underwent LS in 2002, 2003, and 2004.
Results: No significant differences were observed in
baseline characteristics among the groups, and all the
procedures in this study were completed laparoscopi-
cally. There were no significant differences in the oper-
ative times and intraoperative blood losses among the
groups. Most of the patients resumed liquid intake on
postoperative day 1 and solid food on day 3. However,
there was a significant difference in the rate of postop-
erative prolonged hospital stays by year of surgery. In
2004, 97.3% of the patients (72/74) undergoing LS could
be discharged to home within 8 days postopera-
tively. Major complications occurred at a low rate of
1.4% (1/74) in 2004. Regarding the reasons for pro-
longed postoperative hospital stay, inappropriate judg-
ment of the physician in charge, based primarily on
requests from patients without medical necessity, dis-
appeared in 2004.

Conclusions: When LS is performed properly by spe-
cialists who have accumulated sufficient experience in

Correspondence to: S. Yamamoto

both LS and conventional open surgery for colorectal
carcinoma, up to 97% of patients undergoing LS can
benefit from minimally invasive surgery.

Key words: Colorectal carcinoma — Complication —
Laparoscopic surgery — Postoperative hospital stay —
Short-term outcome

In many randomized and nonrandomized studies com-
paring laparoscopic surgery (LS) and conventional open
surgery for colorectal carcinoma, several advantages of
LS have been reported, including reduction of postop-
erative pain, shortened duration of postoperative ileus,
shortened hospital stay, and favorable effects on cyto-
kine and hormonal responses. Consequently, LS is now
termed “minimally invasive surgery” [1, 10, 15-17].

At our institution, much consideration has been gi-
ven to the technical and oncologic safety of LS. Since
our first LS for colorectal carcinoma in 1993, approxi-
mately 400 LS for colorectal malignancies have been
performed at our institution. Most of our early experi-
ence was confined to early (Tis or T1) colorectal cancer
located at the cecum, ascending colon, sigmoid colon, or
rectosigmoid because of technical problems and con-
cerns regarding port-site and peritoneal recurrences. In
June 2001, we unified our surgical and postoperative
management procedures and expanded our indications
for LS to include advanced colorectal cancers (i.e., T2
lesions and beyond) located anywhere in the colon or
rectum. As a consequence, the complication rate and
mean length of hospitalization have been reduced at our
institution [23, 24].

If LS is truly minimally invasive surgery, it should
reflect a shortened postoperative hospital stay. With
regard to assessment of the quality of LS for colorectal
carcinoma, many previous reports have used median or
range values to assess the length of postoperative hos-
pital stay and to show the complication and conversion
rates separately. However, with this approach, it is
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impossible to assess the proportion of patients who re-
quired prolonged postoperative hospital stay because of
perioperative morbidities. Moreover, the effect of
major complications on the length of postoperative
hospitalization is unknown.

In the current study, short-term outcomes were
compared among selected patients who underwent LS
for colorectal carcinoma at our hospital in 2002, 2003,
and 2004. We investigated the proportion of patients
who benefited from LS as minimally invasive surgery by
assessing the percentage of patients who required pro-
longed postoperative hospital stay because of perioper-
ative major morbidities. Moreover, the results of our
efforts to reduce postoperative hospitalization also were
examined. ‘

Patients and methods

Patients

Between January 2002 and December 2004, we performed 202 con-
tinuous LS for selected patients with colorectal carcinoma. Because the
safety of LS for cancer patients remains to be established, our candi-
dates for radical LS were patients with a preoperative diagnosis of T1
or T2. Additionally, our LS cases also included patients with a pre-
operative diagnosis of T3 who wished to undergo LS, as well as those
with colon or upper rectal carcinoma for which palliative resection was
considered necessary. Contraindications for LS included tumors larger
than 6 cm, a history of extensive adhesions, severe obesity (body mass
index > 32 kg/m?), intestinal obstruction, and refusal of a patient to
undergo LS.

All patients were evaluated before surgery by clinical investigation
including barium enema, total colonoscopy, chest x-ray, abdominal
ultrasonography, and computed tomography. For patients with rectal
malignancy, a primary rectal carcinoma was defined according to its
distance from the anal verge, as determined by colonoscopy. The tu-
mors were grouped according to their location in the lower rectum (0-7
cm), the middle rectum (7.1-12 cm), and the upper rectum (12.1-17
cm). We defined conversion to open surgery as any incision larger than
7em, except for cases in which the incision was enlarged because of a
large specimen that could not be removed through a 7-cm incision.

Laparoscopic technique

The techniques for LS have been thoroughly described previously 23—
25). For right-sided lesions, the right colon was mobilized initially, and
the vascular pedicles were divided at their origin, together with the
draining lymph nodes intracorporeally. For patients with a preopera-
tive diagnosis of T2-T3 lesions, a laparoscopic no-touch isolation
technique was performed. With this technique, mobilization of the
right colon was performed after early proximal ligation of the tumor-
feeding vessels and resection of the mesentery intracorporeally. The
bowel loop was delivered under a wound protector through a small
incision, and division of the marginal vessels and anastomosis was
performed extracorporeally.

For transverse colon lesions, mobilization of hepatic, splenic, or
both flexures was performed according to the tumor location. Proxi-
mal ligation of the right, left, or both branches of the middle colic
vessels at their origins was performed intracorporeally or extracorpo-
really. The bowel loop was delivered, and anastomosis was performed
in the same way.

Descending colon and proximal sigmoid colon lesions for which
extracorporeal anastomosis was considered possible were managed by

“initial mobilization of the left colon. After mobilization of the splenic
flexure, intracorporeal ligation of the tumor-feeding vessels (left colic
artery, sigmoid arteries, inferior mesenteric vessels) at their origins was
performed. The bowel loop was delivered through a small incision
under a wound protector, and division of the mesenterium was per-
formed extracorporeally, followed by extracorporeal anastomosis.

For distal sigmoid colon and rectal lesions, mobilization of left
colon and splenic flexure, if necessary, was followed by intracorporeal
high ligation of the inferior mesenteric vessels, then by mobilization of
the rectum. For higher lesions, mesorectal tissue down to 5 cm below
the tumor was excised routinely. Middle and lower rectal tumors were
treated by total mesorectal excision. Before rectal transection, lapa-
roscopic rectal clamping immediately above the anticipated point of
rectal transection was performed using a bowel-clamping device
introduced through the 12-mm mid lower port. Rectal washout was
routinely performed using 1,000 ml of 5% povidone-iodine solution.
Rectal transection then was performed by the multiple firing technique
using Endo GIA Universal staples (Auto Suture; U.S. Surgical Corp.,
Norwalk, CT, USA) introduced through the 12-mm right midab-
dominal port. A 4- to 5-cm incision then was made over the mid lower
port site, and the bowel was exteriorized under wound protection.

After the anvil head of the circular stapler had been inserted into
the end of the proximal colon, the proximal colon was internalized and
the incision closed. Intracorporeal anastomosis under laparoscopic
view was performed by the double-stapling technique using a circular
stapler (ECS 29 or 33mm; Ethicon Endo-Surgery Inc, Cincinnati, OH,
USA). For patients with lesions located within 2 cm of the dentate line,
laparoscopic intersphincteric rectal resection and hand-sewn coloanal
anastomosis (ISR-CAA) were performed [21]. For patients undergoing
abdominoperineal resection (APR), laparoscopic procedures were
followed by perineal dissection in the standard fashion and end
colostomy creation using the left lower abdominal port site.

Study parameters

The parameters analyzed included gender, age, body mass index, prior
abdominal surgery, operative time, intraoperative blood loss, conver-
sion rate, days to resumption of diet, duration of postoperative hos-
pital stay, and both intraoperative and postoperative complications
within 30 days of surgery. Pathologic staging was performed according
to Dukes’ stage. In the current study, major complication was defined
as morbidity that required the patient to stay in the hospital 9 or more
postoperative days. Prolonged postoperative hospital stay was defined
as 9 or more days of postoperative hospitalization, regardless of the
underlying reasons, because patients are supposed to be discharged by
the postoperative day 8 when there is no major complication after LS
at our institution. With regard to the operative and postoperative re-
sults, patients with colon and rectal carcinoma were evaluated sepa-
rately, considering the technical difficulties of the laparoscopic
procedure.

Statistical analysis

Statistical analysis was performed using one-way analysis of variance
(ANOVA) and chi-square testing as appropriate. A p value less than
0.05 was considered significant.

Results

The demographics for the patients in this study are
summarized in Table 1. There were no significant differ-
ences in baseline characteristics among the groups.
However, the proportion of the patients with Dukes’ B,
C, and D stages scheduled for LS is increasing, although
the difference is not yet significant (p = 0.093). With
regard to simultaneously performed surgical techniques,
one patient underwent resection of a benign sub-
mandibular gland tumor in 2002, and three patients
underwent laparoscopic cholecystectomy in 2003. In
2004, three patients underwent combined surgery as fol-
lows: laparoscopic enucleation of an 8-cm hysteromy-
oma, partial resection of the lingua for carcinoma,
and hemilateral neck lymph node dissection for
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Table 1. Patient characteristics®

2002 (n = 59) 2003 (n = 69) 2004 (n = 74) p Value

No. of patients 59 69 74
Sex ratio {male:female) 35:24 39:30 37:37 0.533
Age (years) 58.5 (30-83) 60.2 (38-88) 61.1 (34-79) 0.360
Body mass index (kg/m?) 22.9 (14.9-32.4) 23.1 (17.3-30.5) 23.1 (16.3-31.5) 0.872
Prior abdominal surgery: n (%) 15 (25.4) 16 (23.2) 16 (21.6) 0.875
Dukes’ stage (n)
A 45 52 46
B 2 2 9
C 8 11 18
D 4 4 2
AB+C+D 45:14 52:17 46:29 0.093
Location (n)

Cecum 3 10 5

Ascending colon 4 13 15

Transverse colon 6 9 7

Descending colon 6 5 7

Sigmoid colon 23 20 27

Rectosigmoid/upper rectum 10 7 4

Middle rectum 3 3 4

Lower rectum 4 2 6

Colon:rectum 42:12 57:12 60:14 0.238
Laparoscopic colorectal procedures (i)

Ileocecal resection ) S 7 7

Right hemicolectomy 5 18 14

Transverse colectomy 4 4 4

Left hemicolectomy 0 1 i

Descending colectomy 5 4 6

Sigmoid colectomy 20 17 24

Partial resection 3 6 5

Anterior resection with DST 16 10 12

Anterior resection with ISR-CAA i 2 1

Abdominoperineal resection 0 0 1

Transverse-coloplasty pouch 0 2 2

Covering ileostomy 4 2 5
DST, double-stapling technique; ISR-CAA, intersphincteric rectal resection and handsewn coloanal Anastomosis
2 Values are mean (range)
metachronous lymph node recurrence from lingual car-  Table 2. Operative results®
cinoma. Data on these combined surgical techniques all
were included in the analyses of colorectal carcinoma 2002 5 2003 6 2004 74
surgeries. (n ) (n ) (n ) p Value

Our operative results are shown in Table 2. All the
procedures in this study were completed laparoscopi-
cally. There were no significant differences in operative
time or intraoperative blood loss among the groups. The
postoperative courses are shown in Table 3. Most of the
patients started liquid intake on postoperative day 1 and
solid food on day 3. However, there was a significant
difference in the rates of prolonged postoperative hos-
pital stay by year of surgery. All the patients were
discharged to home.

The postoperative complications are listed in Ta-
ble 4. There were no perioperative mortalities. No sig-
nificant differences in complication rates over the years
were observed, although a major complication, anasto-
motic leakage, occurred for one patient in 2004 and was
successfully treated conservatively. None of the patients
in the current series required reoperation. »

The reasons for prolonged postoperative hospital
stays are listed in Table 5. Inappropriate judgment of
the physician in charge, based primarily on requests
from patients without medical necessity, disappeared in

Lap colectomy ) :
Operative time 201 (115-345) 200 (117-348) 214 (140-495) 0.219
(min)

Intraoperative 30 (6-219) 30 (10-248) 38 (7-256) 0.157
blood loss (ml)
Conversion (n) 0 0 0
Lap-AR+APR

Operative time 244 (190-392) 263 (200-472) 283 (215-430) 0.570
(min)

Intraoperative 54 (10-265) 63 (1 1-250) 84 (14-477) 0.661
blood loss (ml)
Conversion (n) 0 0 0

Lap, laparoscopic; AR, anterior resection; APR, abdominoperineal
resection
* Values are medians (range)

2004. By the end of the study period, two patients had
experienced recurrence (hepatic metastases). At this
writing, in 2005, 49 patients have undergone LS, and
all have been discharged to home without major
complication.

o7



Table 3. Postoperative results

2002 (n = 59) n (%) 2003 (n = 69) n (%) 2004 (n = 74) n (%) p Value

Lap colectomy

Liquid intake range (days)

1 POD 38 (90.4) 54 (94.7) 59 (98.3)

2 POD 2 (4.8) 3(5.3) 0

3 £ POD 2(4.8) 0 () 1(1L.7)

Solid food (days)

2 POD 0 0 (0) 0

3 POD 31(73.8) 51 (89.5) 56 (93.3)

4 < POD 1 (26.2) 6 (10.5) 4(6.7)

Hospital stay (days)

7 POD 5(11.9) 19 (33.3) 28 (46.7)

8 POD 17 (40.5) 28 (49.1) 31 (51.7)

9 < POD 20 (47.6) 10 (17.5) 1(L.7

Range 7-20 7-15 721
Lap-AR + APR

Liquid intake range (days) .

1 POD 16 (94.1) 10 (83.3) 13 (92.9)

2 POD 1(5.9) 1(8.3) 0(0)

3 < POD 0 (0) 1(8.3) 1(7.1

Solid food (days)

2 POD 3(17.6) 1(8.3) 3(21.4)

3 POD 6 (35.3) 9 (75.0) 9 (64.3)

4 < POD 8 (47.1) 2 (16.7) 2(14.3)

Hospital stay (days) -

7 POD 2(11.8) 4 (33.3) 5(35.7)

8 POD 3 (17.6) 6 (50.0) 8 (57.1)

9 < POD 12 (70.6) 2(16.7) 1(7.1)

Range 7-12 7-17 7-23
Total (Lap-colectomy + AR + APR)

Hospital stay (days)

7-8 POD 27 (45.8) 57 (82.6) 72 (97.3) <0.0001

9 < POD 32 (54.2) 12 (17.4) 227

Lap, ]aparoséopic; POD, postoperative days; AR, anterior resection; APR, abdominoperineal resection

Discussion

To date, the quality of LS for colorectal carcinoma has
been assessed by the median or range of the postoperative
hospital stay, the complication rate, and the conversion
rate. However, with only these values, it is impossible to
assess accurately the degree of the effect that each com-
plication has on the length of postoperative hospitaliza-
tion for patients overall. This means that the rate of
patients undergoing LS who have benefited from mini-
mally invasive surgery has not been properly evaluated. If
the greatest advantage of LS is minimal invasiveness, LS
must ultimately be linked to shortened postoperative
hospitalization. However, no reports have focused on the
rate of reduction in the length of postoperative hospital
stay after LS. In our hospital, patients are supposed to be
discharged after LS until postoperative day 8. As expe-
rience with LS cases accumulated, surgical and postop-
erative management procedures became unified. The
timing for the start of solid food intake became earlier in
2004 than in 2002, and this may have contributed to the
significantly shortened period of postoperative hospital-
ization in 2004. Furthermore, major complications that
required prolonged postoperative hospital stay were re-
duced. As a result, in 2004, 97.3% (72/74) of our patients
undergoing LS could be discharged to home within 8
days postoperatively. Major complications occurred at a
low rate of 1.4% (1/74) in 2004. Needless to say, this low
rate contributed greatly to the current results.

The current report deals with the length of postop-
erative hospital stay. Recent reports from randomized
controlled trials (RCTs) and single institutions investi-
gating a number of cases in western countries indicate
that the median or mean length of hospital stay after LS
for colorectal carcinoma ranges from 5 to 9 days[1, 2, 6,
7, 9, 14, 16]. The appearance of this range may be
attributable to social factors such as differences in
medical fees, medical insurances, and medical systems
among countries rather than differences in the quality of
surgery. According to former studies from Japan, Jap-
anese patients tend to stay in the hospital longer than
patients in western countries [20]. The reasons for this
tendency include the following facts. From the per-
spective of patients in Japan, public health insurance
covers 70% of the total medical cost for every patient,
with the patients paying only 30% of the cost. Socially
disadvantaged people do not have to bear their medical
expense no matter how many days they are hospitalized.
Furthermore, for a patient undergoing surgery, the cost
of surgery accounts for the greater part of the total
medical cost. Hence, if the duration of hospital stay is
lengthened by 1 day, the patient pays only several tens of
dollars in additional cost. Furthermore, many Japanese
patients have private health insurance, which pays the
patient a specified amount of money per day of hospi-
talization. Under some types of insurance contract, the
longer the patient stays in hospital, the more the insur-
ance dividend will be, thereby yielding greater “earn-
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Table 4. Morbidities and mortality®

2002 2003 2004
(n=259) (=269 (n=74 pValue

Lap colectomy

Mortality 0 0 0
Morbidity

Wound sepsis 3 2 6
Bowel obstruction 2(1) 3(D I
Urinary tract infection 2 (2) 1 0
Pneumonia 0 (D 0
Pneumothorax 0 1 (D) 0
Pulmonay embolism 0 (1) 0
Enterocolitis 0 I 0
Total 7@ 10 (4) 7(0)
Reoperation 0 0 0
Readmissions 1 3 0
_ap-AR + APR

Mortality 0 0 0
Morbidity

Wound sepsis 0 2 1
Bowel obstruction 0 (D) 0
Anastomotic leakage 0 0 L)
Abscess 0 (1 0
Pneumonia 0 0 I
Neurogenic bladder 1(D) 0 0
Total (D) 4(2) 3(D
Reoperation 0 o - 0
Readmissions 0 0 0
lotal complication: 8 (13.5) 14 (20.3) 10(13.5) 0.4595
n (%)

viajor complication: 5 (8.5) 6 (8.7) (1.4 o011
n (%)

-ap, laparoscopic; AR, anterior resection; APR, abdominoperineal
esection
No. of major complications in parentheses

Fable 5. Reasons for prolonged postoperative hospital stay

2002 2003 2004
(n = 32) (n=12) (n=2)
Aajor complication 5 6 1
dthers
Treatment for comorbid 3 1 1
disease
[leostomy management 4 0 0
Inappropriate judgment 20 5 0

of the physician in charge

ngs.” Under these circumstances, patients do not need
o be discharged from the hospital quickly.

In contrast, at our institution, if there is no major
omplication after LS, the patient is supposed to be
lischarged by postoperative day 8, but no patients
vished to leave hospital earlier than postoperative day
. Furthermore, the results of the current study in terms
f postoperative stay after LS for colorectal carcinoma
re some of the shortest reported in Japan. Obviously,
his situation in Japan is wasting medical funds. It goes
vithout saying that the situation must be improved.
‘rom the results of the current study, we consider that
he appropriate duration of postoperative hospital stay
fter LS is 5 to 7 days. Early discharge within 5 days
aight be possible for some patients. However, it is
ecessary to confirm the safety of early discharge,
specially for patients with rectal carcinoma who have

undergone anterior resection, because for some patients,
fatal complications accompanied by anastomotic leak-
age might occur approximately 7 days after surgery.

With regard to the oncologic outcome of LS for
colorectal carcinoma, recently reported RCTs have
demonstrated that LS is comparable with open surgery
or superior to it [6, 12, 14]. The results of some other
RCTs to be published in the near future also are
attracting attention. However, in Japan, RCTs for gas-
trointestinal malignancies have not been widely accepted
in the past because of concerns about consequences if
one form of treatment is shown to be inferior to the
other. For this reason, a prospective multicenter trial
with patients undergoing laparoscopic colectomy for
advanced carcinoma has not been performed. However,
fertile ground for RCTs comparing surgical techniques
has finally begun to develop among both patients and
surgeons in Japan. Consequently, a multicenter RCT
comparing LS and open surgery outcomes for advanced
colorectal cancer was begun in 2004 [11]. The distinctive
features of this trial are that all the participating insti-
tutions have sufficient experience not only in open sur-
gery, but also in LS, and that D3 lymphadenectomy is
being required as a rule for all patients because this has
been regarded as the standard surgical procedure for
advanced colorectal carcinoma in both LS and open
surgery. The results of this Japanese study will be pub-
lished later than those of similar studies in western
countries, but this study is receiving attention as an
RCT performed by surgeons with sufficient accumulated
experience in LS and specializing in colorectal
carcinoma surgery using LS.

The issue in the expansion of the indications for LS
for colorectal carcinoma is whether it can be performed
for patients with middle or lower rectal carcinoma. The
technical difficulty of surgery is high in such cases. If the
rate of conversion to open surgery increases, the short-
term outcomes of LS will be shifted to the outcomes of
open surgery, thus making it difficult to detect differ-
ences between the two surgeries [9, 22]. In addition, if
the complication rate increases, it could lead to pro-
longed postoperative hospitalization, thereby canceling
the advantages of LS. The most important issue is
whether LS can yield a treatment outcome comparable
with that of open surgery in cases of advanced rectal
cancer. The most difficult complication to manage is
anastomotic leakage. In cases of middle and lower rectal
carcinoma, the occurrence of anastomotic leakage re-
quires not only prolonged hospitalization, but also a
temporary or permanent stoma in some patients,
thereby resulting in an unavoidable deterioration in
quality of life. Moreover, anastomotic leakage may
cause fatal peritonitis, or may promote intrapelvic
recurrence in some cases [4]. However, with regard to
the technical issue, as shown by the results of this study
and recently published papers, when surgeons with
sufficient experience in LS for rectal carcinoma are in
charge of the procedure, it can be performed successfully
as minimally invasive surgery in cases of middle and
lower rectal carcinoma [2, 3, 5, 8, 13, 18, 19, 24].

In the previous report from our institution, short-
term outcomes were compared between patients with
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colon carcinoma and those with rectal carcinoma, all of
whom underwent LS. The complication rates and
postoperative courses between the two approaches were
similar [23]. Needless to say, in cases of middle and
lower rectal carcinoma as well, further investigations in
multicenter RCTs are needed regarding short- and long-
term outcomes.

One distinctive feature of LS for rectal carcinoma at
our institution is that only one patient underwent APR.
The background factor behind this is that whether we
select open surgery or LS, we usually perform ISR-CAA
in T1-T2 cases of lower rectal carcinoma, and also in
many T3 cases if the patient expresses a request. Re-
cently, favorable oncologic and functional outcomes of
ISR-CAA have been reported, and the number of pa-
tients undergoing ISR-CAA using LS is expected to
increase in the coming years [18, 21]. Only one patient
who underwent laparoscopic APR in 2004 was preop-
eratively judged to be a candidate for ISR-CAA by LS.
However, that patient’s choice was APR.

The mean operative time in the current study was
slightly longer than that reported in previous studies.
This may be partially because of gradual increases in the
proportion of patients with relatively advanced stages of
disease who underwent LS. Other reasons might be that
trainee doctors perform part or all of the surgical pro-
cedure under the guidance of staff doctors in many
cases, and that we have been unable to establish a lap-
aroscopic team. However, it is evident that the quality of
our operations has not been lowered, as demonstrated
by the results of this study.

In conclusion, the surgical outcome for LS at our
institution demonstrated that when LS is performed
properly by specialists who have accumulated sufficient
experience in both LS and open surgery for colorectal
carcinoma, up to 97% of patients undergoing LS can
benefit from minimally invasive surgery. To expand the
use of minimally invasive surgery for advanced
colorectal carcinoma, it goes without saying that while
making efforts to acquire high-level technical skills, it is
also necessary to confirm the oncologic safety of LS.
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PURPOSE: With advances in diagnostic techniques and
treatment modalities, the number of patients identified
with colorectal carcinoma who develop multiple primary
malignancy during long-term follow-up has been increas-
ing. We investigated multiple primary malignancies occur-
ring in a large number of colorectal carcinoma patients
who had undergone surgery in the 1980s at our institution.
METHODS: A total of 1,304 Japanese patients with
colorectal carcinoma treated between January 1980 and
December 1989 were prospectively followed to investigate
the situations in which multiple primary malignancies
occurred. To determine whether the incidence of multiple
primary malignancies in this series was higher than
expected, we calculated the expected numbers of carcino-
ma occurrences and evaluated these findings by exact
binomial test. RESULTS: The median follow-up period was
95 months. The incidence of multiple primary malignancy
was 18.7 percent (143/765) among males and 14.7 percent
(79/539) among females. The most common site of
multiple primary malignancy among males was the stom-
ach, followed by the lung, prostate, larynx, liver, esopha-
gus, and urinary bladder. The most common site among
females was the uterus, followed by the stomach, breast,
and liver. The sites that showed a higher incidence of
multiple primary malignancy than the expected value were:
the prostate, larynx, urinary bladder, oral cavity/pharynx
and thyroid among males, and the uterus and oral cavity/
pharynx among females. CONCLUSIONS: Fifteen to 20
percent of Japanese colorectal carcinoma patients experi-
enced multiple primary malignancies. Postoperative long-
term screening methods should be established considering
the actual occurrence numbers and risk rate of multiple
primary malignancies in addition to metachronous colorec-
tal carcinoma. [Key words: Colorectal carcinoma; Multiple
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carcinoma occurrences)

he incidence rates of each organ carcinoma vary

with the times, racial or ethnical groups, and
countries. In terms of age-adjusted incidence rates in
Japan, a recent report showed that the most common
carcinoma among males is gastric carcinoma, fol-
lowed by colorectal carcinoma and lung carcinoma;
and the most common carcinoma among females is
colorectal carcinoma, followed by breast carcinoma
and gastric carcinoma.! Among those carcinomas, the
incidence of colorectal carcinoma is rising among
both males and females. With advances in diagnostic
techniques and treatment modalities, the outcomes
of colorectal carcinoma treatment have improved,
whereas the number of patients who develop
multiple primary malignancy during long-term fol-
low-up has simultaneously increased. However, with
regard to the incidence of concurrent colorectal
carcinoma and multiple primary malignancy in
Japanese patients, many previous reports have
merely indicated the number of concurrences, and
few reports have described the incidence of the
concurrences in relation to patient age and follow-up
period.>”

Taking patient age and follow-up period into
consideration, we investigated the situations in
which multiple primary malignancies occurred dur-
ing long-term follow-up of a large number of
colorectal carcinoma patients who had received
treatment in the 1980s at our institution. This paper
reports the findings of the investigation.
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PATIENTS AND METHODS

A total of 1,304 Japanese patients underwent
colorectal carcinoma surgery at our institution be-
tween January 1980 and December 1989, and patient
information and follow-up data were prospectively
collected and added to the department database. In
terms of follow-up, we routinely conducted periodic
check-ups for the recurrence of colorectal carcinoma
until the fifth postoperative year. No routine exami-
nations were performed for multiple primary malig-
nancies. Multiple primary malignancies were
confirmed only when patients with multiple primary
malignancies were diagnosed or treated at our
institution, or documentation from other hospitals
was obtained. The follow-up periods was defined as
the interval between the date of surgery for colorec-
tal carcinoma and the date at which information
regarding the occurrence or absence of multiple
primary malignancies was confirmed. We defined
metachronous and synchronous carcinomas accord-
ing to the criteria used by Warren and Gates®;
synchronous carcinoma was defined as tumors
detected after an interval of less than one year, and
metachronous carcinoma was defined as tumors
detected after an interval of one year or longer.
Fifteen patients with familial adenomatous polyposis
were excluded, but six patients with hereditary
nonpolyposis colorectal carcinoma (HNPCC) were
included in this study.

Statistical Analysis

To determine whether the incidence of multiple
primary malignancies in this series was higher than
the average incidence in Japan, we calculated the
expected numbers of carcinoma occurrences by
gender and tumor site for each of the following three
periods: 1) from the date of birth to the date of
surgery, 2) from the date of surgery to the final date
of confirmation of survival, and 3) from the date of
birth to the final date of confirmation; then we
compared those expected numbers with the ob-
served numbers.

The expected numbers of carcinoma incidences
were computed by summing the cumulative risk of
developing carcinoma for each patient during the
period; those numbers were calculated based on the
age-specific and gender-specific carcinoma incidence
rates in Japan."’ For example, the cumulative risk of
stomach cancer from the date of surgery (1985) to
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the final date of confirmation of survival (1995) for a
female patient aged 60 years at surgery was obtained
by the sum of the incidence rates of stomach cancer
for females aged 60 years in 1985, that for females
aged 61 years in 1986, . . ., and that for females aged
70 years in 1995. In the case of a period of less than
one year, the probability was obtained by multiply-
ing the incidence rate by the number of days per
365.25. The methods of estimating cancer incidence in
Japan and their limitations have been explained in
previous reports, and corrections were applied to
minimize any possible bias.” The cancer incidence
rates after 2000 and before 1974 were assumed to be
equal to those of 1999 and 1975, respectively, because
data before 1974 and after 2000 have not been
published. The two-tail P value was calculated exactly
based on binomial distribution (exact binomial test).
Clinicopathologic parameters, such as gender, age,
location of tumor, Dukes stage, and presence or
absence of adjuvant treatment were compared by
using Student’s #-test or the chi-squared test where
appropriate. P < 0.05 was considered significant.

RESULTS

Patient Characteristics

The follow-up periods for all patients ranged from
1 to 269 (median, 95) months. The mortality rate for
male patients was 51.9 percent (397/765), and that
for female patients was 41.7 percent (225/539). The
patient demographics are summarized in Table 1.
The incidence of multiple primary malignancy was
18.7 percent (143/765) among males and 14.7
percent (79/539) among females, showing no differ-
ence between the two groups (P = 0.0614). A
comparison between patients with only colorectal
carcinoma (O) and patients with multiple primary
malignancies (M) demonstrated that the mean age at
the onset of colorectal carcinoma was significantly
higher in the M group among both males and
females (P < 0.0001, P = 0.0008, respectively). With
regard to the locations of colorectal carcinoma, the
proportion of M was significantly higher among male
colon carcinoma patients (P = 0.0002), but there was
no difference among females (P = 0.6277). Patients
with a more advanced Dukes stage had a significant-
ly lower proportion of M in both males and females
(P < 0.0001, P = 0.0049, respectively). With regard to
adjuvant treatment, 37 patients underwent adjuvant
radiotherapy and no patients developed subsequent
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Table 1.
Characteristics of the Patients
Male (n = 765) Female (n = 539)
Only Colorectal ~ Multiple Primary ~ Only Colorectal  Muiltiple Primary
Carcinoma Malignancies Carcinoma Malignancies
Variable (n=622) (n = 143) (n = 460) (n=79)
Mean age at surgery for colorectal 58.9° 652 58.4° 63.2°
carcinoma (yr)
Synchronous 67.5 67.5
‘Metachronous~colorectal
carcinoma preceding
Age at colorectal carcinoma (yr) 61.2 59.4
Age at multiple primary 69.6 67.1
malignancies (yr)
Metachronous—multiple primary
malignancies preceding
Age at multiple primary 58.1 53.5
malignancies (yr)
Age at colorectal carcinoma (yr) 67.4 64.6
Location®
Colon 272° 87° 229° 3r?
Rectum 348° 55° 229¢ 429
Dukes stage
A 105° 41° 86’ 17
B 177° 49° 110 31
c 194° 33° 142 20f
D 146° 20° 122 9
2P < 0.0001;
®P = 0.0008;
°P = 0.0002;
9P = 0.6276;
¢P < 0.0001;
P =0.0049.

YFive patients with synchronous or metachronous carcinoma of the colon and rectum were excluded from the
analysis.

Table 2.
Observed and Expected Number of Multiple Primary Malignancies in Males (n = 143)
Total No. Multiple Primary Malignancies Colorectal Carcinoma
of Malignancies Preceding and Synchronous Preceding
Site Obs Exp P Value Obs Exp P Value Obs Exp P Value
Stomach 59 547 0.5277 37 33.4 0.8596 22 208 0.7395
Lung 25 22.9 0.5957 13 10.2 0.0063 12 12.3 1
Prostate 12 5.5 0.0144 1 1.7 <0.001 1 3.6 0.0013
Larynx ki 2.1 <0.001 8 1.2 0.0066 3 1 0.0735
Liver 10 14 0.3441 3 6.9 0.2435 7 7 1
Esophagus 10 6.1 0.1468 5 3.2 0.0156 5 2.9 0.2198
Urinary bladder 10 4.9 0.0361 7 2.3 0.0283 3 2.6 0.7475
Oral cavity/pharynx 7 2.9 0.0274 4 1.6 0.0217 3 1.3 0.1412
Malignant lymphoma 5 3.7 0.4248 3 2.1 0.4786 2 1.5 0.6642
Kidney 4 2.8 0.372 2 1.3 0.0428 2 1.5 0.6643
Skin 4 1.7 0.093 4 0.9 0.5772 0 0.8 1
Pancreas 3 5.8 0.3958 1 29 0.7657 2 2.8 1
Thyroid 3 0.6 0.025 3 0.3 0.2849 0 0.3 1
Other 6 1 5
Total 169 92 77

Obs = cbserved; exp = expected.
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Table 3.
Observed and Expected Number of Multiple Primary Malignancies in Females (n = 79)
Total No. of Muitiple Primary Malignancies Colorectal Carcinoma
Malignancies Preceding and Synchronous Preceding
Site Obs Exp  PValue Obs Exp P Value Obs Exp PValue
Uterus 26 8.1 <0.001 19 6.3 0.3079 7 1.8 0.0026
Stomach 18 174 0.8053 7 10.9 0.4458 1 6.1 0.061
Breast 14 9.4 0.1342 12 6.2 0.5413 2 3.1 0.7761
Liver 4 3.1 0.5618 0 14 0.0589 4 1.6 0.0845
Biliary tract 3 3.0 0.7744 1 1.3 0.1521 2 1.6 0.6755
Oral cavity/pharynx 3 0.7 0.0398 1 0.4 0.0617 2 0.3 0.0456
Malignant lymphoma 3 1.4 0.161 1 0.7 0.1713 2 0.6 0.1287
Skin 3 0.9 0.0628 1 0.4 0.0619 2 0.5 0.0842
Thyroid 3 1.4 0.1638 2 0.8 0.0434 1 0.6 0.4602
Lung 2 4.6 0.3431 1 2.1 0.7298 1 2.4 0.7397
Other i 9 2
Total 90 54 36

Obs = observed; exp = expected.

malignancies. On the other hand, subsequent malig-
nancies developed in 36 of 516 patients (7 percent)
who received adjuvant chemotherapy and in 85 of
788 patients (10.8 percent) who did not receive
adjuvant chemotherapy (P = 0.0263).

Multiple Primary Malignancies

The most common site of multiple primary malig-
nancy among males was the stomach, followed by
the lung, prostate, larynx, liver, esophagus, and
urinary bladder (Table 2). In detail, the most
common site of multiple primary malignancy in male
colon carcinoma patients was the stomach (45
percent, 40/88) followed by the lung (14 percent,
12/88), whereas the incidences of stomach (35
percent, 19/53) and lung (23.4 percent, 13/55)
carcinoma differed in male rectal carcinoma patients.
The most common site among females was the
uterus, followed by the stomach, breast, and liver
(Table 3). '

The sites that showed a higher incidence of
multiple primary malignancy than the expected value
were the prostate, larynx, urinary bladder, oral cavity/
pharynx, and thyroid among males, and the uterus
and oral cavity/pharynx among females. In particular,
sites showing a significantly higher rate of malig-
nancy than the expected value after colorectal carci-
noma surgery were the prostate among males, and the
uterus and oral cavity/pharynx among females.

With regard to uterine carcinoma, 14 cases had
cervical carcinoma (12 cases of squamous-cell carci-
noma and 2 cases of adenocarcinoma), 10 cases had
corpus carcinoma {9 cases of adenocarcinoma and 1

case of adenosquamous carcinoma), and the details
were unknown in 2 cases. The mean age at the onset
of carcinoma was 55.3 (range, 33-76) years in
cervical carcinoma cases, and 59.4 (range, 35-82)
years in corpus carcinoma cases.

DISCUSSION

In Japan, the incidence of colorectal carcinoma has
shown a tendency to increase in recent years, and as
the treatment outcomes for each organ carcinoma
have improved, it is not unusual to see patients with
multiple malignancies involving the colorectum and
other organs.’? In the current series of Japanese
colorectal carcinoma patients, multiple primary ma-
lignancy occurred in 18.7 percent of males, among
whom the most common site was the stomach, and
in 14.7 percent of females, among whom the most
common site was the uterus. The organs in which
multiple primary malignancies occurred in colorectal
carcinoma patients at a higher incidence than the
expected values were the prostate, larynx, urinary
bladder, oral cavity/pharynx, and thyroid among
males, and the uterus and oral cavity/pharynx among
females, which were not necessarily correlated with
the numbers of carcinoma occurrences. In previous
studies, the reported incidence of other organ
carcinomas among colorectal carcinoma patients in
Japan ranged from 3 to 8.7 percent, but all of those
studies used shorter follow-up periods than our
study.?>” Our long-term follow-up demonstrated that
15 to 20 percent of Japanese colorectal carcinoma
patients experience multiple primary malignancies.
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In the results indicated above, there are some
noteworthy observations. First, for gastric carcinoma,
its incidence in Japan ranks high among both males
and females, and also in our study, the occurrence of
gastric carcinoma ranked high among both males
and females,*®*! but the number was almost the
same as the expected value. Hence, it is conceivable
that the high occurrence of gastric carcinoma in
Japanese colorectal carcinoma patients is merely a
reflection of the high incidence of gastric carcinoma
in Japan. However, uterine carcinoma was the most
common carcinoma among female patients, showing
a significantly higher rate than the expected value.
With regard to the occurrence of uterine carcinoma
among Japanese females, a comparison between
data from 1975 and data from 1998 shows that the
age-standardized incidence of invasive cervical car-
cinoma decreased by approximately one-half from
13.4 to 7.2 per 100,000 females; conversely, the
corpus carcinoma incidence increased from 1.4 to
4.5 per 100,000 females,'* and in 1998, the ratio of
invasive cervical carcinoma to corpus carcinoma was
1.6:1. In this study, these two carcinomas occurred to
ratio of 14:10, and the inclusion of HNPCC cases did
not result in a particularly high proportion of corpus
carcinoma occurrence. The incidence of uterine
carcinoma in Japanese females with colorectal carci-
noma needs further investigation in the light of the
increasing tendency of patients with corpus carcinoma.

An interesting point in this study is that, in male
patients, the incidence of malignancies such as larynx,
urinary bladder, and oral cavity/pharynx carcinomas,
was significantly higher than the expected value. One
of the background factors contributing to such a
higher rate may be cigarette smoking. In Japan, adult
males have a smoking rate of approximately 50
percent, compared with 20 to 30 percent in Westemn
countries.”®> Recently it has been reported that
smoking also is associated with colorectal polyp
and colorectal carcinoma.’*'® To determine whether
colorectal carcinoma is a cigarette-associated malig-
nancy and whether cigarette-associated malignancies
are likely to occur frequently in colorectal carcinoma
patients, it is necessary to conduct further study
analyzing a large number of patients followed for a
-long period.

Regarding the occurrence of other organ carcino-
mas in colorectal carcinoma patients, the .role of
genetic factors that contribute to diseases, such as
HNPCC, also should be investigated. The reported
frequency of HNPCC accounts for up to 5 percent in
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Western countries, whereas in Japan the frequency
ranges from 0.15 to 0.2 percent, which is a greatly
low incidence.’” ™ This low rate will possibly rise in
future long-term investigations, because the surveil-
lance of patients with HNPCC has just begun in
Japan.’ The incidence of multiple primary malig-
nancy has been reported to be high in patients with
HNPCC.*®?! In this study, we found ten cases of
corpus carcinoma; however, as described above, the
inclusion of HNPCC cases did not result in a
particularly high proportion of corpus carcinoma.
Similarly, we also found carcinoma of the renal pelvis
in only one case among males, and carcinoma of the
small intestine and ureter in only one case among
females. It has been pointed out that gastric carcino-
ma also may occur frequently in patients with
HNPCC, but as indicated above, it could be specu-
lated that the high occurrence of gastric carcinoma in
Japanese colorectal carcinoma patients is merely the
result of the high gastric carcinoma incidence in
Japau’l‘3 19

In this study, patients with a more advanced Dukes
stage had a significantly lower proportion of multiple
primary malignancies in both males and females
(Table 1). This can be explained by patients with a
more advanced Dukes stage having a lower survival
rate, resulting in shorter term follow-up and a lower
proportion of multiple primary malignancies. How-
ever, patients with multiple primary malignancies
demonstrated that the mean age at the onset of
colorectal carcinoma was significantly high in both
males and females compared with that in patients
with single colorectal carcinoma. Although patients
with single colorectal carcinoma are candidates for
subsequent multiple primary malignancies with co-
lorectal carcinoma, the reason for this result needs
further investigation. Regarding the proportion of
multiple primary malignancies, the proportion rate
was significantly higher among male colon carcino-
ma patients than male rectal carcinoma patients. One
possible reason for this is that HNPCC patients were
included in this study. Obviously, the rates of colon
carcinoma and multiple primary malignancies are
elevated in HNPCC patients; however, there was no
difference among females, although HNPCC patients
also were included. The reason for the difference in
incidence between male colon and rectal carcinoma
patients needs further investigation.

Obviously, this study has some limitations. With
regard to the effects of cigarette smoking, the
patients in our series were not interviewed in detail
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about their smoking history and we, therefore, could
not accurately investigate the contribution of smok-
ing to carcinogenesis in patients with colorectal
carcinoma or in patients who developed multiple
primary malignancy. In addition, no investigation
into carcinoma occurrence in family members was
performed during the long-term follow-up period,
and hence we also could not obtain data regarding
situations in which HNPCC and other hereditary
colorectal carcinomas occurred. Moreover, the influ-
ence of adjuvant treatment on subsequent malignan-
cies needs further investigation. In this study, no
patient developed subsequent malignancies after
radiotherapy. One possible reason for this is that
patients who received radiotherapy were in a
relatively advanced stage, and that only 9 of 37
patients who received radiotherapy survived for
more than five years from the surgery for colorectal
carcinoma. These points need to be improved in
further studies.

CONCLUSIONS

This study was able to obtain some interesting
findings on the incidence of other organ carcinomas
in Japanese colorectal carcinoma patients. By con-
ducting long-term follow-ups, we found that 15 to 20
percent of these patients in Japan develop multiple
primary malignancies. This frequency is projected to
rise in future studies with long-term follow-up. For
colorectal carcinoma patients, postoperative long-
term screening methods should be established,
considering the actual occurrence numbers and the
risk rate of multiple primary malignancies in addition
to metachronous colorectal carcinoma.
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Background: Second hepatectomy is a potentially curative treatment for patients with he-
patic recurrence of colorectal cancer. However, there is still no consensus about the patient
selection criteria for second hepatectomy under these circumstances, and the factors affecting
prognosis after second hepatectomy remain uncertain.

Methods: Clinicopathologic data for 111 consecutive patients with colorectal liver metas-
tasis who underwent second hepatectomy at a single institution between 1985 and 2004, and
for whom complete clinicopathologic reports were available, were subjected to univariate and
multivariate analyses.

Results: The morbidity and mortality rates were 14% and 0%, respectively, and the overall
5-year survival rate was 41%. Multivariate analysis revealed that synchronous resection for the
first liver metastasis (hazard ratio, 1.8), more than three tumors at the second hepatectomy
(1.9), and histopathological involvement of the hepatic vein and/or portal vein by the first liver
metastasis (1.7) were independently associated with poor survival. We used these three risk
factors to devise a preoperative model for predicting survival. The S-year survival rates of
patients without any risk factors, and with one, two, or three risk factors, were 62%, 38%,
19%, and 0%, respectively.

Conclusions: Second hepatectomy is beneficial for patients without any risk factors. Before
second hepatectomy, chemotherapy should be considered for patients with any of these risk
factors, especially with two or three factors, in the adjuvant or neoadjuvant setting to prolong
survival. These results need to be confirmed and validated in another data set or future
prospective trial according to the scoring scheme we outline.

Key Words: Second
factor-—Neoadjuvant chemotherapy.

hepatectomy—Colorectal

cancer—Liver metastasis—Prognostic

Hepatectomy is the best and most potentially
curative treatment for patients with colorectal liver
metastases, yielding a 5-year survival rate of 38% to
51%.'"> After a first hepatectomy, 60% to 70% of
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patients will develop recurrent disease, and one-third
of these recurrences are limited to the liver.® The
safety of hepatectomy has been increasing as a result
of improvements in surgical techniques and periop-
erative management, and second liver resection has
also been performed for patients with récurrents.
colorectal liver metastases. During the pdst decade,
the reported outcomes of second hepatectomy Have
ranged from 21% to 49% in terms of 5-year survival
after surgery. However, after second hepatectomy,
some patients develop early recurrence in the liver,
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lung, and other organs, and in most of them, the
disease is unresectable. Patients who experience
recurrence within 6 months after second hepatectomy
are already considered to have systemic disease be-
fore they undergo surgery. For such patients with
systemic colorectal metastases, second hepatectomy is
not beneficial and can even be harmful. However, the
factors predicting early recurrence and poor outcome
have not been established.

The purpose of this study was to find criteria that
could be used to identify patients with recurrent liver
metastases from colorectal cancer before surgery who
would have a poor prognosis after second hepatec-
tomy.

MATERIALS AND METHODS

Between October 1985 and November 2004, data
for 111 consecutive patients with recurrent liver
metastases from colorectal cancer who underwent
first and second hepatectomies at the National Can-
cer Center Hospital, Tokyo, were collected and re-
viewed. Patients who did not undergo initial liver
resection at our hospital were excluded from the
study because we were unable to obtain enough
clinicopathologic data for them.

We investigated 27 clinicopathologic variables
pertaining to patient characteristics, clinical data, and
histopathologic findings, such as sex, age, primary
cancer location, lymph node status, timing of first
hepatectomy, number of hepatic metastases, tumor
diameter, tumor distribution, preoperative serum
carcinoembryonic antigen level, extent of liver resec-
tion, surgical margin, venous invasion by liver
metastases, and bile duct invasion. The extent of liver
resection was defined according to the nomenclature;
wedge, segmental, and bisegmental resections were
classified as minor resection, and hemihepatectomy
or more extended resections were classified as major
resection. Patient outcomes were determined on the
basis of clinical data obtained from the files as of
August 2005. The median follow-up period for the
111 patients after second liver resection was 43
months (range, 1-207 months).

The prognostic significance of clinicopathologic
factors in relation to survival was investigated by
univariate and multivariate analyses. Data were
censored in the analysis of overall survival if a patient
was alive, and in the analysis of disease-~free survival
if a patient was alive without recurrent colorectal
cancer. Survival rates were calculated by the Kaplan-
Meier method and compared statistically by the log-
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rank test. Univariate comparisons of survival were
performed by the log-rank test and multivariate
analysis by the Cox regression model with the for-
ward stepwise method (likelihood ratio). All variables
were dichotomized for analysis. All statistical analy-
ses were performed by SPSS for Windows, version 6.0
(SPSS-Japan Inc., Tokyo, Japan). All P values were
two-sided, and differences at P < .05 were consid-
ered to be statistically significant.

RESULTS

Patient Characteristics and Follow-up

The 111 patients who underwent second hepatic
resection with curative intent included 74 men and 37
women with a mean age of 59 years. The median
interval between the first and second hepatic resec-
tions was 16 months (range, 4-96 months). At the last
follow-up, 37 patients (34%) were alive with no evi-
dence of recurrence, 12 (11%) were alive with disease,
61 (55%) had died of disease, and | patient was lost to
follow-up. There were 23 actual 5-year survivors. The
median follow-up time from primary resection was 69
months (range, 11-249 months), and the median
follow-up from the second liver resection was 43
months (range, 1~207 months).

Clinical Features and Pathology

Primary Tumor

The site of the primary cancer was the colon in 75
patients (68%) and the rectum in 36 (32%). Histo-
logically, there were 50 well-differentiated, 58 mod-
erately differentiated, and 1 poorly differentiated
adenocarcinoma, and 2 mutinous carcinomas. Met-
astatic lesions in the liver were found synchronously
with the primary tumor in 58 patients (stage IV). Of
the 53 patients with metachronous liver metastases,
13 patients had no lymph node metastasis (stage I or
II), and 40 patients had lymph node metastasis (stage
I1I). :

First Liver Resection

Of the 53 patients with metachronous liver metas-
tases, the median interval between the primary
resection and the first hepatectomy was 16 months
(range, 4-60 months), and.25 patients (47%) under-
went the second hepatectomy within 12 months.
Unilobar involvement was observed in 68 patients
and bilobar involvement in 43. At the first hepatec-
tomy, 43 patients had a solitary hepatic lesion, 67 had
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2 to 12 (median, 3) metastatic nodules, and one pa-
tient had more than 50 lesions. The median size of the
largest hepatic lesion was 3.3 cm (range, 1.2-10 cm).
Minor resection was performed in 93 patients and
major resection in 18. The median blood loss was 698
ml (range, 50-3215 mL). Blood transfusion was
performed in 17 patients. The surgical margin was
negative in 89 patients and positive in 22. Invasions
of the portal vein or hepatic vein by the liver metas-
tases were found in 22 patients, and bile duct
involvement was found in 39.

Second Liver Resection

The median interval between the first hepatectomy
and detection of recurrence was 13 months (range, 2—
92 months). Sixty-two patients had a solitary metas-
tasis, and 49 had multiple metastases. The recurrent
metastases ranged from 1.2 to 10 cm (median, 3.3 cm)
in greatest dimension. Before second hepatectomy,
pulmonary resection for lung metastasis was con-
ducted in eight patients, and three patients underwent
second hepatectomy and pulmonary resection
simultaneously. After first hepatectomy, performed
mostly in the 1980s, nine patients received adjuvant
hepatic arterial infusion chemotherapy with 5-fluo-
rouracil (5-FU), mitomycin C, and oral carmofur
regimen,” and six patients received oral anticancer
drugs for adjuvant therapy (carmofur in five patients,
uracil-tegafur in one). Two patients who underwent
colectomy plus simultaneous hepatectomy received
adjuvant intravenous 5-FU plus leucovorin or mito-
mycin C, and one who had initially unresectable liver
metastases was provided irinotecan for downstaging.

The second hepatectomy procedures included
minor resection in 99 patients, hemihepatectomy in 6
patients, extended hemihepatectomy in 5, extended
hemihepatectomy with bile duct reconstruction in 1,
and central bisectionectomy in I. Ninety-three pa-
tients had negative margins and 18 had positive
margins. The median blood loss during the second
liver resection was 913 mL (range, 954803 mL), and
22 patients received blood transfusions. No patient
died during the perioperative course. Complications
occurred in 16 patients (14%), including bile leakage
in 8, abscess formation in 4, pleural effusion in 3,

cholangitis in 1, and wound infection in 1. Invasions

of the portal vein or hepatic vein were found in 25
patients, and bile duct involvement was found in 40.

Survival and Recurrence After Second Hepatectomy
Of the 111 patients who underwent second hepa-

tectomy with curative intent, 61 had died by August

31, 2005. Overall 1-, 3-, and 5-year survival rates were
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FIG. 1. Overall survival after second hepatectomy in patients with
colorectal liver metastases.

91%, 74%, and 41%, respectively, from the time of
second liver resection, with a median survival of 43
months (Fig. 1). There were 23 actual 5-year survi-
vors. Recurrence after second hepatectomy occurred
in 74 patients. Of these, 39 patients developed liver
metastases (27 confined to the liver; 12 involving the
liver plus other sites), and 37 developed lung metas-
tases. Of them, 20 patients underwent surgery,
including 13 third hepatectomies and 8 pulmonary
resections. Twenty-seven patients experienced recur-
rence within 6 months after the second hepatectomy,
and their median survival time was significantly
worse than that of the others (I5 vs. 60 months,
P = .0001). Forty-four of the patients who experi-
enced recurrence after second hepatectomy received
chemotherapy for treatment. Hepatic arterial infu-
sion chemotherapy was performed in seven patients
who had isolated hepatic recurrence. 5-FU was given
by infusion to 14 patients; seven received additional
mitomycin C. Oral chemotherapy drugs were
administered to 7 patients (uracil-tegafur plus leu-
covorin in 2, S-1 [tegafur/5-chloro-2,4-dihydroxy-
pyridine/potassium oxonate] in 3, capecitabine in 1,
and carmofur in 1), and intravenous 5-FU plus leu-
covorin was provided to 11. Twenty patients received
irinotecan, eight received oxaliplatin, and one re-
ceived bevacizumab. Irinotecan has been commonly
used since 1999 in Japan, and most of the patients
who experienced recurrence after 1999 benefited from
irinotecan. The group that developed recurrence until
1998 (n = 19) had significantly worse survival than
those after 1999 (n = 25) (median survival time, 23
months vs. 55 months, P = .004).
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Univariate Analysis of Survival

Factors Related to Primary Lesion

The results of univariate analysis of survival are
listed in Table I. The presence of metastatic lymph
nodes was a significant predictor of worse outcome
after second liver resection (P = .03). The location of
the primary colorectal cancer and the histology of the
primary lesion did not influence survival.

Factors Related to First Hepatectomy

Patients with metachronous liver metastases had a
significantly better median survival time after second
hepatectomy (60 vs. 32 months, P = .009). The pa-
tients who received blood transfusions during the first
hepatectomy had significantly worse survival
(P = .049). The number of tumors, size of the largest
tumor, bilobar involvement, extent of hepatectomy,
and serum carcinoembryonic antigen level were not
prognostic factors. In terms of microscopic findings,
invasions of the portal vein or hepatic vein, and a
positive surgical margin tended to be associated with
poor survival, but the difference was marginal
(P = .07 and .07, respectively). Bile duct invasion
was not a prognostic factor.

Factors Related to Second Hepatectony

The S-year survival was significantly better for
patients with a disease-free interval of more than 6
months between the first hepatectomy and recur-
rence, as compared with- patients with a disease-free
interval of less than 6 months (49% vs. 22%,
P = .02). Patients who had less than four nodules
had significantly better survival than those with four
or more (45% vs. 18%, P = .001). The size of the
largest lesion at the second operation influenced
survival, but not to a significant degree (P = .09).
Similar to the first hepatectomy, patients who re-
ceived blood transfusions showed significantly worse
survival (P = .03), and bilobar involvement, extent
of hepatectomy, and serum carcinoembryonic anti-
gen level were not prognostic factors. Patients who
had undergone resection of extrahepatic disease be-
fore second hepatectomy did not show worse sur-
vival. With respect to the microscopic features of the
recurrent metastatic disease, a surgical margin,
invasions of the portal vein or hepatic vein, and bile
duct invasion had no statistically significant influence
on survival.

Multivariate Analysis of Survival

Multivariate analysis identified three independent
risk factors: synchronous first hepatectomy, four or
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TABLE L. Univariate analysis related to survival

Prognostic factor

No. of

5-Year survival
rate of second

Patients hepatectomy (%) P value

Demographics
Age
<60y
260 y
Sex
Male
Female
Primary lesion
Location
Colon
Rectum
Lymph nodes
Negative
Positive
First hepatectomy
Number of lesions
<4
>4
Size
<5cm
>5 cm
Timing with primary
Metachronous
Syunchronous
Distribution
Unilobar
Bilobar
Resection
Minor
Major
CEA before first hepatectomy
<50 ng/dL
250 ng/dL
Blood loss
<1000 mL
21000 mL
Blood transfusion
No
Yes
Surgical margin
No
Yes
Vessel invasion
No
Yes
Bile duct invasion
No
Yes
Second hepatectomy
Interval between first
hepatectomy and recurrence
<6 mo
26 mo
Extrahepatic disease
before second hepatectomy
No :
Yes
Number of lesions

56
55

74
27
75
36

21

90
2t

87
24

53
58

68
43

93
I8

89
22

91
20

94
17

38
23

72
39

79
36

100
L1

93
18

100
11

74
33

43
33

4
37

51
30

ki
53

42
37

35
57

41
35

45
29

46
23

36
50

39
54

45
18

44
16

95

.64

.03

33

45

.009

92

31

.049

.07

.07

31

.001

.09
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TABLE 1. Continued

5-Year survival

No. of rate of second
Prognostic factor Patients hepatectomy (%) P value
Distribution
Unifobar 68 45 A
Bilobar 43 34
Resection
Minor 96 41 .67
Major 15 44
CEA before second
hepatectomy .
<50 ng/dL 89 42 31
> 50 ng/dL 22 37
Blood loss :
<1000 mL 73 40 a7
> 1000 mL 38 42
Blood transfusion
No 89 43 .03
Yes 22 29
Surgical margin
No 90 45 .16
Yes 21 22
Vessel invasion
No 75 36 17
Yes 36 52
Bile duct invasion
No 71 43 95
Yes 40 35

TABLE 2. Multivariate analysis with Cox proportional
hazard model

Prognostic factor Relative 95% Confidence

risk interval P value
Synchronous timing of 1.85 1.10-3.11 .02
first hepatectomy
Presence of vesscl invasion 1.79 1.00-3.19 .049
at first hepatectomy
Number of lesions at 1.94 [.10-3.41 .022

second hepatectomy 24

more lesions at second hepatectomy, and invasion of
the portal vein or hepatic vein at first hepatectomy
(Table 2). Any of the variables related to microscopic
findings—information that could only be obtained
after the second hepatectomy—were not statistically
significant prognostic factors.

All three risk factors identified in the multivariate
analysis were based on information obtained before
the second hepatectomy. Therefore, we tried to group
patients according to risk factors. Thirty-four pa-
tients had no risk factors, 53 had one factor, 22 had
two factors, and 2 had three factors. Survival expec-
tancies at 5 years for patients with no risk factors, one
or two risk factors, and three risk factors were 62%,
31%, and 0%, respectively, and these differences were
statistically significant (P = .001) (Fig. 2). Two pa-
tients with three risk factors developed recurrence

1.0 9
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- =~ 1 or2risk factors (n= 75j
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=} - =
E .
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FIG. 2. Overall survival according to groups divided by number of
risk factors identified in current study.

within 6 months and died at 15 months and 19
months, respectively, after the second hepatectomy.

DISCUSSION

The only potentially curative treatment for patients
with liver-isolated colorectal metastases is surgical
resection. However, most cannot be considered can-
didates for surgery for reasons such as very large
tumor, unfavorable tumor location, multinodularity,
or inadequate hepatic reserve. Nevertheless, because
of its impact on survival, surgical resection is the
treatment of choice when it is feasible. Improvements
in surgical techniques and perioperative management
have made surgical resection more feasible, with a
mortality rate of less than 3%.>™® For patients with
recurrent colorectal liver metastases, second hepatic
resection has been performed more frequently during
the past decade.*”™*? The results of previous series
involving more than 20 patients are listed in Table 3.
Five-year survival rates of 38% to 51% have been
reported for first hepatic resections, ™ and similar
S-year survival rates, ranging from 21% to 49%, can
be achieved after second hepatic resection for well-
selected patients. In fact, morbidity and mortality
after second hepatic resection are almost comparable
to those after initial hepatic resection. The median
survival and S-year survival rate in the present series
were 43 months and 41%, respectively. Because con-
ventional chemotherapy alone cannot achieve such
favorable results, a second hepatectomy has become
the treatment of choice for recurrent liver metastases
from colorectal cancer.
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TABLE 3. Reports of second hepatectomy

Author Year No. Patients Mortality (%) Morbidity (%) 5-Year survival MST (mo)
Fongct al? 1994 25 0 28 NR 30
Nordlinger ct al.' 1994 116 R 25 33¢ NR
Que and Nagorney'* 1994 21 5 NR 43° 41
Ferna’l?dez-Trigo 1995 170 NR 19 32 34
et al.’” .
Riesener et al." 1996 25 0 20 244 NR
Adam et al.® 1997 64 0 20 26 46
Tuttleetal® 1997 23 0 22 32 40
Yamamoto et al.'* 1999 75 0 11 31 31
Muratore at al."® 2001 29 34 10 35¢ NR
Suzuki et al."? 2001 26 0 33 32 31
Petrowsky et al."™ 2002 126 1.6 28 34 37
Takahashi et al.' 2003 22 0 i8 497 23
Tanaka et al.™ 2004 26 0 30 48° NR
Sugawara et al.>' 2005 27 0 22 49 41
Pessaux et al. 2006 42 0 14 21 25

MST, median survival time; NR, not reported.

“ Three-year survival.

® Four-year survival,

¢ Five-year disease-free survival.

Recently, systemic chemotherapy has led to Several studies have tried to identify factors pre-

marked improvements in median overall survival and
progression-free survival.”*™® These benefits are most
pronounced with regimens containing irinotecan or
oxaliplatin in combination with 5-FU plus leucovo-
rin; median overall survival durations consistently
approach 20 months, and some are as high as 24
months. Some patients experience early repeat
recurrence within 6 months after second hepatec-
tomy, and most of the disease is in an unresectable
state when repeat recurrence is detected. [n our series,
27 patients developed repeat recurrence within 6
months. Two patients underwent additional surgery,
and the others received systemic chemotherapy, with
a median survival time of 15 months. Considering
these results, because their median survival was worse
than that of patients who received systemic chemo-
therapy, the patients must have already had systemic
disease at the time of surgery. Interestingly, we found
that the patients who developed recurrence after
1999, when we started chemotherapy with irinotecan,
had much better survival than those before 1998. This
result seems mainly attributable to progress in che-
motherapy, although diagnostic modality and peri-
operative management have been improved during
these periods, and such improvements may have
influenced survival. Now that we are in an era of
effective chemotherapy, the indications for second
liver resection need to be reconsidered. To improve
the results of second hepatectomy, it is necessary to
identify patients whose disease is likely to develop
early repeat recurrence and who therefore should
receive systemic chemotherapy.
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dictive of a favorable outcome after repeat hepatec-
tomy. To date, three reports have identified
independent prognostic factors by multivariate anal-
ysis. Adam et al.® showed that the disease-free inter-
val between initial and second liver resections and a
second liver resection with curative intent were
independently associated with survival. In our study,
univariate analysis showed that a disease-free interval
of more than 6 months between the first hepatectomy
and recurrence was a significant prognostic factor,
although it did not reach statistical significance by
multivariate analysis. Our multivariate analysis
showed that synchronous first hepatectomy was an
independently predictive factor. Petrowsky et al.!®
showed that the presence of multiple lesions at repeat
hepatectomy and a maximum tumor size exceeding 5
cm were independent prognostic factors after repeat
hepatectomy . The third report, by Yamamoto et al.!>
from our hospital in 1999, involved data from. 90
repeat hepatectomies (second = 75; third 12;
fourth 3). Multivariate analysis revealed two
independent’ prognostic factors after the second
hepatectomy: four or more tumors, and the presence
of extrahepatic disease. The present study detected
three independent prognostic factors: synchronous
first hepatectomy, four or more lesions evident at the
second hepatectomy, and invasions of the portal vein
or hepatic vein at the first hepatectomy. Thus, only
the number of lesions was a common predictor of
outcome, whereas the other factors differed from
those highlighted in the first study. We speculate that
the reason for this difference was patient selection. In





