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ORIGINAL ARTICLE

The Effect of Granisetron on In Vitro
Metabolism of Paclitaxel and Docetaxel

Yoh Watanabe, MD, PhD, Hiroyuki Nakajima, MD, Koichi Nozaki, MD, PhD, Hiroshi Hoshiai, MD, PhD, Kiichire

Noda, MD, PhD, Osaka, Japan

PURPOSE

DISCUSSION

Paclitaxel and docetaxel are effective anticancer agents; how-
ever, these agents ¢can be asscciated with the debilitating side
effects of nausea and vomiting, thereby necessitating the admin-
istration of concomitant antiemetic agents. This increases the
potential for drug—drug interactions through inhibition or induction
of the cytochrome P450 (CYP) enzymes. The 5-HTsreceptor an-
tagonists are currently regarded as the antiemetic ‘gold standard’
and this study was undertaken to investigate the effects of
granisetron on the metabolism of paclitaxel and docetaxel in
human liver microsomatl preparations in vitro,

METHODS

Paclitaxel, 5 nM, and docetaxel, 1.25 nM, were incubated in the
presence of granisetron, 0, 10, 100, and 1000 pM, in human
liver microsomal preparations (500 pg). The levels of unchanged
paclitaxel and docetaxel Iin the incubation mixture were deter-
mined by high—performance liquid cﬁromatography. Ketocona-
zole, 10 nM, a potent inhibitor of CYP3A metabolism, served as
a positive control.

RESULTS

In the absence of granisetron, unchanged paclitaxel and doce-
taxel levels measured were 27.2 + 2.8% and 44.3 + 4.0% of

control, respectively. Ketoconazole prevented the breakdown of
both paclitaxel and docetaxel, to the degree that no unchanged
paclitaxel or docetaxel was detected in the incubation mixture,
Granisetron had no effect on the rate of reduction of either
paclitaxel or docetaxel; unchanged paclitaxel and docetaxel de-
creased to 25.0 + 1.5%, 26.4 = 1.0%, and 27.6 £ 6.4%, and
0.5%, respectively.

442 + 1.5%, 41.2 + 4.1%, and 43.1 £
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The results from this study suggest that granisetron neither inhib-
its nor induces the enzymes involved in the metabolism of pacli-
taxel or docetaxel. Thus, granisetron can be used safely as a
supportive care agent to treat paclitaxel or docetaxel chemother-
apy-induced nausea and vomiting with minimal risk of drug-drug
interactions. (Cancer J 2003;9:67-70)

KEY WORDS L
Granisetron, paclitaxel, docetaxel, ketoconazole CYP3A metab-
olism, human liver microsomes

Pac!itaxel and docetaxel are effective anticancer agents
when administered in combination with platinum com-
pounds for the treatment of ovarian,’ lung,* and breast®
cancer. Unfortunately, these chemotherapy regimens are
still associated with debilitating nausea and vomiting
side effects of therapy. Since the introduction of the
5-HT,-receptor antagonist antiemetic agents, however,
more patients are able to achieve good control of emesis
related to chemotherapy regimens.

Granisetron has been used successfully in clinical
trials to control nausea and vomiting in patients under- -
going moderately or severely emetogenic chemother-
apy®7 and is a potent and selective antagonist at the
5-HT,-receptor.t However, concomitant administration
of chemotherapy agents with supportive care agents
increases the likelihood for in vivo drug—drug interac-
tions via the cytochrome P450 (CYP) enzyme system ®
Paclitaxel is metabolized primarily by hydroxylation via
CYP2C8 to 6e-hydroxypaclitaxel and CYP3A4 to 3"-(p-
hydroxyphenyl) paclitaxel,'® and docetaxel is hydroxy-
lated by CYP3A4 to hydroxydocetaxel !t Granisetron
metabolism is also mediated via the CYP3A subfamily,
where 7-hydroxygranisetron is the major metabolite
produced with a small degree of metabolism to 9’-des-
methylgranisetron.!? Metabolism of granisetron via the
CYP3A isoenzymes thereby increases the potential for
an interaction between itself and either paclitaxel or
docetaxel.

A previous study demonstrated that granisetron does
not inhibit the activities of CYPLA2, CYP2A6, CYP2EBS,
CYP2C9/8, CYP2C19, CYP2D6, CYP2E], or CYP3A at

67
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concentrations up to 250 nM/mL!?; however, the current
study was undertaken to investigate the effects of
granisetron specifically on the in vitre metabolism of
paclitaxel and docetaxel in human liver microsomes.

METHODS

Chemicals

Granisetron was obtained from Nippon Roche KK
(Tokyo, Japan). Paclitaxel was obtained from Sigma
Chemical Co. (St. Louis, MQ, USA), docetaxel was from
Aventis Pharma Ltd. (Tokyo, Japan), and ketoconazole
was from Biomol Research Laboratories, Inc. (Plymouth
Meeting, PA, USA). All other reagents were purchased
from commercial sources and were of the highest grade.

Human Liver Microsomes

Three batches of pooled human liver microsomes (Inter-
national Institute for the Advancement of Medicine:
1IAM, Scranton, PA, USA), collected from five men and
five women donors, were used. They were preserved at
~-80°C until the time of use.

Analytical Procedures

Human liver microsomes, 500 g, were incubated at
37°C in the presence of 0.1 M potassium phosphate
buffer (pH 7.4) and 0.1 mM NADPH in a final volume
of 0.5 mL. Preliminary experiments determined the in-
cubation time and the concentration of paclitaxel and
docitaxel. Based on the findings of these studies, granise-
tron (finat concentration 10, 100, and 1000 pM) was
incubated with the human liver microsome preparation

for 60 minutes in combination with either paclitaxel, 5 -

nM (10 nM/mL), or docetaxel, 1.25 nM (2.5 nM/mL).
The levels of unchanged paclitaxel and docetaxel in the
incubation mixtures were determined by high-perfor-
mance liquid chromatography (HPLC), Ketoconazole,
10 nM, a potent inhibitor of CYP3A4, served as a positive
control.

HPLC Conditions

HPLC was performed according to the method of Sparre-
boom et al.?? The LC-10A Systern (Shimadzu Co., Tokyo,
Japan) was used as the determination device with an
Inertsil® separation column (150 X 4.6 mm ID, 5 uM,
GL Sciences Inc., Tokyo, Japan) with a guard column
{Guard Pal Inserts Nova Pak C18, Waters Co., Milford,
CT, USA). The flow rate of the mobile phase was set at
1.0 mL/min, column temperature was 60°C and the
wavelength for UV detection was 230 nM. Retention
times for unchanged paclitaxel and docetaxel in the
human liver microsome preparations were 7.5 and 8.8

Volume 9 Number 1 January/February 2003

minutes, respectively (Fig. 1), and the concentration of
each taxane was calculated using the area under the
peak. The limit of detection for paclitaxel and docetaxel
was 0.3 nM/mL. -

Statistical Analysis

The data were analyzed with one-way analysis of vari-
ance {ANOVA), followed by Bonferronis multiple t-test.
A value of P < 0.05 was deemed significant.

RESULTS

Preliminary experiments established optimum condi-
tions of 60-minute incubation time with paclitaxel and
docetaxel concentrations of 5 nM and 1.25 nM, respec-
tively (Fig. 2). In the presence of NADPH, ketoconazole
(10 nM), inhibited CYP3A4 metabolism and prevented
the breakdown of both paclitaxel and docetaxel in the
human microsomal preparations (Fig. 3). In the absence
of granisetron, the amount of unchanged paclitaxel (5
nM) and docetaxel (1.25 nM) in the incubation mixture
decreased by 27.2 * 2.8% and 44.3 + 4.0%, respec-
tively (Fig. 3). Granisetron, 10, 100, and 1000 pM, had
o effect on the rate of reduction of either paclitaxel or
docitaxel (P > 0.05, Fig. 3).

DISCUSSION

Metabolism of granisetron is primarily via the CYP3A
isoenzymes and this study confirms that granisetron

Absorbance at 230 nM

T T - T 1 1 I‘ 1
IS {paclitaxel)

0 - l T T T

Absorbance at 230 nM

Time, minutes

FIGURE 1 Typicat HPLC chromatograms of paclitaxel (upper
panel) and docetaxel (lower panel} separated from human liver
microsomal preparations. Paclitaxel and docetaxel were used as
internal standards (IS) for the determination of docetaxel and
paclitaxel, respectively.
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FIGURE 2 Effect of incubation time (60, 120, and 180 minutes)
on paclitaxel and docetaxel (5 nM) metabolism {left panel) and
concentration of paclitaxel and docetaxe! (final concentration:
1.25, 2.5, 5, 10 nM) {right panel) in human liver microsomes.

neither inhibits nor induces the enzymes involved in
the metabolism of paclitaxel or docetaxel in an in vitro
human liver microsomal preparation. These results are
in agreement with Bloomer et al, who demonstrated
that granisetron does not inhibit the activity of a number
of CYP isoenzymes at concentrations between 2 and 5
pM.12 In this study, granisetron did not interact with
the breakdown of these taxanes, even at concentrations
up to 30-fold higher than the reported maximum plasma
concentration (C,,.) in vivo.'* The concentration of
paclitaxel and docetaxel investigated in this study were
simnilar to the C,,, reported for intravencus administra-
tion of pactitaxel, 210 mg/m?, and docetaxel, 60 mg/m?
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Granisetron's Effects on Metabolism of Paclitaxel and Docetaxel

(10 nM/mL vs. 7.9 nM/mL, and 2.5 nM/mL vs. 1.9 nM/
mlL for paclitaxel and docetaxel, respectively).15:

Ketoconazole is a selective and potent inhibitor of
CYP3A isoenzymes, with a K; less than 1 pM,"" and
in the present study, ketoconazole, 10 nM, potently
inhibited the metabolism of both paclitaxel and doce-
taxel. Both docetaxel and paclitaxel are metabolized by
CYP3A4; however, paclitaxel is partly metabolized by
CYP2C8. Nevertheless, hydroxylation of paclitaxel was
completely inhibited by ketoconazole. However, at the
concentration used in this study, ketoconazole can also
inhibit CYP1A2, CYP2A6, CYP2(C8, CYP2(9, CYP2D6,
CYP2E] and CYP4 iscenzymes.t’

It has been estimated that cancer patients teceive up
to 10 different medications during an average hospital
stay? It is, therefore, imperative that drug—drug interac-
tions are minimized, and that potential interactions are
identified and prevented. The 5-HT;-receptor antago-
nists, regarded as the antiemetic “gold standard,” are
prescribed routinely for patients undergoing moderately
or highly emetogenic chemotherapy,” and currently
available agents include granisetron, dolasetron, on-
dansetron, and tropisetron. Granisetron is metabolized
exclusively by the CYP3A isoenzymes, imiting its poten-
tial for drug interactions. This is in contrast to ondanse-
tron, which—in addition to the CYP3A isoenzyme—is
metabolized by CYP2D6, CYP1A2, and to a small extent
by CYP1AL.? Therefore, the possibility exists for multi-
ple drug—drug interactions between ondansetron and
medications that are also metabolized by these isoen-
zymes. Dolasetron and trepisetron, while being metabo-
lized by members of the CYP3A group, are also broken
down by CYP2D6.?

Because the taxanes paclitaxel and docetaxel are pre-
dominantly metabolized by CYP3A4, and these agents
can cause debilitating side effects of nausea and vom-
iting, consideration must be given to the choice of anti-
emetic agent offered to patients. The results from this
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"FIGURE 3 Effect of granisetron on the metabolism of paclitaxel, 5 nM (left panel) and docetaxel, 1.25 nM (right panel} in human
liver microsomes. Data are the mean = SD of three determinations. ND, not detected; £ > 0.05 versus no granisetron.
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study suggest that granisetron can be used salely as a
supportive care agent to treat paclitaxel or docetaxel
chemotherapy-induced nausea and vomiting without
the risk of drug—drug interactions.
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Abstract

. Objective. The purpose of this study was to examine the feasibility of sentinel lymph node (SLN) detection in patients with endometrial
cancer using preoperative lymphoscintigraphy and an intraoperative gamma probe.

Patients and methods. Between June 2001 and January 2003, 28 consecutive patients with endometrial cancer who were scheduled for
total abdominal hysterectomy, bilateral salpingo-oophorectotny, total pelvic lymmphadenectomy, and paraaortic lymphadenectomy at Tohoku
University School of Medicine underwent sentinel lymph node detection. On the day befors surgery, preoperative lymphoscintigraphy was
performed by injection of 99m-Technetium (**™Tc)-labeled phytate into the endometrium during hysteroscopy. At the time of surgery, a
gamma-detecting probe was used to locate radioactive lymph nodes.

Resudts. At least one sentinel node was detected in each of 23 of the 28 patients (82%). The mean number of sentinel nodes detected was
3.1 (range, 1-9). Sentinel nodes could be identified in 21 of 22 patients {95%) whose tumor did not invade more than halfway into the
myometrium. Eighteen patients had radioactive nodes in the paraaortic area. Most patients had a sentinel node in one of the following three
sites: paraaortic, external iliac, and obturator. The sensitivity and specificity for detecting lymph node metastases were both 100%.

“Conclusion. The combination of preoperative lymphoscintigraphy with intraoperative gamma probe detection may be useful in

identifying sentinel nodes in early-stage endometrial cancer.
© 2003 Elsevier Inc. All rights reserved.

Keywords: Sentinel lymph node; Endometrial carcinoma; **™Tc-phytate

Introduction

Endometrial cancer is the most common type of gyne-
cological malignancy in Western countries [1]. The primary
surgical procedures for patients with endometrial cancer
include total abdominal hysterectomy and bilateral sal-
pingo-oophorectomy with clinical or pathologic assessment
of the regional lymph nodes. The question of whether or not
to perform systematic pelvic lymphadenectomy and para-
aortic lymphadenectomy remains controversial in many
countries because of the inability to predict those patients
who would benefit from node resection. The incidence of
Iymph node metastasis in patients with clinical stage I and
occult stage II endometrial carcinoma is approximately 10%

* Corresponding author. Department of Obstetrics and Gynecology,
Tohoku University School of Medicine 1-1, Seiryo-machi, Aoba, Sendai
980-8574, Japan. Fax: +81-22-717-7258.

E-mail address: yaegashi@mail.tains.tohokw.ac jp (IN. Yaegashi).

0090-8258/§ - see front matter © 2003 Elsevier Inc. All rights reserved.
doi:10.1016/i.ygyno.2003.10.039

[2]. Among patients with lymph node metastasis, approxi-
mately 50% had lymph node metastasis in the pelvic area,
30% in both the pelvic and paraaortic areas, and 20% in the
paraaortic area alone. Complete pelvic and paraaortic lym-
phadenectomy may produce severe surgical sequelae such
as Iymph cyst, lymphedema, massive bleeding, ileus, and
urologic or vascular injury. To minimize these sequelae,
some institutions perform retroperitoneal Iymphadenectomy
on only high-risk patients who have risk factors such as
deep myometrial invasion, isthmus-cervix extension, extra-
uterine spread, special histological types, high grade, en-
larged lymph nodes, etc. However, patient selection
according to these factors is far from ideal, because over
half of these high-risk patients are negative for Iymph node
metastasis.

In an effort to avoid complete systematic lymphadenec-
tomy whenever possible, the sentinel fymph node (SLN)
concept has been applied to the treatment of malignancies
of various organs [3]. In the case of gynecological malig-
nancies, the feasibility of this concept has been examined
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in patients with vulvar cancer [4,5] and to a lesser extent
with uterine cervical cancer [6]. Phase III studies of
sentinel node detection in vulvar cancer are currently in
progress in the USA and in Europe. However, only three
reports [7-9] of sentinel node detection utilizing blue dye
in endometrial carcinoma have been published, and these
studies did not establish the feasibility of the method for
these cases.

The aitn of the present study is to examine the feasibility
of sentinel lymph node detection using preoperative lym-
phoscintigraphy and an intraoperative gamma probe for
paticnts with endometrial cancer with the goal of avoiding
unnecessary lymph node resection.

Materials and methods
Patients

Between June 2001 and January 2003, consecutive
patients undergoing laparotomy for endometrial cancer at
Tohoku University Hospital were enrolled in this study. The
study design was explained to the patients, and only patients
who provided written informed consent participated in the
study. However, excluded were patients with obvious cer-
vical invasion and obvious extrauterine spread at their
preoperative evaluation with- MR, CT, and transvaginal
ultrasonography. The lymph node spread pattern from the
uterine cervix was taken into consideration in this evalua-
tion. The patients were scheduled for total abdominal
hysterectomy, bilatcral salpingo-oophorectomy, total pelvic
lymphadenectotny, and paraaortic lymphadenectomy to the
level of renal veins.

Lymphoscintigraphy with 99m-Technetium

On the day before surgery, the patient was carried to the
clinic of Nuclear Medicine and Radiology Department, and
preoperative lymphoscintigraphy was performed by injec-
tion into the endometrium of 2.0 ml of fluid containing 38—
70 MBq 99m-Technetium (**™Ic)-labeled phytate (DRL,
Tokyo, Japan) dissolved with patent blue as the followings.
In this study, we used blue dye not to detect sentinel nodes,
but to ensure the injection under the endometrium without
leakage. After the uterine cervix was dilated with laminaria
for 15 h, a hysteroscope, 5.5 mm in diameter, was inserted
into the uterine cavity with physiological saline. Tumors in
every patient were observed through the hysteroscopy. We
only judged cases with apparently focal tumorous lesion as
focal. These cases could be reconfirmed by postoperative
histopathological examination, Visually directed injection of
[®®"Tc] phytate with blue dye under the hysteroscopic
observation was performed with a 21-gauge needle at four
sites under the endometrium around the tumor, During the
procedure, no anesthesia was requested. For patients with
multiple or diffuse tumors in the uterine cavity, **™Tc-

radiocolloid was injected into the following five sites: the
fundus, the right mid-lateral wall, the left mid-lateral wall,
and the mid-anterior or mid-posterior wall. Dynamic lym-
phoscintigraphy was performed, and hot spots, indicating
sentinel lymph nodes, were identified within 10 min in most
cases. The first lymphoscintigram was taken at this time,
and the second lymphoscintigram was taken the next
moming just before the patient entered the operating room.
Phytate is 200~1000 nm in diameter and half-life of *™Tc
is short at 6 h. Total radicactivity used for one person was 2
mCi, which is much less than used for the standard bone
scintigram at 20-50 mCi. Even if one operator performed
the present procedure of sentinel node detection 500 times,
the operator’s total exposure would be much less than 50
mSv per year, which is the maximum allowable exposure
per year as proposed by International Commission on
Radiological Protection (ICRP) 1977. The irrigation fluid
used through the hysteroscopic procedure was collected in
the clinic and disposed of according to the laws for the
disposal of radioactive waste in Japan,

Intraoperative lymphatic mapping and sentinel lymph node
identification

Before starting tymphadenectomy, the radioactive lymph
node was located by using a gamma-detecting probe
(Navigator GPS, RMD: Watertown, MA). After lymphade-
nectomy, the area of lymphadenectomy was surveyed with
the probe to confirm that no radioactive tissue remained.
When the gamma-detecting probe registered counts over
10-fold above background radiation levels, the node was
considered radioactive. All radioactive nodes were consid-
ered sentinel lymph nodes. All surgically removed -lymph
nodes were reexamined with the gamma-detecting probe
ex vivo. .

Pathology

All surgically removed lymph nodes, including the sen-
tinel lymph nodes, were examined histopathologically using
routine hematoxylin and eosin (H&E) staining., At least one
section from each lymph node divided at the maximal
diameter was reviewed by two independent pathologists.
Lymph nodes that were diagnosed as negative for metastasis
by routine H&E staining were immunostained with an anti-
cytokeratin antibody (MNF116, DAKO, Japan) to detect
cytokeratin, which is characteristic of micrometastatic cancer
cells.

Results
Patient characteristics

- The characteristics of 28 patients enrolled on the study
are summarized in Table 1. Patient ages ranged from 29
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Table 1
Patient characteristics
Case Age Stage Histology Myomefrial Tumor Washing
invasion distribution  cytology
1 57 1IC Gl >1/2 not focal -
2 57 1A sip <i/2 focal -
3 60 IB G2 <172 focal —
4 49 A  Gi <1/2 not focal +
5 65 IC Gl »1/2 not focal -
6 71 1A Gl <12 focal -
7 30 1A Gi <12 focal -
8 37 1B Gl <1/2 focal -
9 53 1A Gl <1/2 focal -
10 58 IB G2 <1/2 not focal -
11 63 e G3 >1/2 not focal +
12 59 IC Gl >1/2 not focal -
13 48 1C Gl >1/2 not focal -
14 52 B G2 <172 facal —
15 29 1B Gl <172 focal -
16 48 1B Gl <172 nof focal -
17 67 IIA G2 <12 focal -
18 53 B Gl <172 focal -
19 50 N Gl <172 not focal -
20 49 . 1B Gl <1/2 focal -
21 47 1A Gl <172 not focal -
22 70 1A sip <1/2 focal -
23 59 IB Gl <112 facal -
24 49 1A Gl <1/2 facal —
25 56 IB Gl <1/2 focal —
26 63 IC Gl >1/2 not focal -
27 60 1B Gl <1/2 focal -
28 56 1B G2 <1/2 not focal —

&/p: serouspapillary.

to 71 years (median 56 years). The mean number of
lymph nodes removed was 42.9 (range: 22—75) for pelvic
lymph nodes and 27.9 (range: 6—46) for paraaortic lymph
nodes.

Detection rates and sites of sentinel lymph nodes

Preoperative lymphoscintigraphy detected at least one
hot spot indicating a sentinel lymph node in 19 of 28
patients (68%) (Fig. 1). For four of the remaining nine
patients, an intraoperative or ex vivo survey with the gamma
probe for hot spots identified sentinel lymph nodes. Alto-
gether, the detection rate for sentinel lymph nodes was 82%
(23 of 28). Among 22 patients with a superficial myometrial
invasion, sentinel node identification was missed in only
one case. On the other hand, among six patients with deep
myometrial invasion, four patients were missed. The detec-
tion rate for the former group was significantly higher than
that for the latter group: 95% (21/22) versus 33% (2/6) (P=
0.003, Fisher’s Exact Test). The mean number of sentinel
nodes detected was 3.1 (range: 1-9).

The location and number of sentinel nodes detected are
summarized in Table 2. The paraaortic region was a critical
site for sentinel nodes: paraaortic nodes (18 patients),
external iliac nodes (11 patients), and obturator basin (10

patients). Three patients had sentinel nodes only in the

paraaortic area, five patients had them only in the pelvic
area, and fifteen patients had nodes in both areas, Four
patients had sentinel nodes in the right side of the paraaortic
area above the inferior mesenteric artery and eight patients
had sentinel nodes in the area below the inferior mesenteric
artery. Eight patients had sentinel nodes in the left side of
the paraaortic area above the inferior mesenteric artery
where it was near left renaf vessels and five patients had
sentinel nodes in the area below the inferior mesenteric
artery.

Sensitivity and specificity of SLN for detecting lymph node
metaslasis

Two patients were diagnosed as having lymph node
metastasis after the routine H&E staining. Lymph nodes
judged to be metastasis-negative according to the routine
H&E staining were stained immunohistochemically with an
anti-cytokeratin antibody to detect micrometastases, but no
positive antibody signals were detected in any of these
lymph nodes.

Among 23 paticnts with at least one SLN, only 1 patient
(case 11) had metastatic lymph nodes. This patient had
seven metastatic lymph podes, one of which was at the
external iliac basin and was successfully detected as an
SLN. Among the other 22 patients with at least one SLN, all
of the SLNs were metastasis-negative and all of the other
Iymph nodes were metastasis-negative. These results thus
indicated that SLN detection gave 100% sensitivity (1/1)

ey s

e

Fig 1. Preoperative lymphoscintigram for case 7. Hot nodes are visible in
the pelvic and paraaortic areas. <=~ paraaortic lymph node -+« pelvic
lymph node «¢=: injection site in the uterus.
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Table 2
Location and munber of sentinel nodes
Case  Paraaorlic Common iliac Sacral External iliac Internal iliac Obturator Supra-inguinal Total

Upper Lower

R L R L R L R L R L R L R L R L
1 0 0 1] 1] 0 4] 0 ¢ 0 0 0 0 4] 0 0 0 0
2 0 0 1? i} 0 0 0 0 ¢ 0 0 0 0 i} 0 0 1
3 0 1 0 4] 0 0 1 0 0 0 0 0 1 0 0 0 3
4 0 0 0 0 0 0 i} 0 ] 0 0 0 1 2 0 0 3
5 0 0 0 0 0 0 i} 0 i} 0 0 0 0 0 0 0 0
[ 0 0 0 1 0 0 0 0 1 Q 0 0 1] 1 [¢] 0 3
7 0 3 0 1 0 0 0 0 1 1 0 0 i} 0 0 0 6
8 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1
9 0 ¢ 0 1 0 0 0 0 0 0 0 0 i} 0 0 0 1
10 1 1 0 0 0 [ 0 0 0 [¢] 0 0 0 0 0 0 2
11 0 0 0 0 0 0 0 0 0 10 0 0 0 0 0 0 1
12 0 ® 0 0 0 0 0 0 0 1? 0 0 0 0 0 0 2
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 1] ] 1 0 0 [¢] 0 0 1 1 0 0 1 0 0 0 4
15 0 1 1 0 i 0 0 0 0 0 0 1 0 0 0 0 4
16 1 0 1 0 0 0 0 0 0 0 1 0 1 2 0 0 6
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 0, 1 0 H 0 0 0 0 0 0 0 0 0 0 0 1 3
19 0 0 2 0 0 0 0 0 0 1 1 0 ] 0 0 0 4
20 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 3
21 0 0 1 0 0 0. 0 0 0 2 0 0 0 0 0 0 3
22 0 0 0 0 0 0 0 0 .0 - 10 0 0 0 0 0 0 1
23 H 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 3
24 0 1 0 0 i 0 0 0 i 0 0 0 0 0 0 0 3
25 1 0 0 3 1 0 0 0 1 2 0 0 1 0 0 0 9
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
27 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1
28 0 0 1 0 1 0 0 0 0 1" 1] 0 1 0 4] 0 4
Total 4 10 9 7 4 0 1 1] 6 12 2 1 7 T 0 1 71

The landrark separating upper and lower is inferior mesenteric artery.

Case 1. this patient had three swelling and palpable lymph nodes with high suspicion of metastasis upon inspection.

* Lymph node detected only by gamma probe.
b Metastasis-positive lymph node.

and 100% specificity (22/22) in detecting lymph node
metastases.

Among the remaining five patients in whom an SLN was
not detected, one patient (case 1) had three metastatic lymph
nodes, which were swollen and palpable during lymphade-
nectomy. These were strongly suspected to be metastatic
even on inspection during the surgery.

Discussion

We identified SLN for endometrial cancer with a success
rate of 82%, which is comparable to the SLN detection rates
for vulvar cancer [5] (86%) and cervical cancer [6] (85%). In
the 22 patients whose SLNs were metastasis-negative, all the
other [ymph nodes were also metastasis-negative, indicating
a sensitivity of 100%. In previous reports of SLN in
endometrial cancer, the detection rates of SLN were not
satisfactory. Echt et al. [8] reported that no sentinel nodes
were identified using the isosulfan blue dye method for eight
patients with endometrial cancer. They injected the dye

directly into the subserosal myometrium after the abdominal
cavity was opened. Holub et al. [9] reported that sentinel
nodes could be identified with patent blue dye, resulting in a
72% detection rate {18/25). They also injected the dye into
the subserosal myometrinm and the cervix subserosal myo-
metrium intraoperatively. However, since they did not seem
to be concerned with the paraaortic lymph nodes, no infor-
mation about paraaortic nodes was available from their
report. Burke et al. [7] used the isosulfan blue dye method,
injecting it into the subserosal myometrium intraoperatively.
They detected SLN with a 67% success rate (10/25). Their
detection rate was lower than that seen in the present study,
but they also detected SLNs at paraaortic sites.

QOur higher detection rate for SLNs were possibly due to
the following factors. Firstly, we used a radioisotope, which
could remain at the SLN much longer than dyes. In' our
preliminary studies with injection of blue dye through a
hysteroscope, it was difficult to survey all sentinel nodes
with the blue dye alone in the broad retroperitoneal lymph
node area from the level of renal vessels to the level of
bilateral inguinal ligaments, and to the bottom of the pelvic
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cavity through the bilateral internal iliac vessels. We noticed
that the blue dye sometimes passed through the SLN within
15 min and became invisible during our search of the broad
retroperitoneal space. Since the method using blue dye alone
was limited to use as the intraoperative procedure, we chose
a combination of preoperative lymphatic mapping with
infraoperative probe detection. However, for future laparo-
scopic lymphadenectomies, the combination of **™Tc and
blue dye would make it easier to detect sentinel nodes
because it was visible intraoperatively.

Secondly, we injected radioisotope dissolved with the
blue dye for hysteroscopic guidance, which -allowed us to
confirm the precise points of injection into the endometri-
um. The drainage of radioisotope injected into the endome-
trium mimics the natural lymphatic drainage of cancer cells
arising in the endometrium. With this technique, we iden-
tified sentinel nodes both in the pelvic and paraaortic areas,
as observed by Burke ct al. [7]. Eighteen of the 23 patients
with SLN had hot spots in the paraaortic region. Also, only

- the paraaortic lymph nodes were detected as SLN in three
patients. It*thus appears that the paraaortic basin is a very
important primary site for lymphatic drainage and that both
paraaortic lymphadenectomy and pelvic lymphadenectomy
are important in management of women with endometrial
cancer.

Thirdly, we think the intraoperative survey with a gamma
probe is more sensitive for the detection of SLNs than
preoperative lymphoscintigraphy. Four patients who were
found intraoperatively to have a sentinel node were not
detected on preoperative lymphoscintigraphy.

Moreover, it ‘would clearly be very useful to locate the
SLNs preoperatively by scintigraphy. If considering omis-
sion of systematic lymph node resection for endometrial
carcinoma, the information obtained preoperatively for the
area surrounding the lymph node biopsy would be very
useful for preparing the approach to the lymph nodes. For
example, this information would be of great use in preparing
for procedures such as skin incision, choosing laparotomy
or laparoscopy, making decisions on operation time and
surgical position, preparing instruments, etc.

The location and incidence of SLNs identified in this
report appear very similar to those found for lymph node
metastasis of endometrial cancer in another report. Among
patients with lymph node metastases, approximately 50%
had lymph node metastasis in the pelvic area, 30% in both the
pelvic and paraaoitic areas, and 20% in the paraaortic area
alone [2]. In the pelvic nodes, the obturator basin and the
external iliac basin were common sites of SLN. This was
consistent with a previous study of the incidence and location
of lymph node metastases in endometrial cancer, as deter-
mined by performing systematic lymphadenectomy [10].

We suspect that the location of carcinoma in the uterine
cavity is also related to that of sentinel nodes. By injecting
five sites in the uterine cavity, we may detect more sentinel
nodes than true sentine! nodes. However, we believe that the
sentinel nodes we do detect include all true sentinel nodes.

Lymphatic mapping will make it possible to biopsy more
precisely and more easily in the broad regional lymph node
area even in such cases.

SLNs were not identified in five patients, and this detec-
tion failure seemed to be related to the depth of myometrial -
invasion. In six patients with deep myometrial invasion (>1/
2), two had a radioactive node, and one patient had multiple
lymph node metastases, and nodes were swollen and palpa-
bie intraoperatively. In the cases of deep invasion, the
lymphatic flow may be disturbed, or the involved lymph
nodes may no longer filter lymph, as described previously
[11]. Alternatively, for patients who fail SLN detection,
lymphatic mapping may not be necessary.

Using our method, most of the SLNs were identified by
the first lymphoscintigram immediatcly after injection.
However, for four patients, sentinel lymph nodes were
detected for the first time 19 h after *™Ic¢ injection, at the
time of the second scintigram. Since lymphatic drainage
from the endometrium seems complex and variable among
the patients; not only one scintigram but also a second
scintigram should be taken and evaluated to identify SLNs
according to our method.

Our data suggest that the combination of preoperative
lymphoscintigraphy with intraoperative probe detection may
be useful in identifying sentinel nodes in early endometrial
cancer. We hope that the value of the sentinel node concept
will be proven in endomefrial cancer by additional larger
studies applying this technique. Moreover, this technique
may also be applicable to laparoscopic surgery. We currently
require a long skin incision for this surgery, but if we survey
sentinel nodes with a laparescopic gamma probe, we may be
able to reduce the length of the skin incision, even if sentinel
nodes are detected in both the parazortic and pelvic areas. In
order to take adequate and quick samplings of SLNs from
such a broad area under the laparoscopic procedure, it is
critically important to predict where SLNs are before
surgery is begun. We believe that our **™Tc¢ method makes
this possible.

It is further hoped that this method of SLN detection will
improve the management of the large majority of women
with ‘early’ endometrial cancers by sparing them unneces-
sary and potentially harmful total lymphadenectomies.
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