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ABSTRACT :

Background/Alms. To evaluate surgery for local
recurrence after rectal cancer resection. -
Methodology In total, 76 patlents w1th local
recurrence after rectal cancer. resectlon were
enrolled between 1978 and 1998 Of these 61
underwent curatlve resectlon Outcomes were
assessed accordmg to treatment. Recurrence was
, clasmﬁed as visceral or parietal based on preopera—
‘tlve computed to I graphy or. magnetlc resonance
imaging. '

‘Results:. The 5 year surv1val rates were 17. 8%,
25. 9%, and 36.9% for patlents who uriderwent total
pelvrc exenteratlon, abdomino-perineal resectlon
and local resection, respectively. Of the 61 patients
who underwent curative resection, 18 (29.5%)
' showed wsceral recurrence and 43 (70. 5%) showed

parietal recurrence. -Among patients with visceral
recurrence, 9 (50%) underwent total pelvic exenter-
ation;. 6 (33 3%) underwent abdomino-perineal
resectlon and 3 (16. 7%) underwent local resection.
Among patlents ‘with: panetal recurrence, 27
(62. 8%) underwent total pe1v1c exenteration, 4
) ent al no-perineal resection, and
12 (217 9%) underwent local: resection. Mucmousu
adenocarcinomas were most common - among
patients ‘with parietal recurrence. Overall 5-year
survival rates were 64. 9°/ -and 14.0% for patients
with visceral and parletal recurrence respectively.
Conclusions: Curative resectlon was effective in’

_rectal cancer pat1ents w1th visceral recurrence.

Novel systemic chemical radlotherapy should be

considered for patients with parietal rectrrence.

INTRODUCTION

Local recurrence of rectal cancer occurs in 10 to
30 percent of patients who have undergone potential-
ly curative resection (1-4). Surgeries such as pelvic
exenteration (PE) and abdominosacral resection,
radiation, chemotherapy, cryosurgery, and hyper-
thermia have been reported as effective in these
cases. However, so far no consensus has been reached
on the optimal therapeutic method for local recur-
rences. Previously, we reported on the outcome of
total PE for locally recurrent rectal cancer. The 5-
year survival rate. was 31.6 percent in patients
undergoing curative resection and O percent in
patients undergoing palliative surgery (5). While the
overall 5-year survival rate in our previous study was
only 14.1 percent, the postoperative morbidity rate
was 77.8 percent, and in-hospital death occurred in
13.3 percent of the patients. New approaches, such as
FOLFOX (in which fluorinated pyramidine is com-
bined with a platinum-containing drug) and mole-
cule-targeting therapeutic drugs, have reportedly
demonstrated excellent results with recurrent col-
orectal cancers that cannot be excised, and great
advances have been made in drug therapies in recent
years (6-9). However, the long-term outcomes of these

Hepato-Gastroenterology 2009; 56:667-671
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novel techniques have so far remained uncertain. In
the current study, the long-term outcomes of total
PE, abdomino-perineal resection (AMP), and local
resection (LE) in rectal cancer patients with local
recurrence were analyzed 10 or more years after

surgery.

METHODOLOGY

In total, 76 rectal cancer patients with local recur-
rence, all of whom had no distant metastases at the
time of preoperative diagnosis, underwent surgery at
Yokohama City University Hospital, Japan, between
1978 and 1998. Of these, 61 patients were treated by
curative resection (Table 1). The remaining 15
patients underwent non-curative resection, which
was diagnosed intraoperatively: 9 of these patients
had a positive margin of resection, 3 patients had
liver metastasis, and 3 patients had peritoneal
metastasis. The data from the 61 patients who were
treated by curative resection were analyzed as
described below.

Initially, the overall 5-year survival rates were
compared according to the surgical procedure, the
presence of adjuvant therapy, the histological type,
and the recurrence pattern. A multivariate analysis
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Age 59.0+11.3

Gender Male : Female 39:22

Mode of recurrence Visceral 18
Parietal 43

Operative procedure Pelvic exenteration (PE) 36
Rectal amputation (AMP) 10
Local excision (LE) 15

Adjuvant therapy Preoperative radiation 7
Continuous hyperthermic pelvic 18
peritoneal perfusion

Histology of Well-differentiated adenocarcinoma 24

primary tumor Moderately-differentiated 27
adenocarcinoma
Poorly-differentiated adenocarcinoma 1
Mucinous carcinoma 9

Parietal recurrence
posterior

Visceral recurrence
e
¢ % Invasion to the seminal ¢

} vesicle

_anterior

Invasion to the sacrorectal

Tumor in the rectal wall .
‘) ligament

Invasion to the sacral plexus

FIGURE 1 Patterns of local recurrence. The panel on the left shows the visceral pattern with the
view centered on the rectum. The panel on the right shows the parietal pattern from three views
(anterior, posterior, and lateral).

of the risk factors for survival was performed. The
surgical procedure was classified as PE (defined as
total PE with urinary diversion and rectal amputa-
tion), AMP (defined as resection of the perineum
including the anus), or LE (defined as resection of the
perineum not including the anus). Anterior resection
and the Hartmann’s procedure were included within
LE. The adjuvant therapies were preoperative radio-
therapy and intraoperative continuous hyperthermic
peritoneal perfusion in the pelvis (CHPPP); the latter
was performed routinely for local recurrent rectal

cancer from 1992 to 1999. The mean dose of preoper-
ative radiotherapy was 48.6Gy (with a minimum
dose of 40Gy and a maximum dose of 50Gy). The
CHPPP regimen included the pelvic reflux of 200mg
cisplatin, 20mg mitomycin C, and 1,000mg 5-FU with
warm water at 42.5°C after resection of the primary
lesion. The histological types were compared between
the differentiation levels. The recurrence pattern was
classified as either visceral, in which the tumor mass
formation including the rectal wall was attributed to
recurrence at the site of anastomosis and/or implan-
tation at the colorectal wall, or parietal, in which the
tumor mass formation including the parietal side of
the pelvic cavity was attributed to a positive circum-
ferential radial margin at the site of resection of the
primary lesion, implantation at the pelvic wall,
and/or lymph-node recurrence (Figure 1). Of the 61
patients, 18 (29.5%) showed visceral recurrence and
43 (70.5%) showed parietal recurrence. Among the
patients with visceral recurrence, 16 had anastomot-
ic recurrence and 2 had implantation at the rectum.
Among the patients with parietal recurrence, 22 had
a positive circumferential margin, 14 had implanta-
tion at the pelvic wall, and 7 had lymph-node recur-
rence.

Among the patients with visceral recurrence and
parietal recurrence, PE was employed in 9 (50%) and
27 (62.8%), AMP was employed in 6 (33.3%) and 4
(9.3%), and LE was employed in 3 (16.7%) and 12
(27.9%), respectively. There were no significant dif-
ferences in the frequencies of these operative proce-
dures.

We also compared the histological findings
between the different recurrence patterns (visceral
vs. parietal), and compared the local re-recurrence
frequency between the different operative proce-
dures.

The data were analyzed by the chi-square test
and the unpaired t-test. The overall 5-year survival
rates were compared by the Kaplan-Meier method. A
multivariate analysis of the factors that affected the
survival rate was performed using the Cox propor-
tional hazard model. Differences were considered sta-
tistically significant at the P<0.05 level.

RESULTS
Comparisons of 5-year Survival Rate

The overall 5-year survival rate for all of the
patients was 26.0 percent (Figure 2).

Coefficient 95% Confidence interval Exp (coefficient) p value
Parietal/visceral 1.326 1.565 9.062 3.766 0.0031
Op: PE/Others 0.769 1.111 4.195 2.158 0.0232
Histology: Well/Others -0.297 0.389 1.420 0.743 0.3684
Preop radiation/none -0.496 0.207 1.788 0.609 0.3669
CHPPP/none -0.009 0.516 1.905 0.991 0.9793

PE: Total pelvic exenteration; Well: Well-differentiated adenocarcinoma; CHPPP: Continuous hyperthermic pelvic

peritoneal perfusion.
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FIGURE 2 Cumulative overall survival curve for all patients. The 5-year
survival rate was 26.0 percent.

5 years Survival
— Visceral  64.9%
Parietal  14.0%
8 p=0.0041

Survjvat rate

0 25 50 N 100 125 150 175
Time after vesection (months)

FIGURE 3 Cumulative survival curve according to the pattems of local
recurrence. The 5-year survival rate was 64.9 percent for the visceral
pattern and 14.0 percent for the parietal pattemn. This difference was
statistically significant (P=0.0041).

Surgical Procedures

PE, AMP, and LE were performed in 36, 10, and
15 patients, respectively; the curative resection rates
for these patients were 80 percent, 83.3 percent, and
78.9 percent, respectively. The 5-year survival rates
for the patients treated by PE, AMP, and LE were
17.8 percent, 25.9 percent, and 36.9 percent, respec-
tively. There was a statistically significant difference
in the 5-year survival rates for patients treated by PE
and AMP (P=0.0236).

Adjuvant Therapy

Preoperative radiotherapy was administered to 7
patients (11.5%). The 5-year survival rates for the
patients who did and did not receive preoperative
radiotherapy were 40.0 percent and 25.3 percent,
respectively; this difference was not statistically sig-
nificant. In total, 18 patients (29.5%) were treated by
the CHPPP regimen. The 5-year survival rates for
the patients who did and did not receive CHPPP were
17.5 percent and 31.0 percent, respectively; this dif-
ference was not statistically significant.

Histological Type

Overall, 24 patients had well-differentiated ade-
nocarcinoma, 27 patients had moderately differenti-
ated adenocarcinoma, 1 patient had poorly differenti-
ated carcinoma, and 9 patients had mucinous carci-

noma. The 5-year survival rates for the patients with
well-differentiated adenocarcinoma, moderately dif-
ferentiated adenocarcinoma, poorly differentiated
adenocarcinoma, and mucinous carcinoma were 32.6
percent, 17.6 percent, 100 percent, and 18.2 percent,
respectively; these differences were not statistically
significant.

Recurrence Patterns

The 5-year survival rates for the patients with
visceral and parietal recurrence were 64.9 percent
and 14.0 percent, respectively (P=0.0041; Figure 3).
Within the group with visceral recurrence, the 5-year
survival rate was 44.4 percent for patients treated by
PE and 87.5 percent for those treated by all methods
except PE. Patients treated by PE tended to have a
poor prognosis (P=0.0871). Within the group with
parietal recurrence, the 5-year survival rate was 7.4
percent for patients treated by PE and 23.8 percent
for those treated by all methods except PE. Again,
those treated by PE tended to have a poor prognosis
(P=0.0568; Figure 4).

Multivariate Analysis

Parietal recurrence and PE were both identified
as factors that had a significant effect on prognosis
(Table 2).

Survival rate Visceral pattern
§ years Survival

Ly -
.l.___ —87.5%
1 e 44.4% 8
6 p=0.0871 6
R I R TR .

T T —T

Survival ratParietal pattern

S years Survival

—_—23.8%

G 25 S0 75 100 125 130 175 200 o
Time after resection {months)

—— Except PE

25 50 75100 125 150 175 200
Time after resection (months)

FIGURE 4 Cumulative survival curve according to the surgical procedures for each pattem of
local recurrence. A statistically significant difference was found between the group treated by PE
and the group treated by ail methods except PE (P=0.0871) for the viscera! pattern, but not for
the parietal pattern (P=0.0568).

Visceral (n=18) Parietal (n=43) P value
Rec. tumor diameter 5.7+3.4cm 5.2+2.2cm 0.5898
Primary tumor diameter  4.7+1.8cm 5.0+2.5cm 0.6181
Histology 0.0087
Well 12 12 (Well/Mod .vs.
Poor/ Muc)

Mod 6 22

Poor 1 0

Muc 0 9

Well: Well-differentiated adenocarcinoma; Mod: Moderately-differentiated

adenocarcinoma; Poor: Poorly-differentiated adenocarcinoma;

Muc: Mucinous carcinoma.
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Comparison of Histological Findings by
Recurrence Pattern

There were no differences in tumor diameter
between the groups with the two recurrence pat-
terns; however, many cases showed less-differentiat-
ed histology within the group with parietal recur-
rence (P=0.0087; Table 3).

Comparison of Local Re-Recurrence
Frequency by Recurrence Pattern and
Operative Procedure

Local re-recurrence occurred in 31 patients
(50.8%), 4 (22.2%) of whom showed visceral recur-
rence and 27 (62.8%) of whom showed parietal recur-
rence (P=0.0051). Local re-recurrence was observed
in 22 (61.1%), 3 (30.0%), and 6 (40.0%) of the patients
treated by PE, AMP, and LE, respectively; these dif-
ferences were not statistically significant (P=0.1379).

DISCUSSION

Surgical resection for local recurrence of rectal
cancer has been reported to have variable outcomes.
Estes et al. reported a 5-year survival rate of 49 per-
cent in patients undergoing PE for local recurrences.
Wanebo et al. (10) reported a relatively favorable 4-
year survival rate of 33 percent for patients undergo-
ing PE. However, Wiggers et al. (11) reported a 5-
year survival rate of 0 to 5 percent, and a median sur-
vival period of 3.5 to 13 months. Ike et al. (5) from our
department reported on the outcomes of PE accord-
ing to the extent of radical resection, and found that
the 5-year survival rate of patients undergoing cur-A
surgery (in which the tumor was excised with no his-
tological residue) was 31.6 percent; these investiga-
tors recommended that PE for local recurrences
should be conducted only in patients for whom the
long-term outcome could be estimated, because the
complication rate could be as high as 77.8 percent. By
contrast, Sakai et al. (12) reported no cases of 5-year
survival with any treatment other than surgery (that
is, chemotherapy, radiation chemotherapy, or hyper-
thermoradiation chemotherapy). At present, surgical
resection appears to be the only treatment modality
that can achieve long-term survival. The findings of
these papers indicated that the patients had a poor
surgical outcome because the recurrence was too
advanced to achieve curable resection even by PE.

Our current study revealed a significant differ-
ence in the long-term outcome between patients who
underwent PE and AMP; however, there were no sig-
nificant differences in the frequency of local re-recur-
rence among the patients undergoing the three sur-
gical procedures investigated. These results could not
be analyzed by a simple comparison, because the
background characteristics of the patients were dif-
ferent. There were no differences in the curative
resection rates among the different surgical proce-
dures.

The recurrence patterns were classified as viscer-
al or parietal for the purposes of our analysis. Yama-
da et al. (13) reported that the extent of pelvic infil-
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tration was correlated with the prognosis. The caus-
es of local recurrence are thought to include circum-
ferential radial margin shortage, cancer cell scatter,
pelvic side wall lymph-node recurrence, and anasto-
motic cancer cell implantation. However, if the local
recurrence has reached a certain size before diagno-
sis, it can be difficult to determine the exact cause.
We examined whether the recurrence occurred at the
center of the rectum or the wall of the pelvis. Our
findings highlighted a difference in the treatment
results. We identified a significant difference in the
long-term outcome depending on the recurrence pat-
tern: the 5-year survival rate in patients with viscer-
al recurrence was 64.9 percent, while that in patients
with parietal recurrence was 14.0 percent. We there-
fore believe that the local recurrence type should
have a significant influence on the treatment method
that is selected. The clinicopathological characteris-
tics of the two groups differed only in the frequencies
of mucinous carcinoma and local re-recurrence,
which were higher in patients with parietal recur-
rence.

The efficacy of preoperative radiotherapy as an
adjuvant therapy remains unclear. We were unable
to reach a definitive conclusion based on the results
of the present study alone, because only 7 patients
underwent preoperative irradiation and their back-
ground characteristics differed considerably from
those of the patients who did not undergo preopera-
tive irradiation. Further studies with larger numbers
of patients are needed to clarify this point.

In our hospital, CHPPP was used to prevent local
recurrences in 120 patients with T3 or T4 rectal can-
cer between October 1992 and February 1999.
Among 111 patients treated with cur-A and cur-B
(the latter being ablative surgery in which there is a
histological residue although is not visible to the
naked eye), 8 (7.2%) developed local recurrences; this
frequency was not significantly different from that
observed in 131 patients (8 patients; 6.1%) who did
not undergo CHPPP during the same period. As a
consequence, this approach was not used after March
1999.

The efficacy of chemotherapy as an adjuvant ther-
apy or major treatment could not be assessed in the
current study, because the subjects had been treated
prior to 1998, at a time when there were no effective
evidence-based regimens. More recent reports have
demonstrated the remarkable efficacy of chemother-
apy for the treatment of colorectal cancer, and the
appearance of new regimens, such as FOLFOX and
FOLFIRI (in which irinotecan is used in combination
with fluorinated pyrimidine), has markedly
increased the median survival rates of cases of
advanced colorectal cancer with recurrence (6-8).
Combination therapy with molecule-targeting drugs
is also expected to improve the cutcomes in the future
(9). Thus, a treatment ‘generation gap’ seems to have
arisen over a period of just a few years. If the com-
bined use of new regimens with molecule-targeting
therapeutic drugs or multimodality oncotherapy
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including radiation yields a superior outcome to that
of surgical resection for resectable local recurrences
of rectal cancer, we predict that the need for re-oper-
ation will decline in the future.

CONCLUSIONS
Curative resection appears to be effective for
cases of rectal cancer with visceral recurrence. By
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ABSTRACT

Background. A lateral pelvic lymph node dissection
(LPLD) for lower rectal cancer may be beneficial for a
limited number of patients. If sentinel node (SN) navigation
surgery could be applied to lower rectal cancer, then
unnecessary LPLDs could be avoided. The aim of this study
was to investigate the feasibility of lateral region SN biopsy
by means of indocyanine green (ICG) visualized with a near-
infrared camera system (Photodynamic Eye, PDE).
Methods. This study investigated the existence of a lateral
region SN in 25 patients with lower rectal cancer. ICG was
injected around the tumor, and the lateral pelvic region was
observed with PDE.

Results. With PDE, the lymph nodes and lymph vessels that
received ICG appeared as shining fluorescent spots and
streams in the fluorescence image. This allowed the detec-
tion of not only tumor-negative SNs but also tumor-positive
SN as shining spots. The lateral SNs were detected in 6 of 6
T1 and T2 diseases and 17 of 19 T3 diseases. The lateral SNs
were successfully identified in 23 (92%) of the 25 patients.
The mean number of lateral SNs per patients was 2.1. Of the
23 patients, 6 patients underwent LPLD. Of the 3 patients
who had a tumor-negative SN, all dissected lateral non-SNs
were negative in all 3 cases.

Conclusions. We could detect the lateral SNs, not only in
T1 and T2 disease, but also in T3 disease. Although this is
only a preliminary study, the detection of lateral SNs in

© Society of Surgical Oncology 2009

First Received: 13 February 2009;
Published Online; 23 September 2009

M. Ohue, MD, PhD
e-mail: ohue-ma@mc.pref.osaka.jp

lower rectal cancer by means of the ICG fluorescence
imaging system is considered to be a promising technique
that may be used for determining the indications for per-
forming LPLD.

Gerota, in 1895, described the lateral and upward lym-
phatic flow of the rectum as shown by a dye injection
method.! Nevertheless, an abdominopelvic lymph node
(LN) dissection failed to yield any benefit in patient sur-
vival.>? In Japan, lateral pelvic LN dissection (LPLD) is
performed for middle or lower rectal cancer; it has been
shown to be associated with a lower local recurrence rate
than that achieved by conventional surgery.*® However,
the routine adoption of LPLD for patients with locally
advanced rectal caner remains controversial because less
than one quarter of all patients with locally advanced rectal
cancer have lateral lymph node metastasis, and the prog-
nosis of patients with lateral lymph node metastasis is
reported to be poor even after LPLD.%?

" Sentinel node (SN) is defined as the first node in the
regional lymphatic basin that drains the primary tumor and
radioisotope and/or dye has been used to detect it. A SN

'biopsy (SNB) is the standard procedure to determine the

axillary staging in breast cancer with clinically negative
nodes.'%!! Recently, the SNB concept has been applied to
cancers of the gastrointestinal tract.'>™"> If SNB could be
applied to lower rectal cancer, then unnecessary LPLDs
could thus be avoided and a personalized lymphadenec-
tomy might instead be possible. Numerous studies,
including these above reports, have used a radioactive
colloid tracer (e.g., 99mTe sulfur colloid) or a visible blue
dye (e.g., isosulfan blue).'® Recently, a promising new
technique that uses SNB guided by indocyanine green
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(ICG) fluorescence imaging has been reported in the
treatment of gastric cancer.'”'®

The current study is, to our knowledge, the first report of
a lateral region SNB in lower rectal cancer guided by ICG
by means of a near-infrared camera system. By examining
various concentrations of ICG, we were able to thus
determine the optimal concentration. We herein investi-
gated the feasibility for the use of this novel detection
technique to perform a lateral pelvic SNB.

PATIENTS AND METHODS
Patients

Twenty-five patients with lower rectal cancer, who were
preoperatively diagnosed to have stage II or III disease,
clinically staged according to the tumor, node, metastasis
(TNM) system of classification of the International Union
Against Cancer, were investigated.'® The patients were
clinically diagnosed before surgery on the basis of the
findings of colonoscopy, barium enema, computed tomo-
graphic scan, and magnetic resonance imaging. They had
no metastasis in the lateral pelvic LNs in the preoperative
diagnosis. All underwent curative surgery either with or
without LPLD between January 2007 and December 2007.
None of the patients had preoperatively undergone either
chemotherapy or irradiation. This study was approved by
the Human Ethics Review Committee of Osaka Medical

FIG. 1 a Near-infrared camera
system (PDE, Photodynamic
Eye). b PDE system. ¢ The
camera unit was covered with
sterilized transmissive cover.

d The camera unit was handled
directly by the surgeon
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Center for Cancer and Cardiovascular Diseases, and a
signed consent form was obtained from each patient.

Detection of the SN by ICG With the Near-Infrared
Camera System

Before performing the laparotomy, a fine needle (26
gauge) was inserted into the submucosal layer via the anus,
and ICG dye (Diagnogreen; Dai-Ichi Pharm, Tokyo, Japan)
was then gently injected at four sites on the anal side of the
tumor circumferentially. The total amount of injected dye
was | mL (5 mg, .5% ICG) for each patient. After the
rectal cancer was resected, the lateral vesical and obturator
spaces were opened by the extraperitoneal approach
between the lateral aspect of the internal iliac vessels and
the pelvic wall. The surrounding adipose tissue around the
common-internal iliac arteries and the obturator spaces
were observed with the PDE. This allowed the identifica-
tion of the SN around the lateral pelvic region. Of the 25
patients, 8 patients underwent a rectal resection with
LPLD, and 17 patients underwent a rectal resection without
LPLD.

ICG fluorescence imaging was carried out with the near-
infrared camera system (Photodynamic Eye, PDE; Ham-
amatsu Photonics, Hamamatsu, Japan) (Fig. 1a). The light
source was a light-emitting diode that emitted light at a
wavelength of 760 nm, and the detector was a charged-
coupled device camera with a filter used to filter out light
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FIG. 2 Diagram showing the division of the lateral pelvic region

Obturator nerve

with a wavelength of <820 nm. The fluorescence signals
were sent to a digital video processor to be displayed on a
TV monitor in real time (Fig. 1b). The camera unit of the
device was covered with a sterilized transmissive cover
(Fig. 1c). This camera was held directly by the surgeon,
and it was placed approximately 20 cm ahead of the pelvic
side wall (Fig. 1d).

Division of the Lateral Pelvic Region

According to the Japanese Classification of Colorectal
Carcinoma, the lateral pelvic region may be classified into
three divisions: (1) the common iliac region along the
common iliac artery, (2) the internal iliac region along the
internal iliac artery, and (3) the obturator region along the
obturator nerve, artery, and vein (Fig. 2).20

Statistical Analysis

The statistical analysis was performed with the StatView
version 5.0 software package (Abacus Concepts, Berkeley,
CA). The data are presented as mean = standard deviation.
The data were analyzed by the ¥ test for discrete variables.
If the sample size was small, then Fisher’s exact test was
used. A P value of <.05 denoted the presence of a statis-
tically significant difference.

RESULTS
Patient Characteristics
The patients included 16 men (64%) and 9 women

(36%), with an average age of 58.4 4 11.6 (range, 33-74)
years. The anal edge of all tumors lower levels was located
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TABLE 1 Clinicopathological findings of the 25 patients with rectal
cancer

Characteristic Value
Age (y) 584 4+ 11.6 (3310 74)
Sex

Male 16 (64%)

Female 9 (36%)

Distance from dentate line (cm) 31 £23(—1.0t07.0)

Tumor size (cm) 4.5 £ 1.9 (1.2 to 8.3)

Histological grade

Well 7 (28%)

Mod 17 (68%)

Muc 1 (4%)
Primary tumor

pTl 1 (4%)

pT2 5 (20%)

pT3 19 (76%)
Regional lymph nodes

pNO 9 (36%)

pN1 13 (52%)

pN2 3 (12%)
pTNM stage

1 5(20%)

11 4 (16%)

1 16 (64%)
Lymphatic invasion

No 6 (24%)

Yes 19 (76%)
Venous invasion

No 10 (14%)

Yes 15 (86%)

Well, well differentiated adenocarcinoma; Mod, moderately differ-
entiated adenocarcinoma; Muc, mucinous adenocarcinoma; TNM,
tumor, node, metastasis system. Data are presented as mean - stan-
dard deviation (range); or n (%)

either at or below the peritoneal reflection. The distance
from the dentate line to the lower border of the tumor was
3.1 &£ 2.3 (range, —1.0 to 7.0) cm. The tumor size was
4.5 + 1.9 (range, 1.2-8.3) cm. Most tumors were moder-

-ately differentiated adenocarcinoma (n = 17), followed by

well-differentiated adenocarcinoma (n = 7) and mucinous
adenocarcinoma (n = 1) (Table 1).

Feasibility

The optimal concentration of ICG was examined in a
few cases at each concentration. At first, the sensitivity for
SN was checked at 1 mL (2.5 mg, .25% ICG). However, it
was difficult to find the lateral LN that uptakes ICG with
PDE. We could not identify lateral SNs in three cases. The
detection rate was 0% (0 of 3). Next, we checked the
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'fr[‘\BLlj: '2 dC?inicogat(hologfncal Clinopathological feature No. of cases No. of SNs Success P value
.Cd(Ul.' cs an success rate o examined detected rate (%)
identifying lateral SNs
Age
<60y 13 13 100 22°
60y 12 10 83
Sex
Male 16 15 94 99°
Female 9 8 89
Distance from dentate line
<3.0 cm 10 8 80 15"
30cm 15 15 100
Tumor size
<4.5 cm 1 1 100 Ag°
4.5 ¢ 14 12 86
Histological grade
Well 7 7 100 .60°
Mod 17 15 88
Muc | 1 100
Primary tumor
pTl [ | 100 ik
pT2 R 5 100
pT3 19 17 89
Upward LN status
Negative 10 100 50"
Positive 15 13 87
pTNM stage
I 5 5 100 54
Well, well differentiated I 4 4 100
adenocarcinoma; Mod, m 16 14 88
moderately differentiated L hatic invasi
adenocarcinoma; Muc, ymphatic invasion
mucinous adenocarcinoma; LN, No 6 5 83 43°
Iymph node; SN, sentinel node; Yes 19 8 95
TNM. tumor, node, metastasis Venous invasion
system b
s 2 No 10 9 90 .99
7" test
Yes 15 14 93

® Fisher's exact test

sensitivity of SN at | mL (5 mg, .5% ICG). PDE clearly
detected the LNs and lymph vessels that received ICG. We
could identify lateral SNs in all three cases, and the
detection rate was 100% (3 of 3). Finally, the sensitivity of

SN was checked at 2 mL (10 mg, .5% ICG). However, at

this level, not only the lateral LN but also the surrounding
adipose tissue were visualized as shining fluorescent spots
with PDE. We could identify lateral SNs in one of two
cases, and the detection rate was 50% (1 of 2). On the basis
of these results, we injected 1 mL (5 mg, .5% ICG)
throughout the subsequent experiments.

No adverse events related to the ICG injection occurred.
The upward LNs along the inferior mesenteric artery could
be detected by PDE in all cases. However, these PDE-
positive LNs could not be detected by examination with the

naked eye. The LNs and lymph vessels not seen in ordinary
white light were visualized by PDE in the surrounding
adipose tissue around the common-internal iliac arteries
and the obturator spaces (Fig. 2). The preparation of the
device, injection of ICG, and the observation of the fluo-
rescent images took less than 30 minutes.

Detection of Lateral SNs

The LLNs and lymph vessels that received ICG appeared
as shining fluorescent spots and streams in the fluorescence
image of the PDE. The lateral SNs were successfully
identified in 23 (92%) of the 25 patients. The total number
of lateral SNs was 48. The number of lateral SNs per
patients was 2.1 & .8 (range, 1-4). Of the 48 SNs, 25
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FIG. 3 Detection of sentinel
nodes (SNs) around the left
internal iliac artery. a With the
Photodynarmic Eye (PDE) system,
the lymph node (LN) that
received indocyanine green (ICG)
appeared as a shining fluorescent
spot (arrow). b With PDE, the
lymph vessel that received ICG
appeared as a shining fluorescent
stream {arrow). (¢) The SN that
received ICG is not visibly
stained green when examined by
the naked eye. d The same SN
that received ICG appeared as a
shining fluorescent spot with PDE

(52%) were detected in the internal iliac region, 19 (40%)
were detected in the obturator region, and 4 (8%) were
detected in the common iliac region. Age, sex, distance
from dentate line, tumor size, histological grade, primary
tumor, upward LN status, TNM stage, lymphatic invasion,
and venous invasion did not affect the successful identifi-
cation of the lateral SNs (Table 2, Fig. 3).

Correlation Between the Tumor-Positive Lymph Nodes
and Dissected Lymph Nodes

We used the number of LPLD and the status of SN and
non-SN by hematoxylin and eosin (HE) staining and made

a flowchart (Fig. 4). If we could detect the lateral SNs with
PDE, we diagnosed the patients to have metastasis or not in
the SNs on the basis of the intraoperative rapid diagnostic
test with HE staining. In addition, we diagnosed the
patients to have metastasis or not in the dissected lateral
non-SNs on the basis of the postoperative pathological
diagnosis with HE staining. Lateral SNs were detected in
23 of 25 patients. LPLD was performed in 6 of the other 23
patients with lateral SNs. Three patients demonstrated

‘metastasis by HE staining in the lateral SNs. In two (67%)

of these three patients, tumor-positive LNs were not
detected in the dissected lateral non-SNs. Although another
three patients demonstrated no metastasis by HE staining in

FIG. 4 Number of LPLD and the
status of SN and non-SN by

Dissected lateral

hematoxylin and eosin staining Lateral SN SN by HE LPLD
non-SN by HE
ce A LPLD(+) positive N=1
positive N=3 N=3 negative N=2
Detectable
N=23 LPLD(+) ey positive N=0
N=3 negative N=3
negative N=20

LPLD(-) Not available

=17 N=17
Not detectable Not available LPLD(+) positive N=0
N=2 N=2 N=2 negative N=2
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