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Background & Aims: Sentinel node navigation surgery
(SNNS) is performed for patients with early gastric cancer.
Because sentinel nodes (SNs) to gastric cancer exist but they
have not been well-described, we attempted to validate the
SN concept at the micrometastasis level. Methods: For 53
patients who underwent curative gastrectomy for T1/T2
(<4 cm) NO gastric cancer, SNNS was performed with ra-
dioactive tin colloid and/or indocyanine green, and subse-
quent modified D1 lymphadenectomies were added. Whole
formalin-fixed paraffin-embedded tissues of all resected
lymph nodes from these patients were cut into 5-pm thick
serial step sections at 85-pum intervals, and occult metasta-
ses were examined immunohistochemically. Results: Me-
tastases were detected in 3 (1.5%) of 204 SNs and 3 (0.33%)
of 901 non-SNs in pNO cases and in 18 (46%) of 39 SNs and
3 (1.9%) of 158 non-SNs in pN1 cases. On a patient basis,
metastases were detected in 4 (9%) of 46 pNO patients, 2
(4%) each in SNs and non-SNs, and in 7 pN1 parients, of
whom 7 and 4 had SN and non-SN metastases, respectively.
The sensitivity, false-negative rate, and accuracy of SN iden-
tification by SNNS were 82%, 18%, and 96%, respectively, at
the occult metastasis level. However, on the basis of the
concept of the sentinel lymphatic station (SLS), which rep-
resents all lymphatic stations to which SNs belong, metas-
tases were always limited to the lymph nodes in SLS in the
11 cases with metastases. Non-SN metastases occurred in 3
(60%) of 5 patients with SN metastases >2.0 mm in diam-
eter but not in 4 patients with SN metastases <2.0 mm in
diameter. Conclusions: The sentinel node concept held
true at the occult metastasis level in 96% of patients with
gastric cancer, and the accuracy of SNNS was elevated to
100% by introducing the concept of the sentinel lymphatic
station. The size of SN metastasis was a predictive factor for
metastasis beyond the sentinel node.

dvances in diagnostic technology have made it possible to

detect gastric cancer at an early stage. Currently, stage [
gastric cancer accounts for approximately 61% of all surgically
resected cases in Japan.! Gastrectomy with lymph node dissec-
tion, usually D2 lymphadenectomy, is accepted in Japan as the
standard surgical procedure for gastric cancer and contributes
to improvement in patient outcome. Because lymph node me-
tastasis occurs in only 10%-16% of patients with early gastric
cancer, reduction or omission of regional lymph node dissec-
tion would be reasonable if it were possible to predict the extent
of lymph node metastasis in each patienc.? *

The sentinel node navigation surgery (SNNS) is now widely
applied as reduction surgery for various types of cancer, such as
cancers of the breast, colorectal region, prostate, lung, female
genital tract, and stomach.-1? A sentinel node (SN) is defined as
the lymph node that is first to receive the flow of lympharic
fluid from the area containing the primary tumor in an organ.
According to the SN hypothesis, lymph node dissection can be
omitted when no metastases are detected in SNs. In breast
cancers and skin melanomas, the SN hypothesis has been
shown to be mostly applicable clinically, and the procedure of
SNNS with radioisotope-guided and/or dyeing methods is now
established. The accuracy of SN detection by these methods is
reported to be 83%-100% in SNNS for breast cancer.5!'2! Some
authors have also reported successful SNNS for gastric cancer,
but it is still unclear whecher the concept of the SN is valid, or
whether the SN hypothesis holds true in surgery for gastric
cancer.?4"%5 To answer these questions, we performed a study to
examine occult metastasis in serial step sections of whole for-
malin-fixed paraffin-embedded tissue blocks of all dissected
SNs and non-SNs and compared the status of “true” metastasis
berween the SN and non-SN in 53 patents with early, T1/T2
(<4 cm) NO, gastric cancer.

Patients and Methods

Sentinel Lymph Node Navigation Surgery and

Lymph Node Dissection

This study was reviewed and approved by the internal
review board of the National Defense Medical College, Japan,
and informed consent was obtained from all patients. The
patients were diagnosed as having gastric carcinoma by endo-
scopic examination with histopathologic confirmation. By pre-
operative examinations, eg, barium radiography, endoscopy,
ultrasonography, and computed tomography, we confirmed
thart the largest diameter of the tumor was less than 4 cm, and
that lymph node metastasis or distant metastasis was not de-
tectable. A total of 53 patients who underwent curative gastrec-
tomy for primary gastric cancer received SNNS ac the Depart-
ment of Surgery I, National Defense Medical College Hospital,
berween October 2000 -October 2003. The identification of SNs
was carried out with radioactive tin colloid (Nihon Mediphys-
ics, Tokyo, Japan) and/or indocyanine green (Daiichi Pharma-

Abbreviations used in this paper: SLS, sentinel lymphatic station;
SN, sentinel node; SNNS, sentinel node navigation surgery.
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ceutical, Tokyo, Japan). Endoscopically, 2.0 mL of technetium-
99m tin colloid (74 MBg/mL) was injected into the submucosal
layer of the stomach ac 4 sites around the tumor 21 hours
before surgery. Just after laparotomy, 4 mL of 1.25% indocya-
nine green was delivered endoscopically into the same areas as
the radiocolloid injection. A hand-held gamma-detector probe
(Navigation; Tyco Healthcare Japan, Tokyo, Japan) was used to
identify hot nodes and guide the surgery intraoperatively. An
SN was defined as any hot node whose ex vivo radioactivity
count was at least 10 times higher than the background count
and/or any node for which green dye uptake could be identified
visually.?® All hot nodes and/or green nodes were subjected to
intraoperative pathologic examinartion.

As shown in a previous publicarion, the double staining
mecthod with dye and radioisotope is the most reliable.* We
performed the double staining method in principle. However,
the method with dye alone or with technetium alone was
performed when the radioactive reagent or an intraoperative
endoscopist was not available.

For cthe patients in whom no metastasis to SNs was evident
by frozen section examination, modified D1 lymphadenectomy
was performed after SNNS. If an SN was found to include
merastasis by frozen section examination, D2 lymphadenec-
tomy was added. Because this is a retrospective study, we fol-
lowed up the pacients even if occult mertastases were newly
detected in permanent sections of SNs or non-SNs in the
present study. For all SNs, intraoperative histopathologic diag-
nosis was performed routinely. Each SN was mounted in OCT
compound (Sakura Finetek USA, Torrance, CA) and frozen
immediately without being cut; 1 section was subjected o
histologic diagnosis. After intraoperative diagnosis, the residual
lymph node tissues were fixed in formalin and processed for
rourine permanent histologic diagnosis. After gastrectomy, all
lymph nodes dissected were also fixed with formalin, embedded
with paraffin, and processed for permanent histologic diagno-
sis. For each dissected lymph node, 1 section was prepared from
a representative cut surface. By permanent histologic diagnosis,
lymph node merastasis was absent (pNO) in 46 patients but was
detected in 1-6 lymph nodes (pN1) in 7 patients. The locations
of all SNs and non-SNs were classified to any of the lymphatic
stations defined in the Japanese Classification of Gastric Carci-
noma, 2nd English edition, by the Japanese Gastric Cancer
Association (Figure 1).

The numbers of patients who underwent the combinartion
method with dye and radioisotope together, dye method only,
and radioisotope method only were 35, 2, and 16, respectively.
Total gastrectomy, proximal gastrectomy, distal gastrectomy,
and pylorus-preserving gastrectomy were performed on 4, 6, 29,
and 14 patiencs, respectively. Patient characteristics are shown
in Table 1. A rotal of 1302 lymph nodes, 24 per patient on
average, were obtained. There were 243 SNs and 1059 non-SNs
or 4.6 and 20.0 per patient on average, respectively.

Serial Step Sections

All ussue blocks of dissected lymph nodes were serially
enumerated for identification and classified into those =2.0
mm and those <2.0 mm in diameter. Nine tissue microarray
blocks were constructed by using 360 lymph nodes that were
less than 2.0 mm in diameter. In addition, 942 lymph nodes
with a diameter of 2 mm or larger were rearranged in 40 rissue
blocks and re-embedded in paraffin. From all these tissue
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Figure 1. Concepts of the SN and SLS in the stomach. Numbers
stand for lymphatic stations, which are defined in the Japanese Classi-
fication of Gastric Carcinoma, 2nd English edition. Each number corre-
sponds to 1 lymphatic station. Perigastric lymphatic stations are clas-
sified as nos. 1-6. If 2 SNs are identified in lymphatic station no. 4d
(blue), and no. 4d contains not only these SNs but also another non-SN
(red), these 3 nodes are regarded as belonging to the SLS. No. 71, right
paracardiac lymph nodes (LNs); No. 2, left paracardiac LNs; No. 3, LNs
along the lesser curvature; No. 4sa, LINs along the short gastric vessels;
No. 4sb, LNs along the left gastroepiploic vessels; No. 4d, LNs along
the right gastroepiploic vessels; No. 5, suprapyloric LNs; No. 6, infra-
pyloric LNs; No. 7, LNs along the left gastric artery; No. 8a, LNs along
the common hepatic artery.

blocks, triplec 5-pm thick serial sections were obtained every 85
pm uncil all the tissue in the block had been used. These
sections were mounted on silane-coated glass slides (Muto Pure
Chemicals, Tokyo, Japan). The total number of sections ob-
tained was the triplets of 980 (mean, 19.6 slides per block). One
of the triplet sections was stained with hemaroxylin-eosin and
subjected to histopathologic examination and the second to
immunohistochemical study. The third sections were stocked
as spare secrions.

Immunohistochemistry. These sections were depar-
affinized in xylene, rehydrated with ethanol, and reacted with
5% hydrogen peroxide for 10 minutes. Antigen recrieval of the
sections was performed by exposure to microwave radiation in
10 mmol/L citrate buffer (pH 6.0) at 95°C for 5 minutes 3
times. The slides were then incubated with 10% normal goar
serum (Nichirei, Tokyo, Japan) for 30 minutes, followed by
anti-human cytokeratin anubodies (clone: AE1+AE3, dilution:
1/200; Dako, Glostrup, Denmark) at room temperature for 2
hours. The slides were then reacted with EnVision polymer
reagent (Dako) at room temperature for 30 minutes. The slides
were washed in phosphate-buffered saline with 0.1% Tween 20
(Sigma-Aldrich, Steinheim, Germany) 3 times and subsequencly
reacted with 3, 3’-diaminobenzidine tetrahydrochloride and
hydrogen peroxide as a chromogen. Two observers (D.M., H.T.)
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Tablel. Clinicopathologic Characteristics of Study

Population
Measure Number

Patients 53
Dissected lymph nodes 1302

(Average = SD)/patient 24553
SNs 243

(Average = SD)/patient 4617
SLSs 88

(Average = SD)/patient 1. 7207
Age ( 61.6 = 8.4
Sex ratio (male:female) 38:15
Depth of tumor invasion

pT1 (mucosa) 23

pT1 (submucosa) 26

pT2 (muscularis propria) 3

pT2 (subserosa) !
Type of surgery

Total gastrectomy B

Proximal gastrectomy 6

Distal gastrectomy 29

Pylorus-preserving gastrectomy 14
Method for detection of SNs

Dyeing only 16

Radioactive only 2

Dyeing and radioactive 35

SD, standard deviation.

independently judged the presence of tumor cells in hema-
toxylin-eosin-stained sections and immunohistochemiscry
sections. If 1 or more cancer cells were revealed by hematoxylin-
eosin or if 1 or more cells were positive by immunohistochem-
istry, we judged the lymph node to be positive for occult
metastasis. If there was a discrepancy in judgment between 2
observers, consensus was acquired by using a discussion
microscope.

We also applied the new TNM classification, 6th edition?’
for the lymph node status of the 53 parients. Routinely defined
pNO and pN1 were reclassified into pNO, pNO i+, pN1mi, and
pN1 (>2 mm). The pN1 was classified into 2 subgroups ac-
cording to the TNM classification of breast cancer: pN1 (>2
mm) and pN1mi were defined as statuses with metastatic foci
>2 mm in diameter and with those >0.2 mm but =2 mm in
diameter, respectively.” Tumor cell nests or single cells <0.2
mm in diameter were defined as isolated tumor cells or pNO i+,
By the present method, pN1 (>2 mm), pN1mi, and nests of
pNO i+ 90 mm or larger were always detectable. If a single
tumor cell was speculated to approximately 10 mm in diameter,
ac least 9 or more tumor cells were estimated to be always
identified in the lymph node by the present method.

Concept of the Sentinel Lymphatic Station

We validated che sentinel lymph node concept in gastric
cancer from the viewpoint of both individual SNs and the
sentinel lympharic station (SLS). A lymphatic station denotes a
group of lymph nodes that are localized in an identical area
that is numbered in the Japanese Classification of Gastric Car-
cinoma, 2nd English edition (Figure 1). The SLS is defined here
as the area of 1 or more lymphatic stations at which lymphatic
flow arrives first from the primary lesion of gastric cancer.
When SNs were identified, all lymphatic stations that contained
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the SNs were regarded as SLSs. In the present study, a roral of
88 SLSs were detected (mean, 1.7 per patient).

Statistical Analysis

A “true metastasis” was defined as a metastasis that was
detected by routine examination or occult merastasis derected
by the presenc serial step section method. We compared the rate
of metastases detected by routine examination with that of true
metastases at the patient level and at che lymph node level. We
also calculated sensitivity, specificity, positive and negative pre-
dictive values, and overall accuracy of SNNS with regard to true
metastasis at the SN level and at che SLS level.

Mean values between groups were compared by ¢ test. Fisher
exact test or the Mann-Whitney U test was used to examine
differences berween groups. Differences at P < .05 were con-
sidered ro be statistically significant. All data were analyzed with
the Statistical Package for JMP version 5.1.1] software package
(SAS Institute, Cary, NC).

Results

Detection of Occult Metastasis by Serial
Section Examinations

The results of both hematoxylin-¢osin and immunohis-
tochemistry were always concordant, and the level of interob-
server agreement for these results was 100%. Occult metastases
were detected by serial section examination in 4 of 46 patients
with pNO (Table 2), 2 in SNs only, and 2 in non-SNs only. In
these 4 pNO patients, occult metastases were detected in 6
lymph nodes comprising 3 SNs and 3 non-SNs. In 7 patients
with pN1, merastases were detected in 21 lymph nodes; 18 were
detected by routine examination and 3 occult. The average size
of nodes with mertastases was 5.3 * 3.8 mm (standard devia-
tion) and 5.0 = 3.3 mm in these 4 pNO cases and 7 pN1 cases,
respectively. However, the average sizes of the metastases in
these 2 groups were 0.45 * 0.33 mm and 3.3 * 32 mm,
respectively, and the difference was significant (P = .0005).

Table 2. Correlation Between Routine Diagnosis and Serial
Step Section Diagnosis of SN and non-SN

Metastasis
No. of patients with lymph node
metastases
Serial step section
diagnosis? (occuit Routine
Total metastasis)? diagnosis?®
pNO (n = 46)
SN 46 2 (4.4%) (2) 0
Non-SN 46 2(4.4%) (2) 0
pN1(n=T)
SN 7 7(100%) (1) 7
Non-SN 7 3(43%) (2) 1
Total 53 11 7

aTwo pNO cases with metastasis in SN deleted by serial step section
diagnosis and 2 pNO cases with metastasis in non-SN detected by
serial step section diagnosis were always occult metastases and
were exclusive together. Three pN1 cases with non-SN metastasis, 2
of which were detected by serial step section diagnosis and 1 of which
was diagnosed routinely, also had SN metastasis.
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Table 3. Demographics of Metastatic Lymph Nodes

SENTINEL NODE NAVIGATION SURGERY FOR GASTRIC CANCER 1049

No. of SNs Detection in routine Size of a lymph Size of
Case no. detected SLS pathologic diagnosis  Lymph node status  Location node (mm) metastasis (mm)
pNO
1 3 No. 4d - SN No. 4d 12 0.2
2 5 No. 3, 4d, 5 - Non-SN No. 4d 5 0.8
3 7 No. 6 - SN No. 6 2 0.9
] SN No. 6 2 0.1
4 2 No.1,3 - Non-SN No. 3 T 0.2
- Non-SN No. 3 4 0.5
pN1
5 T No. 3, 4d, 6, 8a + SN No. 3 15 0.7
6 5 No. 4d * SN No. 4d 6 0.1
+ SN No. 4d 5 3
- SN No. 4d 4 2
T 9 No. 3, 4d + SN No. 3 12 12
+ SN No. 3 10 10
+ SN No. 3 5 5
+ SN No. 3 2.5 2.5
+ SN No. 3 2 2
+ SN No. 3 1.5 15
- SN No.3 1.5 15
+ Non-SN No. 4d 3 3
8 3 No. 6 + SN No. 6 4 4
+ SN No. 6 2 0.5
9 2 No. 3, 8a + SN No. 3 8 0.05
10 3 No. 3, 4sb + SN No. 3 25 25
- Non-SN No. 3 10 0.9
11 10 No. 3, 4d + SN No. 4d 8 8
+ SN No. 4d 4 4
+ SN No. 4d 3 2
- Non-SN No. 3 10 5

Ac the lymph node level, true metastases were detected in 21
(8.6%) of 243 SNs and 6 (0.57%) of 1059 non-SNs. The rate to
metastasis to SNs was approximately 15 times as high as thac to
non-SNs. The rate of true metastasis to SN was high (46%, 18
of 39 SNs) in pN1 patients, but it was only 1.5% (3 of 204 SNs)
in pNO patients. The rate of true metastasis to non-SNs was
also low, 1.9% (3 of 158 non-SNs) and 0.33% (3 of 901 non-
SNs), in pN1 and pNO patients, respectively.

Accuracy of Routine Pathologic Diagnosis

True metastases to SNs were detected in 9 patients, by
routine pathologic diagnosis in 7 and occult metastases in 2.
With regard to SN, the false-negative rate, sensitivity, specific-
ity, and overall accuracy of routine pachologic diagnosis against
the status of true metascasis were 22% (2 of 9), 78% (7 of 9),
100% (44 of 44), and 96% (51 of 53). Likewise, true mecastases
to non-SNs were detected in 5 patients, 3 (43%) of 7 pNI
patients, and 2 (4%) of 46 pNO patients. Only 1 of these 5
non-SN metastases was detected by routine diagnosis. With
regard to all lymph nodes dissected, true metastases to SNs or
to non-SNs were detected in 11 patients, by routine pathologic
diagnosis in 7, and occult metastases in 4. The false-negative
rate, sensitivity, specificicy, and overall accuracy of routine
pathologic diagnosis against the status of true metastasis were
36% (4 of 11), 64% (7 of 11), 100% (42 of 42), and 92% (49 of §3)
of lymph nodes as a whole.

Validation of the Sentinel Node Concept on a

Serial Step Section Basis

“Skip metastases,” defined as metastases to non-SNs
without presence of metastasis in any SNs, were detected in 2
(4%) of 53 patients, Therefore, the false-negative rate, sensitivity,
specificity, and overall accuracy of SNNS at the occult meras-
tasis level were 18% (2 of 11), 82% (9 of 11), 100% (42 of 42), and
96% (51 of 53). Thus, the sentinel node theory was applicable to
96% of the patients in this study.

Validation of the Sentinel Lymph Node

Conceft From the Viewpoint of Sentinel

Lympbhatic Station

The distribution of SLS was investigated in 11 patients
with true merastases to SNs and/or non-SNs (Table 3). Two
(cases 1 and 3) of 4 pNO patients had occult metastases to SN,
including a metastasis to no. 4d in case 1 and 2 metastases to
no. 6 in case 3. The other 2 pNO patients (cases 2 and 4) had
occulr skip mertastases to non-SNs: In case 2, a metastasis
occurred in a no. 4d non-SN, and § SNs withour metastases
were located in no. 3 (2 nodes), no. 4d (2 nodes), or no. 5 (1
node). In case 4, merastases occurred in no. 3 non-SNs, and 2
SNs without metastases were located in no. 1 or no. 3. There-
fore, in both cases 2 and 4, occult skip merastases always
belonged to SLSs. In 7 pN1 patients, 21 nodes had merastases,
18 of which were detected routinely in SNs, whereas the other
3 were occult metastases to SNs or non-SNs (Table 3). All
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Table 4. Patient and Tumor Characteristics According to SN and/or non-SN Status

SN/non-SN status

No. of cases  With Metastasis(%)  [With occult Metastasis]  Without Metastasis P value
Age (1)
<60 23 5(22) (2] 18 .9623
=60 30 6(20) (2] 24
Histologic type
Well-differentiated tubular 16 0(0) [0] 16 00772
Moderately differentiated tubular 17 7(41) [3] 10
Poorly differentiated adenocarcinoma 18 3(17) [1] 15
Undifferentiated carcinoma 2 1(50) [0] 1
Depth of invasion
T1 (mucosa) 23 1(4) (0] 22 .0253¢
T2 (submucosa) 26 8(31) [4] 18
T2 (muscularis propria or subserosa) 4 2(50) [0] 2
Location of tumor
Upper 8 1(13) (1) T 7561
Middle 25 5(20) (1) 20
Lower 20 5(25) [2] 15
Lymphatic vessel invasion
Negative 32 1:(3) [0] 31 <.0001
Positive 21 10(48) [4] 11
Blood vessel invasion
Negative 45 7(16) [3] 38 0942
Positive 8 4 (50) [1] 4
Method for SN identification
Dyeing only 16 4 (25) (2] 12 AT40
Radioactive only 2 1(50) (1] 1
Dyeing and radioactive 35 6(17) [1] 29
Type of surgery
Total gastrectomy 4 0(0) (0] 4 .0440
Proximal gastrectomy 6 1(17) [1] 5
Distal gastrectomy 29 10 (35) (3] 19
Pylorus-preserving gastrectomy 14 0 (0) 0] 14

awelldifferentiated tubular adenocarcinoma vs moderately differentiated tubular adenocarcinoma, poorly differentiated adenocarcinoma, and

undifferentiated carcinoma.

oT1 (mucosa) vs T1 (submucosa) and T2 (muscularis propria or subserosa).

metastases were included in SNs in 4 pN1 patients (cases §, 6,
8, and 9), whereas metastases were detected in both SNs and
non-SNs in the other 3 (cases 7, 10, and 11). In case 10, both a
routinely detected SN metastasis and an occult non-SN meras-
tasis were located in no. 3. In case 7, all 9 SNs were located in
either no. 3 or 4d, and 7 routinely detected SN or non-SN
metastases and another occult SN metastasis were also located
in no. 3 or no. 4d. In case 11, all 10 SNs were located in either
no. 3 or no. 4d, and 3 routinely detected SN metastases and 1
occult non-SN mertastasis were also located in no. 4d, or in no.
3. Therefore, in 7 pT1 cases, metastatic lymph nodes were
always included in SLSs, irrespective of whether the metastatic
nodes were SN or non-SN, and non-SLSs examined did not
have metascasis. Thus, false-negartive rarte, sensitivity, specificicy,
and accuracy of SNNS based on the SLS concept were 0%, 100%,
100%, and 100%, respectively.

According to the TNM classification 6th edition, 1 and 3 of
4 pNO pariencs were classified as pNO i+ and pN1lmi, and 1, 1,
and 5 of 7 pN1 patients were classified as pNO i+, pN1mi, and
pN1 (>2 mm), respectively. We investigated the risk factors of
non-SN metastasis among 9 patients with SN metastases. Six
patients without non-SN metastases had SN mertastases 1.48
mm in diameter on average. In contrast, 3 patients with non-SN

metastases had SN metastases 7.5 mm in diameter on average
(P = .0695). Three (60%) of S patients with pN1 (>2 mm) to
SNs also had metastases in non-SNs, whereas none of 4 patients
with pN1mi or pNO i+ to SNs had metastasis to non-SNs.
Berween the group of pN1 (> 2 mm) and the group of pN1mi
or pNO i+, the F value was 0.010, and the mean diamerer of SN
metastases differed significantly by ¢ test (P = .033).

Clinicopathologic Correlation

In the 11 patients with true lymph node metastases,
tumor invasion was deeper and the ratio of lymphatic vessel
invasion was higher than in patients without merastases (Table
4). In the 4 pNO patients with occult metastases, tumor inva-
sion was limited to the mucosa or submucosal layer. In 7 pN1
patients, tumor invasion was limited to the mucosa or submu-
cosal layer in S burt reached the muscularis propria or deeper
in 2.

In all of these 11 pNO patients, the primary tumors were
moderately or poorly differentiated adenocarcinoma, and no
case was well-differenciated adenocarcinoma. There were no
significant correlations of true lymph node metastasis with
patient age, tcumor size, tumor location, blood vessel invasion,
or SN detection mechod. At present, none of the 53 patients has
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shown relapse or metachronous metastasis (mean follow-up
period, 36 * 13 months).

Discussion

Intraoperative use of dye for lymph node mapping was
described >50 years ago.?#? In the present study with currently
used radioactive labeling and/or dyeing methods, it was possi-
ble to identify lymph nodes in which initial metastasis had
developed in 96% (51 of 53) of the patients examined. The
sensitivity and accuracy of SNNS for gastric cancer at the
routine diagnostic level are reported to be 92% and 98% with
radioactive labeling and 83%-89% and 96%-98% with dyeing,
respectively.??%* At the occult metastasis level, the sensitivity
and accuracy were also 82% and 96%, respectively, and in addi-
tion, the rate of metastasis to SNs was approximately 15 times
higher than that to non-SNs. From these results, we were able
to show that SNs did exist in most of the parients, thus
providing histopathologic proof of the validity of SNNS for
gastric cancer. Even wich the present serial sectioning method,
there were 2 patients with skip merastases, indicating thart
inicial metastasis to lymph nodes cannot always be detected
perfectly by che current SNNS procedure. To overcome this
situation, we suggest thar the SLS concepr be applied to gastric
cancer surgery. In the 11 patients with any type of lymph node
metastasis, all the affected lymph nodes belonged to the SLS.
Therefore, metastatic cancer cells from the primary sice always
reached lymph nodes in the SLS firsc. We believe that che SN
theory based on the SLS concept is applicable to patients with
gastric cancer. In 9 patients with SN metastasis, we investigated
factors correlated with non-SN merastases. Non-SN metastasis
was detected in 60% of the patients wich pN1 (>2 mm), buc it
was not detected in the patients with pN1mi or pNO i+. These
results suggested cthat the size of SN metastasis based on the
new TNM classification was useful for predicting non-SN me-
tastasis. Therefore, it seems useful to prepare sections every 2
mm from SNs or lymph nodes in SLSs for intraoperative
pathologic diagnosis when the diameter of these lymph nodes
is >2 mm.

The presenc results validate the rationale of SNNS for early
gastric cancer on the basis of the SLS concept. If there are no
metastases in lymph nodes in SLSs, no further dissection would
be necessary. Furthermore, the possibility of metastasis beyond
the SLSs would appear low if there are no lymph nodes with
metastases >2.0 mm in diameter in SLSs. It would be worth
studying the validity of omitting furcher dissection of non-SLSs
in this sicuacion.

To decect all clinically significant metastases in SLSs intra-
operatively, it would be necessary to extend pathologic exami-
nation to all lymph nodes belonging to SLSs. This would
naturally increase the work burden for histopathology staff.
Thus, whether it is possible to diagnose all lymph nodes in SLSs
by using a sectioning interval of 2 mm in routine pathologic
practice is problematic. To minimize the burden of intraoper-
ative pathologic diagnosis, the application of novel techniques
for detecting lymph node metastasis would be helpful. Reverse
transcription polymerase chain reaction and other molecular
diagnostic modalities have been developed and are emerging as
quantitative and highly sensitive methods for rapid detection of
metastasis.’®*! The application of these molecular diagnostic
tools will facilitate the spread of SNNS as a standard procedure
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for gastric cancer worldwide as well as improving the accuracy
of intraoperative diagnosis.

In che present study, all 11 patients with 1 or more lymph
node metastases underwent curacive resection, and none of
them has shown relapse yet. Skip metastasis foci to the 3
non-SNs in these 2 patients were 0.2, 0.5, and 0.8 mm in
diameter and were not pNO i+ but pN1mu. It is unclear whecher
these occult metastases would have caused cancer recurrence if
they had not been dissected. Lee et al*? reported that 5-year
overall survival rates differed significantly berween patient
groups with gastric cancer with and without micromerastasis to
regional lymph nodes (49% and 76%, respectively). Their results
suggest that surgical resection of micrometastases is mandatory
to improve cure rate of patients with early gastric cancer.

SNNS is usually performed for the patients with T1 or T2
gastric cancer without clinically detectable lymph node metas-
tasis. It is shown and is the consensus thar adjuvant chemo-
therapy is not necessary for the patients wich pT1 or pT2 pNO
gastric cancer.! The ucility of adjuvant chemotherapy to pa-
tients undergoing gastrectomy with D1 or D2 lymphadenec-
tomy to gastric cancer has been shown by randomized clinical
trials, but pT1 or pT2 pNO cases were excluded from these
studies.! Therefore, at present, there is no evidence for adjuvant
chemotherapy to most of gastric cancers’ SNNS procedures.

In conclusion, the accuracy of the current SNNS procedure
for detecting SNs in patients with early gastric cancer was 96%
at the occult metastasis level. By application of the SLS concepr,
the accuracy of SN detection would be improved further. The
size of SN metastasis was a predictive factor of non-SN metas-
tasis. SNNS is a valid and practically useful method for reduc-
tion surgery in patients with early gastric cancer.
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Summary

How to Improve the Accuracy of Intraoperative
Diagnosis of Lymph Node Metastasis

Shigeto Ueda® and Hitoshi Tsuda*®

In Japan, sentinel node navigation surgery for breast
cancer, the presence or absence of metastasis into the
sentinel lymph nodes (SLN), is diagnosed by intraoper-
ative histopathological diagnosis. Intraoperative his-
topathological diagnosis gives rise to false negative
results in approximately 10% to 40% of truly metas-
tasis-positive cases. It is reported that micrometastasis
(>0.2mm and =2.0mm in diameter) is frequently
detected in SLNs. Micrometastasis is relatively frequent
and accompanied by metastases to non-SLNs. In order
to decrease false-negative results in intraoperative his-
topathological diagnosis, slice sectioning into 2 mm
segments is recommended. The significance of isolated
tumor cells (0.2 mm in diameter) in SLNs is undeter-
mined. Recently, molecular biological methods to
detect metastases to SLN at the mRNA level intraoper-
atively have been developed and their clinical applica-
tion is expected.

Key words : breast cancer, sentinel lymph nodes
*Department of Surgery, **Department of Pathology,

National Defense Medical College, 3-2 Namiki, To-
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An individual patient data meta-analysis of adjuvant therapy with
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Colorectal cancer accounts for 10-15% of all cancers and is the
second leading cause of cancer deaths in developed countries
(Pisani et al, 1993). In Japan alone, nearly 56 000 new cases are
diagnosed and this disease causes 36000 deaths every year
(Statistics and information department, Ministry of Health and
Welfare, 1996). Surgical treatment is the primary management of
colorectal cancers, with 75-80% of the patients being operable at
the time of diagnosis (Boring et al, 1991; Vernaba et al, 1994).
However, even if a curative resection is performed, those patients
with regional lymph node involvement (Dukes’ C, Stage III) have a
40-50% 5-year survival rate.

Recently, in the field of Stage III colon cancer treatment,
adjuvant chemotherapy by S5-fluorouracil (5-FU)/levamisole was
proved to be superior to surgery-alone therapy, and then various
5-FU/leucovorin (LV) regimens were confirmed to be effective
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Uracil - Tegafur (UFT), an oral fluorinated pyrimidine chemotherapeutic agent, has been used for adjuvant chemaotherapy in curatively
resected colorectal cancer patients. Past trials and meta-analyses indicate that it is somewhat effective in extending survival of patients
with rectal cancer. The objective of this study was to perform a reappraisal of randomised clinical trials conducted in this field. We
designed an individual patient-based meta-analysis of relevant clinical trials to examine the benefit of UFT for curatively resected rectal
cancer in terms of overall survival (OS), disease-free survival (DFS), and local relapse-free survival (LRFS). We analysed individual
patient data of five adjuvant therapy randomised clinical trials for rectal cancer, which met the predetermined inclusion criteria. These
five trals had a combined total of 2091 patients, UFT as adjuvant chemotherapy compared to surgery-alone, 5-year follow-up,
intention-to-treat-based analytic strategy, and similar endpoints (OS and DFS). In a pooled analysis, UFT had significant advantage
over surgery-alone in terms of both OS (hazard ratio, 0.82; 95% confidence interval (Cl), 0.70-0.57; P = 0.02) and DFS (hazard ratio,
0.73; 95%Cl, 0.63-0.84; P<0.0001). This individual patient-based meta-analysis demonstrated that oral UFT significantly improves
both OS and DFS in patients with curatively resected rectal cancer.

British Journal of Cancer (2007) 96, 1170-1177. doi:10.1038/5jbjc.6603686 www.bjcancer.com

Keywords: rectal cancer; UFT; adjuvant chemotherapy: randomised clinical trals; individual patient data meta-analysis

from the results of numerous large-scale randomised trials and
from the pooled analysis of clinical trials (Wolmark et al, 1993;
International Multicentre Pooled Analysis of Colon Cancer Trials
(IMPACT) investigators, 1995; O’Connell et al, 1997). In 2004,
results from the Multicenter International Study of Oxaliplatin/5-
FU/Leucovorin in the Adjuvant Treatment of Colon Cancer
(MOSAIC) trial demonstrated that combination chemotherapy
with 5-FU/LV (de Gramont regimen) plus oxaliplatin was
significantly superior to 5-FU/LV alone (André et al, 2004). With
regard to adjuvant chemotherapy for colon cancer, therefore, solid
evidence has been accumulated from relevant clinical trials, and
steady evolution of the new treatment modalities has been
achieved.

However, the situation is still uncertain focusing on adjuvant
therapy for rectal cancer. Despite apparently curative surgery,
rectal cancer recurs in more than 55% of the patients, including
local recurrence rates of 25% (Vernaba et al, 1994). Despite the
recommendation of the consensus conference by the National
Institute of Health (NIH consensus conference, 1990) that
concluded that adjuvant radiotherapy and chemotherapy should
be given to all patients with locally advanced rectal cancer, recent
findings by a large-scale randomised trial and meta-analysis have
failed to prove significant benefit of radiotherapy for survival
(Fisher et al, 1988; Vernaba et al, 1994). In this regard, the quest
for an effective adjuvant treatment with a robust advantage on the



outcome of resected rectal cancer remain an important task for
gastrointestinal oncologists.

In Japan, mesorectal excision is standard surgical procedure.
Radiotherapy is not routinely performed as adjuvant therapy.

In Japan, adjuvant therapy after resection of colorectal cancer
was developed primarily using oral fluorinated pyrimidines (O-
FPs). A meta-analysis of three old trials (Sakamoto et al, 1999) and
a more sophisticated analysis of four recent pivotal randomised
trials (Sakamoto et al, 2004) demonstrated a statistically significant
benefit of O-FPs on the outcome of colorectal cancers over surgery
alone. However, the survival benefit shown in that meta-analysis
was more pronounced in colon cancers. The risk reduction in
terms of rectal cancer was only 8% and the result of those previous
meta-analyses that analysed various types of oral fluorinated
pyrimidine clinical trials was not sufficient to show a significant
effect on survival,

Uracil - tegafur (UFT) is one of the O-FPs. In colon cancer, the
majority of recurrences occurred in the liver, whereas in rectal
cancer many recurrences occurred in the lung and locally in
addition to the liver. Treatment effect may thus differ between
colon cancer and rectal cancer. As the previous meta-analysis, two
trials of UFT in patients with rectal cancer have been reported. The
present study focused on rectal cancer, which lacked a clear-cut
survival benefit in our previous meta-analysis. Unlike oral
fluoropyrimidines such as carmofur and capecitabine, the
formulation of UFT includes a dihydropyrimidine dehydrogenase
inhibitor (Diasio, 1999), designed to enhance the bioavailability of
FU. This combination of uracil and tegafur was shown, in an
animal tumour system, to increase the anti-tumour activity
compared with tegafur alone (Qoi et al, 2001). UFT also produced
an enhanced intratumoural concentration of fluorinated pyrimi-
dine, 5-10 times greater than that achieved with Tegafur alone
(Fukunaga et al, 1987). Preclinical studies established that the
optimal molar ratio of uracil to Tegafur is 4: 1, which resulted in
the highest 5-FU tumour: blood and tumour: normal tissue
partition coefficients (Kawaguchi et al, 1980). UFT has now been
clinically tested for lung cancer (Kato et al, 2004), breast cancer
(Noguchi et al, 2005), and for gastric cancer (Kinoshita et al, 2005)
in an adjuvant setting in Japan. Recently, UFT has also been tested
in Western countries, regarding its efficacy for both advanced and
curatively resected colon cancer (Carmichael et al, 2002; Douillard
et al, 2002; Lembersky et al, 2006).

Meta-analysis of UFT for rectal cancer
] Sakamoto et af

Here, we present an individual patient data meta-analysis of five
centrally randomised trials recently performed in Japan to
compare rectal cancer patients treated with UFT, with the
surgery-alone control group. This meta-analysis includes data
from more than 2000 patients and therefore provides a more
reliable assessment of the effect of UFT on the survival, disease-
free survival (DFS), and local relapse-free survival (LRFS) of the
patients with rectal cancer than is available from any of the
individual studies.

PATIENTS AND METHODS

Selection of trials

Trials that randomly assigned patients to either long-term (12
months) administration of UFT or surgery-alone treatment after
curative resection of rectal cancer were eligible for meta-analysis.
The randomisation technique used in these trials was the
centralised randomisation that precluded the possibility of prior
knowledge of the treatment to be allocated.

Five relevant trials identified as Japanese Foundation for Multi-
disciplinary Treatment of Cancer (JEFMC) 7-1 (Kodaira et al, 1998),
JFMC15-1, JFMC15-2 (Watanabe et al, 2004), Tokai Adjuvant
Chemotherapy Study Group for Colorectal Cancer (TAC-CR) (Kato
et al, 2002), and National Surgical Adjuvant Study of Colorectal
Cancer (NSAS-CC) (Akasu et al, 2006) were included in the meta-
analysis involving a total of 2091 patients. In trials JEMC7-1, JEMC15-
1, and JEMC 15-2, patients who were randomly assigned to the
experimental group received intravenous mitomycin C (6 mgm ™) at
1 week and once monthly for 6 months. In the JFMC15-1 and 15-2
trials, patients who were randomly assigned to the experimental
group additionally received an induction course of intravenous 5-FU
(250 mgdaily ") during 7 postoperative days (Table 1).

Protocol and data collection for the meta-analysis

In December 2003, a protocol for the meta-analysis, describing the
study rationale, statistical methods, and guidelines for publication,
was distributed to the principal investigators of the five trials.
Investigators were asked to provide individual data for every
randomised patient, whether eligible or not, assessable or not, and

Table | Details of the randomized controlled trials included in the individual patient data meta-analysis
Category JFMC7-1 JFMCIS-1 JFMCI5-2 TAC-CR NSAS-CC Total
Additional chemotherapy Mitomycin C Mitomycin C+FU IV Mitomycn C+HFU IV None None —
Radiotherapy None None MNone None None -—
UFT dose/day 400mg 400 mg 400 mg 400mg 600 mg" —
Period 12 months 12 months 12 months 24 months 12 months -
Dates of accrual 1986~ 1988 1989 1990 1991 - 1994 1996 --2001
No. of patients 834 447 391 143 276
Duration of accrual, months 35 24 24 36 54 —
Sex. No. of patents (male - female ratio)
Male 521 (62.4%) 260 (58.1%) 244 (62.4%) 93 (65.0%) 167 (60.5%) 1285 (61.4%)
Female 313 (37.6%) 187 (41.9%) 147 (37.6%) 50 (35.0%) 109 (39.5%) 806 (38.9%)
Duke's stage, No. of patients
A 135 67 62 12 0 276
B 326 175 139 53 0 693
c 373 205 189 78 276 1121
Median age 57 60 59 62 58 58
Upper age limit, years 70 75 75 75 75 —

JFMC = Japanese Foundation for Muftidisciplinary Treatment of Cancer, NSAS-CC = National Surgical Adjuvant Study of Colorectal Cancers TAC-CR = Tokai Adjuvant
Chemotherapy for Colorectal Cancer; UFT = Uracil - Tegafur. *400 mg m~?day™' for 5 days every 7 days.
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properly followed up or not. Items requested for every patient
were as follows: patient identification, date of surgery, eligibility,
allocated treatment by random assignment, age, sex, primary
tumour site, Dukes’ stage, induction chemotherapy, dates of
recurrence, death, or last visit. Disease-free survival was calculated
from the date of surgery to the date of recurrence, second primary
cancer or death, whichever occurred first. Survival was calculated
from the date of surgery to the date of death, regardless of the
cause of death. Local relapse-free survival was calculated from the
date of surgery to the date of local recurrence. Data from patients
with only distant recurrence and those who were died without
recurrence were censored. Patients enrolled in these trials had
been followed up for 5-7 years. Toxicity data were not collected,
because detailed analysis of side effects can be found in the
published reports of the individual trials (Kodaira et al, 1998; Kato
et al, 2002; Watanabe et al, 2004; Akasu et al, 2006).

All investigators and the Clinical Trial Committee of all the trials
agreed to join in the meta-analysis. Individual patient data were
received by the independent secretariat by February 2004 and
October 2006.

Pretreatment patient characteristics

All 2091 patients had curatively resected rectal cancer without
evidence of distant metastasis by diagnostic imaging criteria or by
macroscopic examination of the abdominal organs during surgery.
Patients with severe postoperative complications were excluded
from all trials, as were patients with any previous chemotherapy or
radiotherapy or with a synchronous or metachronous second
cancer. Median patient age was 61 years at the time of random
assignment. The male/female ratio was approximately 3:2.
Performance status was less than 2 on the Japan Clinical Oncology
Group scale for all patients.

Statistical analysis

The method used for the meta-analysis and the format for the
presentation of the results have been described in detail elsewhere
(Advanced Colorectal Cancer Meta-Analysis Project, 1992). All
analyses were based on individual patient data. Treatment effects
on DFS, LRFS, and survival were first estimated within each trial
and then combined using classical meta-analytic methods (Color-
ectal Cancer Collaborative Group, 2001). Treatment effects were
displayed as hazard ratios. These ratios were estimated by
univariate Cox’s proportional model as relative risks of having
an event in the UFT group as compared with having the same

No. Events / No. Entered

event in the surgery-alone control group. A ratio less than unity
indicates benefit from UFT, and this benefit is statistically
significant when the 95% confidence interval (CI) of the ratio
does not include unity. The overall effect of treatment was assessed
through a 7} d.f. and the heterogeneity between five trials through
a y3 d.f. (Colorectal Cancer Collaborative Group, 2001). Additional
analyses were carried out to determine which of the following
prognostic features, if any, were predictive of the treatment effect:
Dukes’ stage (A vs B vs C), sex (male vs female), and age (three
groups of increasing age). Tests for interaction were applied to
detect departures from the homogeneity of treatment effects.
Multivariate analyses were performed with the use of the Cox
proportional hazards regression model for DFS, LRFS, and survival
to assess the robustness of the observed effects to adjustments for
important covariates and the magnitude of interaction between
treatment effect and covariate (Advanced Colorectal Cancer Meta-
Analysis Project, 1992). All P-values resulted from use of two-sided
statistical tests. The significance level was set at 5% for all tests.

RESULTS

Survival

Survival hazard ratios for all the trials are presented in Figure 1.
The overall hazard ratio was 0.82 (95% CI, 0.70-0.97; P=0.02)
with no significant heterogeneity between the treatment effects in
different trials (i for heterogeneity = 4.31; P=0.37). UFT showed
significant effect on survival of curatively resected rectal cancers
with a 5-year survival benefit of approximately 5%.

Figure 2 shows the breakdown of the survival hazard ratio
stratified by various patient characteristics. There was a slight
trend toward larger treatment benefits in earlier Dukes' stages
(Hazard ratio; Dukes’ A = 0.60, Dukes” B=0.79, Dukes’ C=0.86)
but heterogeneity tests did not show any significant difference
(y3=141; P=0495). There was no statistically significant
difference in sex (y} for interaction = 1.62; P=0.204) or age (y3
for interaction = 0.22; P = 0.898).

Figure 3 shows survival curves by treatment and disease stage.
These curves confirm the hazard ratio analysis shown in Figure 2
and point to favourable effects of UFT in all Dukes’ stages.

Disease-free survival

Disease-free survival hazard ratios are presented in Figure 4 for all
the trials. These figure show a somewhat larger effect of treatment
on DFS than on survival, with an overall DFS ratio of 0.73 (95%CI,

Hazard Ratio Hazard

Study Treatment Control Bk ¥ (Treatment / Control) Redn
JFMC i
71 124/416 143/418 -89 667 - 13%
15-1 68/218 77/229 -35 362 — - 9%
15-2  63/260 32/122 -26 203 e 12%
TAC-CR 15/72 22/71 -38 92 —e—ti— 34%
L
NSAS-CC 20/140 37/136 -95 142 ~—* 7T 50%
© Total 200/1115 311/976 -285 1466 <>l w02 1eu
0 1 2
Treatment better Control betler
Test for heterogeneity Treatment effect P = 0.02
P=0.37

Figure | Survival hazard ratios by individual tmal (Abbreviations: O/N = observed number of events/number of patients; O—E=Observed minus
Expected number of events; V = vanance of (O-E); Hazard Redn = hazard reduction; SE = standard error of hazard reduction).
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No. Events / No. Entered Hazard Ratio Hazard

Treatment Control O-E ' (Treatment / Control) Redn

T

Stage '
Dukes A 10/ 148 16/128 -39 65 B e 40%
Dukes B 66 /377 73/316 95 345 = 21%
Dukes C 213/ 589 222/532 -17.2 108.3 14%

Test for interaction  y2=1.41 P=0.495 '

1

Sex H
Male 192/681  195/604 124 96.4 - 10%
Female 98/ 434 116/372  -19.2 530 E > 29%

Test for interaction  z2=1.62 P=0.204 '

1

Survival age i
<54 103 / 401 104/328  -11.3 512 —-— 18%
55-64 114/4339  125/382  -149 594 - 21%
65+ 73/275 82/266  -58 387 —— 12%

Test for interaction  2=0.22 P=0.898 '

1

1

Induction g
mit 124/416  143/418 -90 667 —-- 13%
mit+5F Uiv 131/ 487 109/ 351 -8.1 583 —— 13%
none 35/212 59 /207 -135 235 T 44%

Test for interaction  #2=3.78 P=0.151 , : : : .
0 1 2

Treatment better  Control better

Figure 2 Survival hazard ratios by patient and treatment charactenistics (Abbreviations as in Figure |).

1.004
0.754
®
§ 0.504
3
v
0.254
— Treatment
----- Control
0_ T T T T
0 1 2 3 4 5
Years
No. at risk
Dukes A Treatment 148 148 147 145 139 137
Control 128 125 125 121 118 114
Dukes B Treatment 377 364 343 328 316 304
Control 316 310 291 273 258 236
Dukes C Treatment 589 560 494 438 388 357
Control 532 507 442 374 339 299

Figure 3 Survival curves by tumour stage and by treatment.

0.63-0.84; P<0.0001) with a 5-year DFS benefit of 9.7%, but
demonstrating some heterageneity among the treatment effects in
different trials (i for heterogeneity = 7.85; P=0.097). Addition-
ally, random effect model assuming the variation between trials
was applied. The results of the random effect model still revealed
highly significant differences owing to the relatively high effect in
TAC-CR and NSAS-CC trials.

Figure 5 lists the DFS hazard ratios by various patient and
treatment characteristics.

© 2007 Cancer Research UK

Figure 6 shows DFS curves by treatment and disease stage. These
curves again point to benefits of UFT in Dukes’ A, B and C stages.
Roughly identical effect extended across all Dukes’ stages: the DFS
benefits at 5 years in terms of risk reduction were 0.42, 0.33, 0.23.

Local relapse free survival

The overall hazard ratio was 0.68 (95%Cl, 0.53-0.87; P=0.0026),
and demonstrating some heterogeneity among the treatment
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