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in rectal cancer led to an increase of blood loss and
urinary and sexual dysfunction without any survival ben-
efit. Since then, pelvic sidewall dissection has rarely been
performed in Western countries. In addition, lateral pel-
vic lymph node metastasis was considered part of the sys-
temic disease,

In 1982, Heald® proposed a new concept for resection
of rectal cancer, total mesorectal excision. This technique
decreased the rate of local recurrence in patients with rectal
cancer. Total mesorectal excision with chemoradiotherapy
has now become the standard treatment for advanced
rectal cancer in Western countries. In Japan, pelvic sidewall
dissection has been actively performed along with total
mesorectal excision for rectal cancer since the late 1970s,
pelvic sidewall dissection has been reported to be useful in
advanced lower rectal cancer.® In past studies, the rates of
positive lateral nodes have ranged from 10.6 percent to
25.5 percent.”™"? However, there has been no randomized
controlled study on the usefulness of pelvic sidewall dissec-
tion in patients with rectal cancer. Therefore, the definitive
efficacy of pelvic sidewall dissection is still unclear.

The 6th edition of the AJCC cancer staging manual'?
designated both internal and external iliac lymph nodes as
regional nodes in rectal cancer. However, details regard-
ing lateral pelvic lymph nodes were not mentioned.

The aim of this retrospective multicenter study was to
clarify the characteristics of lymph node metastasis
located in the pelvic sidewall as well as in the mesorectum
in patients with lower rectal cancer and to investigate the
efficacy of pelvic sidewall dissection performed in addi-
tion to total mesorectal excision. We previously reported
on the indications for pelvic sidewall dissection both in
patients with upper and in those with lower rectal can-
cer from the database of the 12 member institutes of the
Japanese Society for Cancer of the Colon and Rectum.’®
In the present study, we clarified details of the outcomes
of surgery alone for lower rectal cancer with and without
pelvic sidewall dissection.

PATIENTS AND METHODS

Patients
We reviewed records of 1,272 patients with lower rectal
cancer enrolled in a database of patients who underwent
curative resection at 12 institutions between 1991 and
1998. None of the patients received radiotherapy in this
study. Lower rectal cancer was defined as the distal margin
of tumor being located below the peritoneal reflection. All
institutions were members of the Japanese Society for
Cancer of the Colon and Rectum. This study was approved
by the local Ethics Committee of each institution. All pa-
tients received total mesorectal excision.

The indications for pelvic sidewall dissection were
T2-T4 in five institutions, T3-T4 in two, suspected posi-
tive lymph nodes in the mesorectum in one, and T3-T4
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or suspected positive lymph nodes in the mesorectum in
four. These criteria were determined at each institution
based on risk analysis of lateral pelvic lymph node metas-
tasis. Patients who underwent transanal local excision or
endoscopic mucosal resection were excluded from this
study. Other exclusion criteria were cancers associated
with ulcerative colitis, Crohn’s disease, or familial adeno-
matous polyposis.

Preoperative investigations included barium enema ex-
amination, colonoscopy, endoscopic ultrasonography, chest
x-ray, ultrasonography (US) or computed tomography
(CT) of the liver, and blood tests using carcinoembryonic
antigen (CEA). Most institutions established a follow-up
examination period of 5 to 10 years. The follow-up system
consisted of serum tumor marker measurements every
three months for the first three years and every six months
for the next two years, hepatic imaging (US or CT) and
chest x-ray every three to six months, pelvic CT every year,
and colonoscopy every one to two years.

Statistical Analysis

We analyzed the risk factors for perirectal lymph node
metastasis in all 1,272 patients who underwent total
mesorectal excision and those for lateral pelvic lymph
node metastasis in the 784 patients who had pelvic side-
wall dissection in addition to total mesorectal excision.
Prognostic factors were also analyzed.

Statistical analysis was performed using the StatView
statistical package (StatView 5.0; Abacus Concepts, Inc.,
Berkeley, CA). Data are expressed as numbers of pa-
tients and percentages or meanststandard deviation. The
relationships between each parameter and lymph node
metastasis or local recurrence were analyzed using the
chi-squared test. Logistic regression analysis was used to
determine independent risk factors for lymph node me-
tastasis and local recurrence. The Kaplan-Meier method
was used to calculate the actuarial survival of patients.
Overall survival rates in all groups were compared by log
rank test. Cox’s proportional hazards model was used to
determine independent prognostic factors in patients with
lower rectal cancer. Statistical significance was established
at P < 0.05 for all results.

RESULTS

Pelvic Sidewall Dissection

Of the 1,272 patients, 784 underwent pelvic sidewall dis-
section in addition to total mesorectal excision. Char-
acteristics of patients with and without pelvic sidewall
dissection are shown in Table 1. Pelvic sidewall dissection
was more likely to be performed in younger than in older
patients. Patients who had pelvic sidewall dissection were
significantly more likely to have tumors >4 c¢m in size
(P <0.0001), not well differentiated adenocarcinoma (P =
0.0006), greater depth of tumor invasion (P < 0.0001),
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TABLE 1.:Cha_racterisﬁfcs‘<')f paﬁénié with and without pelvic sidewall dissection

569

__PsDin=784) No PSD (n = 488)
n (%) n (%) P value
Gender
Male 507 (64.7) 296 {60.7) 0.15
Female 277 (35.3) 192 (39.3)
Age (yr)
>62 348 (44.4) 252 (51.6) 0.011
<62 436 (55.6) 235 (48.2)
Unknown 1
Size {cm)
<4 246 (31.4) 299 (61.3) <0.0001
>4 535 (68.2) 182 (37.3)
Unknown 3 (0.4) 7
Histology
Well or moderately differentiated adenocarcinoma 723 (92.2) 471 (96.5) 0.0006
Others 61 (7.8) 15 (3.1)
Unknown 0 2 (0.4)
T category
m 37 4.7) 196 (40.2) <0.0001
T2 207 (26.4) 127 (26.0}
T3 497 (63.4) 157 (32.2)
T4 43 (5.5) 8 (1.6}
AJCC staging
I 179 (22.8) 282 (57.8) <0.0001
il 224 (28.6) 86 (17.6)
i} 381 (48.6) 120 (24.6)

PSD = pelvic sidewall dissection.

and a more advanced stage of cancer (P < 0.0001) than
those who did not receive pelvic sidewall dissection. For
example, the proportion of patients with category T3 or
T4 tumors or cancer stage III was approximately twice as
high in patients who received pelvic sidewall dissection as
in those who did not.

Lymph Node Metastasis

Perirectal lymph node metastasis was observed in 476
(37.4 percent) of all patients who underwent surgery,
and lateral pelvic lymph node metastasis was observed in
117 (14.9 percent) of those who had pelvic sidewall dis-
section (Table 2). The rates of both types of metastasis
increased significantly with depth of tumor invasion (P <
0.0001). Table 3 shows the distribution of patients with
each type of node metastasis in relation to tumor category

TABLE 2. Lymph node metastasis in patién(s with lower rectal cancer in refation to tumor invasion depth of tumor

for the 784 patients with pelvic sidewall dissection. A total
of 92 patients (11.7 percent) had both types of metastasis,
263 (33.5 percent) had only perirectal, 25 (3.2 percent)
had only lateral pelvic, and 404 (51.5 percent) had no
neither type of lymph node metastasis.

The lateral pelvic area was classified into 6 parts
(Fig. 1): internal iliac areas both distal and proximal to
superior vesical artery, obturator area, external iliac area,
common iliac area, and aortic bifurcation area. Of the
117 patients with lateral pelvic lymph node metastasis,
55 (47 percent) had lymph node metastasis along the in-
ternal iliac artery distal to the superior vesical artery, 45
(38 percent) in the obturator area, and 30 (26 percent)
along the internal iliac artery proximal to superior vesical
artery. Only 9 patients (7.7 percent) had lateral pelvic
lymph node metastasis found in other areas.

All patients Patients with PSD
Perirectal LNM Lateral pelvic LNM
Tumor category Total n (%) Total n (%)
m 233 19 8.2) 37 2 (5.4)
T2 334 81 (24.3) 207 17 8.2)
T3 ’ 654 347 {53.1) 497 82 (16.5}
T4 51 29 (56.9) 43 16 (37.2)
Total 1272 476 (37.4) 784 117 (14.9)

PSD = pelvic sidewall dissection; LNM = lymph node metastasis.
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TABLE 3. Type of lymph node metastasis in. relation to tumor category in 784, patients: with' pelvic sidewall dissection

Perirectal + Perirectal + Perirectal - Perirectal —
Lateral pelvic + Lateral pelvic — Lateral pelvic + Lateral pelvic - Total
Tumor n (%) n (%) n (%) n (%) n (%)
T 1 2.7) 5 (13.5) 1 (2.7) 30 (81.1) 37 (100)
T2 11 (5.3) 11 (19.8) 6 (2.9) 149 (72.0) 207 (100)
T3 67 (13.5) 204 (41.0) 15 3.0 211 (42.5) 497 (100)
T4 13 (30.2) 13 (30.2) 3 (7.0) 14 (32.6) 43 (100)
Total 92 (11.7) 263 (33.5) 25 (3.2) 404 (51.5) 784 (100)

Risk factors for perirectal lymph node metastasis. Param-
eters such as gender, age, size of tumor, histology of tu-
mor, T category, lymphatic invasion, and venous invasion
were analyzed as potential risk factors for perirectal
lymph node metastasis in the 1,272 patients undergoing
total mesorectal excision for lower rectal cancer (Table 4).
All of the above-mentioned variables had significant ef-
fects on perirectal lymph node metastasis in a univariate
analysis. Multivariate analysis showed female gender (P =
0.0004), age under 62 years old (P = 0.0073), histology
other than well or moderately differentiated adenocarci-
noma (P = 0.0008), T category (T3 or T4, P < 0.0001), lym-
phatic invasion (P < 0.0001), and venous invasion (P =
0.037) to be independent risk factors for perirectal lymph
node metastasis.

Risk factors for pelvic lymph node metastasis. In the
784 patients undergoing pelvic sidewall dissection in ad-
dition to total mesorectal excision for lower rectal cancer,
univariate analysis showed significant effects of female

FIGURE 1. A schema of the lateral pelvic area: (A) internal iliac area
distal to superior vesical artery and (B) proximal to superior vesical
artery, (C) obturator area, (D) external iliac area, (E) common iliac
area, and (F) aortic bifurcation area.

gender, size of tumor, histology, T category, lymphatic in-
vasion, venous invasion, and perirectal lymph node me-
tastasis on lateral pelvic lymph node metastasis (Table 5).
Only female gender (P = 0.0037), histology other than
well or moderately differentiated adenocarcinoma (P =
0.0047), and the presence of perirectal lymph node metas-
tasis (P < 0.0001) were independent risk factors for lateral
pelvic lymph node metastasis on multivariate analysis.

Local Recurrence of Cancer

Of all 1272 patients undergoing total mesorectal excision,
118 (9.3 percent) had a local recurrence of cancer. The
mean follow-up was 3.3 + 1.9 years in patients with and
5.1 £ 2.3 years in those without recurrence. As shown in
Table 6, the rate of recurrence did not differ between
patients who had pelvic sidewall dissection and those who
did not (10.5 percent vs. 7.4 percent), regardless of the
invasion depth of the tumor.

The rate of local recurrence was 4.1 percent in pa-
tients with stage I lower rectal cancer, 5.8 percent in those
with stage II, and 16.1 percent in those with stage III. Of
the 117 patients with lateral pelvic lymph node metastasis,
28 (23.9 percent) experienced local recurrence.

Risk factors for local recurrence. In the 784 patients who
underwent pelvic sidewall dissection in addition to total
mesorectal excision, univariate analysis showed significant
effects of female gender, size of tumor, histology, tumor
category, perirectal lymph node metastasis, and lateral
pelvic lymph node metastasis local recurrence (Table 7).
Multivariate analysis revealed that perirectal lymph node
metastasis (P = 0.0016) and lateral pelvic lymph node
metastasis (P = 0.0075) were independent risk factors for
local recurrence.

Survival

No significant difference in overall five-year survival was
seen between patients with pelvic sidewall dissection and
those without pelvic sidewall dissection (75.8 percent vs,
79.5 percent) (Fig. 2). However, although no differences
were seen between the two groups in patients with stage I
or stage Il cancer, patients with stage II lower rectal can-
cer who underwent pelvic sidewall dissection had a signifi-
cantly better prognosis (87.0 percent five-year survival)
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h lower rectal cancer -

Univariate analysis Multivariate analysis

Perirectal LNM
Total n (%) OR 95% I P value OR 95% (I P value

Gender

Male 803 278 (34.6) 1

Female 469 198 (42.2) 1.38 1.09-1.74 0.007 1.63 1.25-2.13 0.0004
Age (yr)

>62 642 221 (46.4) 1

<62 629 255 (53.6) 1.03 1.03-1.63 0.0244 1.43 0.54-0.91 0.0073

Unknown 1
Size (cm)

<4 545 136 (25.0) 1

>4 717 339 (47.3) 270 2.12-344 <0.0001 1.29 0.95-1.76 NS

Unknown 10
Histology

Well or moderately differentiated 1194 425 (35.6) 1

adenocarcinoma

Others 76 51 (67.1) 3.69 2.26-6.04 <Q.0001 248 1.46-4.22 0.0008

Unknown 2
T category

T1-2 567 100 (17.6) 1

T3-4 705 376 {53.3) 535 4.12-6.94 <0.0001 3.46 2.50-4.78 <0.0001
Lymphatic invasion

Absent 343 46 (13.4) 1

Present 922 430 (46.6) 5.64 4.03-7.90 <0.0001 3.50 2.42-5.06 <0.0001

Unknown 7
Venous invasion

Absent 493 120 (24.3) <0.0001 1

Present 772 356 (46.1) 2.66 2.07-3.41 1.36 1.02-1.82 0.037

Unknown 7

OR = odds ratio; Cl = confidence interval; LNM = lymph node metastasis,

than those who did not (67.1 percent five-year survival);
P = 0.0026).

Prognostic factors. In Cox proportional hazard analyses
of all 1,272 patients with lower rectal cancer, age (P =
0.0015), histology (P = 0.0002), T category (P = 0.0002),
perirectal lymph node metastasis (P < 0.0001), and pelvic
sidewall dissection (P = 0.029) were independent prog-
nostic factors (Table 8). In the 784 patients with pelvic
sidewall dissection, age (P = 0.0017), histology (P =
0.0047), T category (P = 0.021), perirectal lymph node
metastasis (P < 0.0001), and lateral pelvic lymph node me-
tastasis (P < 0.0001) were independent prognostic factors
(Table 9). In patients with stage Il lower rectal cancer,
the five-year survival rate of those without lateral pelvic
lymph node metastasis was 67.3 percent vs. 47.7 percent
for patients with lateral pelvic lymph node metastasis.

DISCUSSION

In this study, 37.4 percent of patients with lower rectal
cancer had perirectal lymph node metastasis and 14.9
percent of those who underwent pelvic sidewall dissection
had lateral pelvic lymph node metastasis. The rates of
lateral pelvic lymph node metastasis reported in previous
studies vary from 10.6 percent to 25.5 percent, with most

reporting rates around 15 percent.”®!''""* Thus, our re-
sult was consistent with those of previous studies.

The rates of perirectal lymph node metastasis and
lateral pelvic lymph node metastasis increased with the
invasion depth of the tumor. A total of 16.5 percent of
patients with T3 tumors and 37.2 percent of those with
T4 tumors had lateral pelvic lymph node metastasis. Ef-
fective treatment of lateral pelvic lymph node metastasis
would likely improve the prognosis of patients with T3
and T4 lower rectal cancer.

We investigated the risk factors for both perirectal
lymph node metastasis and lateral pelvic lymph node
metastasis and found that female gender and histology
showing the main tumor to be not well or moderately
differentiated were independent risk factors for both types
of lymph node metastasis in lower rectal cancer. The
reason why female gender was a risk factor was obscure.
There is some possibility that a female hormone such as
estrogen is associated with lymph node metastasis, as ap-
pears to be the case in breast cancer.'® Further studies will
be essential to clarify this issue.

In our study, multivariate analysis revealed that, in
addition to perirectal lymph node metastasis, lateral
pelvic lymph node metastasis was an independent risk
factor for local recurrence. Our patients with lateral pelvic
lymph node metastasis had a local recurrence rate of 23.9
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Lateral pelvic
LNM Univariate analysis Muitivariate analysis
Total n (%) OR 95% CI P value OR 95% CI P value

Gender

Male 507 60 (11.8) 1 1

Fermnale 277 57 (20.6) 193 1.30-2.87 0.001 1.88 1.23-2.87 0.0037
Age (yr) .

>62 398 54 (13.6) 1

<62 386 63 (16.3) 124 0.84-1.84 0.279
Size (cm)

<4 246 22 (8.9) 1 i

>4 535 95 (17.8) 2.20 1.35-3.59 0.0013 1.67 0.92-3.01 0.085

Unknown 3
Histology

Well or moderately differentiated 723 96 (13.3) 1 1

adenocarcinoma

Others 61 21 (34.4) 3.43 1.94-6.06 <0.0001 248 1.35-4.55 0.0047
T category

T1-2 244 19 (7.8) 1 1

T34 540 98 (18.1) 263 1.57-4.40 0.0002 1.18 0.63-2.24 0.60
Lymphatic invasion

Absent 134 9 (6.7} 1 1

Present 648 108 (16.7) 278 1.37-5.63 0.0033 1.42 0.66-3.05 036

Unknown 2
Venous invasion

Absent 232 22 (9.5) 1 1

Present 551 95 (17.2) 1.99 1.22-3.25 0.0054 1.67 0.97-2.85 0.056

Unknown 1
Perirectal LNM

Absent 429 25 (5.8} 1 1

Present 355 92 (25.9) 5.65 3.54-9.03 <0.0001 4.22 2.58-6.90 <0.0001

OR = odds ratio; CI = confidence interval; LNM = lymph node metastasis.

percent, compared with the overall rate of 9.3 percent in
our series. In patients undergoing curative resection for
T3 or T4 rectal tumors, Ueno et al'’ found a local
recurrence rate of 44.0 percent in patients with lateral
pelvic lymph node metastasis and 11.7 percent in those
without (P < 0.001).

Lateral pelvic lymph node metastasis was also an
independent predictor of poor prognosis in our patients
with pelvic sidewall dissection, as were age, histology, T
category, and perirectal lymph node metastasis. In
patients with stage III lower rectal cancer, the five-year
survival rate of those without lateral pelvic lymph node
metastasis was approximately 20 percentage points higher

TABLE 6. Local rectrrence of cancer in patients with-and without pelvic sidewall dissection

than that of patients with lateral pelvic lymph node
metastasis. Therefore, adjuvant therapy for patients with
lateral pelvic lymph node metastasis is important. Patients
with stage Il colorectal cancer usually receive adjuvant
chemotherapy. However, more intensive chemotherapy
might be recommended for those with lateral pelvic
lymph node metastasis.

The definition of the lateral pelvic area in the 6th
edition of AJCC cancer staging manual seems rather
unclear. The present study showed that lymph node
metastasis along the external iliac artery was very rare.
More than 90 percent of metastatic lymph nodes were
located in the obturator area and along the internal iliac

All

PSD Non-PSD
Recurrence Recurrence Recurrence
Total n (%) Total n (%) P value Total n (%)}
T 37 1 2.7) 196 4 (2.0 NS 233 5 2.1)
T2 207 10 (4.8 127 10 (7.9) NS 334 20 6.0)
T3 497 61 (12.3) 157 21 (134) NS 654 82 (12.5)
T4 43 10 (23.1) 8 1 (12.5) NS 51 1 (21.6)
Total 784 82 (10.5) 488 36 (7.4) NS 1272 118 (9.3)

PSD = pelvic sidewall dissection; NS = not significant.
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Local
recurrence Univariate analysis Multivariate analysis
Total n (%) OR 95% Ci P value OR 95% CI P value

Gender

Male 507 43 (8.5) 1 1

Female 277 39 (14.1) 1.77 1.12 2.80 0.01 1.56 0.96--2.53 0.073
Age (yr)

<62 436 45 (10.3} 1

262 348 37 (10.6) 1.03 0.65-1.64 0.89
Size (cm)

<4 246 16 (6.5) 1 1

>4 535 66 (12.3) 202 1.15 357 c.01 21 0.63.2.35 0.57

Unknown 3
Histology

Well or modeiately differentiated 723 68 (9.4) 1 1

adenacarcinoma

Others 61 14 (23.0) 287 1.50-5.48 0.0009 1.78 0.89 -3.55 0.10
T category

T1-2 244 1" (4.5) 1 1

T34 540 7 (13.1) 2 1.67-6.17 0.0003 1.99 0.93-4.25 0.077
Lymphatic invasion -

Absent 134 11 (8.2) 1

Present 648 71 (11.0) 1.38 0.71-2.67 0.34

Unknown 2
Venous invasion

Absent 232 20 (8.6} 1

Present 551 62 (11.3) 1.34 0.79-2.28 0.27

Unknown 1
Perirectal LNM

Absent 429 22 (5.1) 1 1

Present 355 60 (16.9) 3.76 2.26 6.27 <0.0001 243 1.40-5.89 0.0016
Lateral pelvic LMN

Absent 667 54 8.1) 1 1

Present 117 28 (23.9) 3.57 2.15-5.93 <0.0001 2 1.22.3.65

0.0075

OR = odds ratio; Ci = confidence interval; LNM = lymph node metastasis,

artery. The lymph nodes in the internal iliac area distal to
the superior vesical artery were most frequently involved.
Almost half of the lateral pelvic lymph node metastases
were Jocated in this area. The next most frequent site of

lateral pelvi: lvmph node metastasis was the obturator
area. Canessa et al.'” reported an anatomic study using
cadaveric dissection, in which most of the metastatic
lymph nodes found in the lateral pelvic area were located
in the obturator area. Therefore, we believe that the next

N AJCC cancer staging manual should mention not the ex-
] ternal iliac area but the obturator area as a site of regional
w81 79'5,% Non -PSD (N = 488) lymph node metastasts in lower rectal cancer.

B 75.8% 1 Ns In many Western countries, the standard therapy for

B 5 lower rectal cancer is total mesorectal excision with che-
£ PSD (N =784) . 18,19 .

£ moradiotherapy. In Japan, total mesorectal excision

= 44 with pelvic sidewall dissection is accepted as a standard

g’ : treatment, but the effectiveness of pelvic sidewall dissec-

2 tion has been controversial. We observed no differences

1 in the rates of local recurrence between patients with and

0 - those without pelvic sidewall dissection. Because patients

o 2 4 & 8 10 undergoing pelvic sidewall dissection tended to have more

Years after surgery advanced disease, this finding may not be surprising. How-

it % The overall survival curve of patients with and without
pelvic sidewall dissection. The 5-year overall survival rates in
patients with and without pelvic sidewall dissection were 75.8

percent and 79.5 percent, respectively.

ever, we found no difference in recurrence rates for any in-
vasion depth of the tumor.

A recent study in patients with stage II or stage III
rectal cancer reported a higher rate of local recurrence
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Cox proportional hazard model

Patients
n HR 95% CI P value

Gender

Male 803 1

Female 469 0.88 0.69-1.13 0.32
Age (yr)

>62 642 1

<62 629 147 1.16-1.87 0.0015
Size (cm)

<4 545 1

>4 n7 113 0.84-1.54 042

Unknown 10
Histology

Well or moderately differentiated adenocarcinoma 1194 1

Others 76 2,01 1.39-2.90 0.0002

Unknown 2
T category

T1-2 567 1

T34 705 1.90 1.35-2.67 0.0002
Lymphatic invasion

Absent 343 1

Present 922 133 0.94-1.88 on

Unknown 7
Venous invasion

Absent 493 1

Present 772 1.18 0.90-156 0.23

Unknown 7
Perirectal LNM

Absent 796 1

Present 476 2,26 1.75-293 <0.0001
Pelvic sidewall dissection

Performed 784 1

Not performed 488 1.36 1.03-1.78 0.029

HR = hazard ratio; (I = confidence interval; LNM = lymph node metastasis.

rate with pelvic sidewall dissection than with chemoradio-
therapy.2’ However, that study was neither randomized
nor case-matched. Watanabe et al.*' found no differences
in recurrence in patients with T3 or T4 rectal tumors who
underwent radiation with or without pelvic sidewall dis-
section, but the number of subjects in that study was
small. A randomized controlled study is essential to clar-
‘ify the effect of pelvic sidewall dissection on local recur-
rence in patients with advanced lower rectal cancer.

We also found no difference in overall survival be-
tween patients with and those without pelvic sidewall dis-
section. Again, this may not be surprising because of the
more advanced state of disease in the group receiving pel-
vic sidewall dissection. However, the Cox proportional
hazards model showed that lack of pelvic sidewall dis-
section was a significant predictor of poor prognosis. In
addition, patients with stage II lower rectal cancer who
had pelvic sidewall dissection appeared to have a signif-
icantly better prognosis than those without pelvic side-
wall dissection, although patients with stage I or IIT lower
rectal cancer did not receive the same survival benefit.
Thus, the indication for pelvic sidewall dissection may be
potentially limited to those with stage II. However, the

possibility exists that the better prognosis in patients with
stage II cancer with pelvic sidewall dissection was a result
of stage migration. Namely, patients with a diagnosis of
stage II who did not undergo pelvic sidewall dissection
may have actually had stage 11l disease that went un-
diagnosed because the nodes were not identified.

Fujita et al.”? reported that pelvic sidewall dissection
improved the prognosis of rectal cancer patients with a
small number of lymph node metastases. In their study,
the five-year disease-free survival rate was 73.3 percent in
patients with NI lymph node metastasis who underwent
pelvic sidewall dissection, and- 35.3 percent in those
without pelvic sidewal! dissection (P = 0.013). In contrast,
Nagawa ef al.”> demonstrated that pelvic sidewall dissec-
tion was not necessary in patients with advanced lower
rectal cancer who.underwent preoperative radiotherapy.
In their study, no difference was observed in either over-
all survival or disease-free survival between patients with
and those without pelvic sidewall dissection in addition to
preoperative radiotherapy. Their study was a randomized
controlled trial, but the number of recruited patients was
only 51. A large-scale randomized controlled study on the
efficacy of pelvic sidewall dissection has not yet been
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Cox proportional hazard model

Patients
n HR 95% CI P value

Gender

Male 507 1

Female 277 0.80 0.59-1.08 0.15
Age {yr)

<62 436 1

>62 348 1.59 1.19-2.11 0.0017
Size (cm)

<4 246 1

>4 535 0.97 0.66--1.43 0.87

Unknown 3
Histology

Well or moderately differentiated adenocarcinoma 723 1

Others 61 1.83 1.20-2.79 0.0047
T category

Tt-2 244 1

13-4 540 1.68 1.08-2.62 0.021
Lymphatic invasion

Absent 134 1

Present 648 1.50 0.90-2.51 on

Unknown 2
Venous invasion

Absent 232 1

Present 551 1.25 0.88-1.78 0.22

Unknown 1
Perirectal LNM

Absent 429 1

Present 355 247 1.78-3.45 <0.0001
Lateral pelvic LNM

Absent 667 1

Present

117

1.63-3.14 <0.0001

HR = hazard ratio; Cl = confidence interval; LNM = lymph node metastasis.

reported. However, a phase III trial (JCOG 0212) of the
effectiveness of pelvic sidewall dissection is ongoing in
Japan and will recruit 600 patients in total.

In conclusion, we found no differences in the rates of
local recurrence between the pelvic sidewall dissection
group and the non-pelvic sidewall dissection group, al-
though there might be a selection bias for pelvic sidewall
dissection. Lateral pelvic lymph node metastasis is a risk
factor for both local recurrence and overall survival. A
randomized controlled trial will be essential to test the
survival benefit of pelvic sidewall dissection in patients
with advanced lower rectal cancer.
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Abstract

Purpose Bevacizumab (BV) prolongs the survival of
colorectal cancer patients when combined with irinotecan
(CPT-11)-based regimens. In the AVF2107g study, the area
under the curve (AUC) ratio for bolus CPT-11/5-fluorouracil
(5-FU)/teucovorin (LV) (IFL) with the BV arm to bolus IFL
with placebo indicated that SN-38 concentrations may have
been increased in subjects receiving BV. However, the mecha-
nism underlying such increase remains unclear, and the differ-
ence might be caused by an imbalance between the two arms
and a possible inter-subject variability of CPT-11 metabolism.
Within-subject comparisons were used to evaluate the effect of
BV on advanced colorectal cancer patients when administered
with the FOLFIRI regimen as second-line chemotherapy.
Methods Ten advanced colorectal cancer patients
received the FOLFIRI regimen every 2 weeks. At cycle 1,
BV was administered following FOLFIRI administration to
allow baseline pharmacokinetic (PK) analysis of CPT-11
and its metabolites. From cycle 2, BV was administered
just before FOLFIRI administration. Plasma samples were
collected under the same condition (at cycle 3).

Results  There were no significant differences in the C,,,
and AUC, ., of CPT-11, SN-38, and SN-38G between
cycle 1 (without BV) and cycle 3 (with BV). PK parameters
of CPT-11, SN-38, and SN-38G were not significantly
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affected by BV. There were no significant differences in the
changes in the AUC ratio of CPT-11 to SN-38 between
cycles 1 and 3, as well as in the ratio of SN-38 to SN-38G.
Conclusion BV does not affect the plasma concentration
of CPT-11 and its metabolites on FOLFIRI regimen.

Keywords Bevacizumab (BV) - Irinotecan -
Pharmacokinetics - Colorectal cancer

Introduction

Bevacizumab (BV) is a humanized monoclonal antibody
against vascular endothelial growth factor, an important rega-
lator of physiologic and pathologic angiogenesis [1]. A large,
randomized, controlled Phase III clinical trial (AVF2107g)
has demonstrated that BV addition to standard chemotherapy
with the bolus irinotecan (CPT-11)/5-fluorouracil (5-FU)/leu-
covorin (LV) (IFL) regimen improves survival of patients
with previously untreated metastatic colorectal cancer [2].
Subsequently, CPT-11/bolus 5-FU/continucus 5-FU/LV
(FOLFIRI) + BV conferred a significant survival benefit com-
pared with IFL + BV in the BICC-C study [3]. Thus, CPT-11
with BV demonstrated significant survival benefits in patients
with colorectal cancer. CPT-11 has a complex metabolism
requiring activation into SN-38 by carboxylesterase [4, 5] and
glucuroconjugation for catabolism [6]. As shown in the
AVF2107g study, SN-38 concentrations were on average
33% higher in patients receiving bolus IFL in combination
with BV compared with bolus IFL alone [7]. However, the
underlying mechanism of such increase remains unclear, and
the difference might be caused by an imbalance between the
two arms and a possible inter-subject variability of CPT-11
metabolism. Thus, we investigated the potential pharmacoki-
netic (PK) interaction between CPT-11 and BV in advanced
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colorectal cancer patients when administered with the
FOLFIRI + BV regimen as second-line chemotherapy.

Methods
Inclusion and exclusion criteria

Patients meeting the following inclusion criteria were eligi-
ble: histologically proved colorectal cancer (e.g., adenocar-
cinoma, mucinous carcinoma. and signet-ring cell
carcinoma); failure of first-line treatment containing 5-FU-
based chemotherapy (almost an adjuvant setting and recur-
rence were found in the chemotherapy period or after the
end of chemotherapy within 24 weeks) or oxaliplatin-based
chemotherapy (all FOLFOX regimens) without BV and
CPT-11; Eastern Cooperative Oncology Group performance
status of 0-2; age: 20-74-year-old; no previous exposure to
BV or CPT-11; adequate bone marrow function (leukocyte
count >3,000 and <12,000/pl, hemoglobin >8.0 g/dl, and
platelet count >10 x 10%pl); serum creatinine level
<1.5 mg/dl; total bilirubin level <1.5 mg/dl; AST and ALT
<100 IUA,; qualitative urine protein <(1+): measurable dis-
ease according to response evaluation criteria for solid
tumors (RECIST); and written informed consent.

Patients were excluded if they had the following: knownb

central nervous system metastasis; other active double can-
cer; inadequately controlled hypertension, diarrhea, diabe-
tes, or heart disease; severe peritoneal metastasis;
interstitial pneumonia or pulmonary fibrosis; previous his-
tory of vascular thromboembolism or severe drug hyper-
sensitivity; bleeding tendency; hepatic B or C virus
infection; underwent any form of surgery within 4 weeks
before study enrollment; pregnant or lactating.

Fig.1 Atcycle 1, CPT-11 was
administered before BV to allow

Study design

Ten patients were treated with the FOLFIRI regimen pre-
ceded by BV every 2 weeks. At cycle 1, CPT-11 was
administered before BV to allow baseline PK analysis of
CPT-11 and its metabolites. At cycle 3, plasma samples
were collected for PK analysis of CPT-11 when adminis-
tered in combination with BV. The PK investigations were
used intra-patients comparison.

Pretreatment and follow-up examination

Complete medical history evaluation, physical examina-
tion, laboratory tests (complete blood count, creatinine,
serum electrolytes, calcium, uric acid, total protein, albu-
min level, hepatic, and coagulation tests) and urinalysis
were performed to obtain baseline data and repeated
biweekly.

Toxicity was evaluated biweekly and graded using the
National Cancer Institute’s Common Toxicity Criteria,
version 3.0. Tumor responses were evaluated and mea-
sured as baseline data and reassessed every 4 cycles using
RECIST.

Drug administration

The FOLFIRI regimen consisted of CPT-11 (180 mg/m* IV
over 90 min), [-LV (200 mglm2 IV over 2 h), and 5-FU
(400 mg/m? IV bolus), followed by 5-FU (2,400 mg/m? IV
over a 46-h infusion), and repeated every 2 weeks. BV was
administered as a 30-min intravenous infusion at a
biweekly dose of 10 mg/m? before the FOLFIRI regimen
(only in the cycle 1, BV was administered after the FOLF-
IRI regimen for PK analysis of the non-BV phase) (Fig. 1).

baseline pharmacokinetic (PK)
analysis of CPT-11 and its
metabolites. At cycle 3, plasma
samples were collected for PK
analysis of CPT-11 when admin-

DAY 1(cycle 1) DAY 15 DAY 29 (cycle 3)
FOLFIRI + BV (A) FOLFIRI+ BV (B) FOLFIRI + BV (B)

istered in combination with BV FOLFIRI + BV (A) I bolus 5FU (400 mg/mz) |
I-leucovorin Continuous 5FU (2400 mg/m? | Bevacizumab
{200 mg/m?2 /2 hr) 46 hr) {10 mg/kg 30 min}
CPT-11
(150 mg/m? 90 min)
FOLFIRI + BV (B) bolus SFU (400 mg/m?) |
Bevacizumab /Heucovorin Continuous 5FU (2400 mg/m?
(10 mg/kg 30 min) | (200 mg/m? /2 hr) 46 hr)
CPT-11
{150 mg/m? 90 min)
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Table 1 Patient characteristics

Age (years)

Range 38-74
Median 60
Gender

Male 9
Female 1
Previous chemotherapy

5-FU-based regimen® 5
FOLFOX 5
Total cycles of treatment

Range 7-19
Median 11

? As adjuvant chemotherapy

Pharmacokinetic analysis

Plasma samples were collected at cycles 1 and 3 before
the start of chemotherapy, and 0, 1, 2, 4, 7, and 24 h after
CPT-11 infusion. Whole blood (4.0 ml) samples were
collected in heparinized tubes and centrifuged at
3,000 rpm for 10 min at 4°C. Then, 2.0 ml of plasma was
transferred into tubes with 2.0 ml of phosphate buffer
(0.1 M) and stored at —80°C before analysis. Thereafter,
quantitative analysis of CPT-11 and its metabolites was
performed using high-performance liquid chromatogra-
phy [8]. The lower limit of quantification was 0.002 pg/
ml for CPT-11 and its metabolites. Maximum plasma
concentration (Cmax), area under the plasma/serum
concentration time curve (AUC) and terminal half-life
were determined. The AUC calculation is limited up to
24 h of to infinite (0co). Changes in the ratios of CPT-11
to SN-38 and SN-38 to SN-38G were estimated as
AUCgy 38/ AUCcpr.q; and AUCgy 336/ AUCqy .35, TESPEC-
tively.

Table 2 Pharmacokinetic parameters

Statistical analysis

Correlation between related species were all carried out
using the paired ¢ test (Microsoft Excel 2000 SP-3), and P
values <0.05 with a two-tailed distribution were considered
significant.

Results
Patient characteristics

Ten patients received the treatment regimens (Table 1), and
all the patients completed the PK program and were assess-
able for drug safety and anti-tumor activity. A total of
120 cycles of treatment was administered (median number
of cycles: 11 (range 7-19)).

Pharmacokinetic analysis

Analysis of the PK parameters showed no significant differ-
ence between the parameters of cycle 1 (non-BV phase)
and cycle 3 (BV phase) (Table 2). This indicates that BV
had no effect on the pharmacokinetics of CPT-11. The
mean AUCs for CPT-11 were 12.2 4 2.3 pg h/ml at cycle 1
and 12.8 & 1.7 pg b/ml at cycle 3. The half-lives of CPT-11
were 6.0 £ 0.6h at cycle 1 and 5.7+ 0.6h at cycle 3.
Mean CPT-11 concentrations versus time profiles either
alone or in combination with BV were nearly superimposed
(Fig. 2).

The mean SN-38 PK parameters showed no significant
differences between cycles 1 and 3 (Table 2). The mean
AUCs for SN-38 were 0.40 £ 0.44 pg h/ml at cycle 1 and
0.22 £ 0.16 pg h/ml at cycle 3. Mean SN-38 concentra-
tions versus time profiles either alone or in.combination
with BV were nearly superimposed (Fig. 3). In SN-38G,
significant differences in the PK parameters were also not
found between cycles 1 and 3 (Table 2), and mean SN-38G
concentrations versus time profiles either alone or in

Analyte Cpw (mg/mbD Ty () 2, (h) AUC, , (mgh/ml)  MRTy . (h)  Vd(L) CL (L/h)
CPT-11  BV(-) 21(0.3) 1.5(0) 6.0 (0.6) 12.2(2.3) 6.1 (0.6) 185(433)  21.6(5.6)

BV ()  21(03) 1.5 (0) 5.7 (0.6) 12.8 (1.7) 6.1(0.5) 164 (34.6)  19.7(3.0)
SN-38 BV (-)  0024(0013) 20(0.7) 143(166)  040(0.44) - - -

BV(¥)  0022(0012) 28(0.8) 83(7.6) 0.22 (0.16) - - -
SN-38G  BV(-)  0.14(0.030) 2403) 12947 1.98 (0.70) - - -

BV (+)  0.14(0.030) 26(0.6) 114(3.5) 1.81 (0.26) - - -

Values are expressed as mean (:SD). There are no significant differences in the C,, and AUC,  of CPT-11, SN-38, and SN-38G between cycle

1 (BV-) and cycle 3 (BV+); paired ¢ test
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Fig. 2 Mean CPT-11 concentrations versus time profiles either alone
or in combination with BV were superimposed
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Fig. 3 Mean SN-38 concentrations versus time profiles either alone or
in combination with BV were nearly superimposed
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Fig. 4 Mean SN-38G concentrations versus time profiles either alone
or in combination with BV were superimposed

combination with BV were also nearly superimposed
(Fig. 4).

There were no significant differences in the changes in
the ratio of CPT-11 to SN-38 between cycles 1 and 3
(Table 1), as well as in the ratio of SN-38 to SN-38G.

@ Springer

Table 3 Changes in ratio of CPT-11 to SN-38 and SN-38 to SN-38G

Patient AUC ratio of AUC ratio of
No. SN-38/CPT-11(%) SN-38G/SN-38
BV (-) BV (+#) BV (—) BV (+)

1 3.1 4.1 38 39
2 22 2.2 7.9 59
3 2.5 1.8 8.7 8.0
4 9.2 1.8 2.3 7.7
5 0.6 0.7 23.1 22.3
6 0.3 0.3 51.7 76.0
7 44 1.4 35 8.8
8 1.0 0.5 13 23.8
9 1.0 0.8 13.5 14.6
10 5.6 4.3 23 32

There were no significant differences in the AUC ratios of SN-38/CPT-11
and SN-38G/SN-38 between cycle | (BV-) and cycle 3 (BV+); paired
t test

The results indicate that the CPT-11 and BV combina-
tion had no effect on the extent of conversion of CPT-11
into its metabolites SN-38 and SN-38G.

We also observed a larger inter-patient variability for the
changes in the ratios of CPT-11 to SN-38 and SN-38 to
SN-38G (Table 3).

Discussion

In the present study, we found no significant differences in
the mean AUCs, C,,,, and CPT-11 clearance after BV addi-
tion. Our results demonstrate that BV addition to CPT-11
(in the FOLFIRI regimen) showed no effect on the drug dis-
posal of CPT-11 and its metabolites. This is the limited
sample size study, but this is the first report clarifying the
effect of BV on CPT-11 metabolism in humans.

Gaudreault et al. previously reported on the effect of
BV on CPT-11 metabolism and safety using cynomolgus
monkeys as subjects. Their report was the only published
study available in the literature search regarding the effect
of BV on CPT-11 metabolism. In their study, monkeys
received bolus IFL with or without BV, and blood samples
were collected for PK analysis of CPT-11 and 5-FU. They
concluded that BV had no effect on the metabolism of
either agent, although the number of animals tested in each
group was small [with BV (n=5); without BV (n =4)]
and no statistical comparison between groups was per-
formed {9].

As previously shown, in the AVF2107g study, CPT-11
metabolism was characterized in a small PK study
(results are presented only in the package insert of BV
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