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Abstract: Harvesting lymph nodes (LNs) after gastrectomy is es-

sential for accurate staging. This trial evaluated the efficiency and

quality of a conventional method and a methylene blue–assisted

method in a randomized manner. The key eligibility criteria were as

follows: (i) histologically proven adenocarcinoma of the stomach;

(ii) clinical stage I-III; (iii) R0 resection planned by gastrectomy

with D1+ or D2 lymphadenectomy. The primary endpoint was the

ratio of the pathologic number of harvested LNs per time (minutes)

as an efficacy measure. The secondary endpoint was the number of

harvested LNs, as a quality measure. Between August 2012 and

December 2012, 60 patients were assigned to undergo treatment

using the conventional method (n=29) and the methylene blue dye

method (n=31). The baseline demographics were mostly well

balanced between the 2 groups. The number of harvested LNs

(mean±SD) was 33.6±11.9 in the conventional arm and

43.4±13.9 in the methylene blue arm (P=0.005). The ratio of the

number of the harvested LNs per time was 1.12±0.46LNs/min in

the conventional arm and 1.49±0.59LNs/min in the methylene

blue arm (P=0.010). In the subgroup analyses, the quality and

efficacy were both superior for the methylene blue dye method

compared with the conventional method. The methylene blue

technique is recommended for harvesting LNs during gastric cancer

surgery on the basis of both the quality and efficacy.
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Gastric cancer is the second most common cause of
cancer-related death, after lung cancer.1 D2 gas-

trectomy is the standard treatment for localized gastric
cancer.2–4 After surgery, the progression of the tumor is
determined by the depth of tumor invasion and the
presence of lymph node (LN) metastasis. The patients
who have positive LNs may be candidates for adjuvant
treatment.5–8 The LN status is also considered to be the
most important prognostic factor.9

The nodal status is determined by the number of
positive LNs among the harvested LNs. The Union for
International Cancer Control and the third edition of the
Gastric Cancer Treatment Guideline recommend that at
least 16 LNs be harvested for reliable staging.10,11

Although the harvesting of LNs after gastrectomy is
essential for accurate staging of gastric cancer, the tech-
nique has not been standardized. The LN sampling from
the specimens can be affected by the physician’s experi-
ence and persistence, the extent of dissection, type of
gastrectomy, and the method used to harvest the LNs.
Surgeons harvest LNs from fresh specimens immediately
after surgery in Japan, whereas the pathologists generally
harvest the nodes from specimens fixed with formalin
after surgery in other countries. Although surgeons may
be enthusiastic about harvesting LNs, it is often difficult
to do after performing an extensive surgery. In contrast,
nodal sampling may be difficult for pathologists, who are
not familiar with the surgical anatomy. Moreover, after
tissues are fixed with formalin, it is often difficult to
separate and identify the LNs, which makes nodal sam-
pling time-consuming work for most pathologists.

The methylene blue–assisted technique is another
approach used for harvesting LNs.12 In this approach, the
specimens are fixed with formalin-containing methylene
blue after surgery. The physicians can easily pick up blue
LNs, regardless of the their level of knowledge or skill.
However, only a few Japanese surgeons have reported
efficacy of this method in single-arm studies.13,14 It
therefore remains unclear whether the methylene blue–
assisted technique is superior to the conventional techni-
que using fresh samples from gastric cancer patients.

We hypothesized that harvesting LNs by the methy-
lene blue–assisted technique would be more efficient
and provide better quality LN than the conventional
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technique. More accurate staging would lead to appro-
priate postoperative treatment, which could affect the
patient’s survival. To confirm our hypothesis, we con-
ducted a single-center, randomized, controlled study to
evaluate the efficiency and quality of harvesting LNs
between the conventional technique and the methylene
blue technique.

MATERIALS AND METHODS

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (i) histologi-

cally proven adenocarcinoma of the stomach; (ii) clinical
stage I, II, or III disease, as determined by the Japanese
Classification of Gastric Carcinoma, third English edi-
tion11; and (iii) R0 resection achieved by gastrectomy with
D1+ or D2 lymphadenectomy, according to the Japanese
gastric cancer treatment guidelines 2010 (ver. 3).2 We
excluded the patients who received preoperative chemo-
therapy and/or radiation therapy.

Surgical Procedure
All patients underwent distal or total gastrectomy

with nodal dissection for gastric cancer. In principle, a D1
or a D1+ lymphadenectomy was indicated for cT1N0
tumors, and D2 was indicated for cN+ or cT2-T4 tu-
mors, regardless of the approach.2 Spleen-preserving D2
total gastrectomy was permitted in this study. The
omentum was preserved except where resection was nec-
essary for LN dissection along the right gastroepiploic
artery.

LN Harvesting Methods and the Pathologic
Diagnosis

Surgeons registered the information in the data
center after confirming the eligibility criteria during the
surgery. Then, the patients were randomized and assigned
to the conventional method or the methylene blue–
assisted method by a centralized dynamic method using
the following factors: lymphadenectomy (D1+/D2), type
of gastrectomy (subtotal/total), and surgical experience
(<15/15+y).

During surgery, the stomach and the perigastric
tissues containing the LNs, fat, and vessels were removed
in 1 block (by so called “en-bloc dissection”). Then, the
perigastric tissues were separated from the stomach and
divided into (1) the area that contained the LNs located
along the proper hepatic artery, common hepatic artery,
celiac artery, and splenic artery, (2) the area that had been
attached to the lesser curvature and contained the LNs
along the right and left gastric arteries, and (3) the area
that had been attached to the greater curvature and
contained LNs along the right and left gastroepiploic
arteries.

In the conventional arm, the LNs were harvested
from each area immediately after surgery. First, all pal-
pable LNs were removed from each area. Usually, most
LNs could be harvested from the area along the major
branched arteries by this method because of the limited

fat tissues in this area, whereas those in the lesser and
greater curvatures were buried in fatty tissues. Thereafter,
the remaining tissues were sliced and stretched to detect
visible LNs. After that, the resected stomach and all
harvested LNs were fixed with 10% buffered formalin
for at least 48 hours. In the methylene blue arm,
each separated tissue that contained LNs was fixed with
10% buffered formalin with methylene blue for 2
nights. Figure 1 shows a photograph of a representative
tissue sample containing LNs in the area that had been
attached to the greater curvature. The LNs are stained
with methylene blue dye. After that, the LNs stained with
the blue dye were harvested from each area. The con-
centration of the formalin was standardized throughout
the study.

After standard histologic processing of the tissue,
and paraffin embedding, 2-step sections were cut from
each block and stained with hematoxylin and eosin. The
methylene blue stain vanished completely during the
histologic processing and did not influence the evaluation
of the slides. All slides were screened by experienced
pathologists for LN metastases.

FIGURE 1. The arrows point the right gastroepiploic
artery. The circle points LNs stained blue by the methylene
blue–assisted technique.
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FIGURE 2. The CONSORT diagram of this study.
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The time required for harvesting the LNs was de-
fined as that from the initiation to the termination. The
ratio of the number of harvested LNs per time (in mi-
nutes) was calculated. The tumors were staged according
to the third edition of the Gastric Cancer Treatment
Guideline published by the Japanese Gastric Cancer
Association.2

Qualification of the Participating Surgeons
The protocol prespecified that the examiners were

surgeons who had previous experience with harvesting
LNs from >50 specimens from gastric cancer surgery.

Study Design and Statistical Analyses
The primary endpoint was the ratio of the number

of harvested LNs per time (in minute) as an efficacy
measure. The secondary endpoint was the number of
harvested LNs as a quality measure. We expected that
there would be a 25% reduction in the ratio of harvested
LNs/time (in minutes) for this test treatment, considering
the balance between the cost and benefit. On the basis of
the retrospective data at our institution and described in
previous reports, we estimated that the ratio of the
number of harvested LNs per time (minutes) would be
40/30 minutes in the conventional arm. To achieve 25%
risk reduction, a ratio of 40/22.5 minutes in the methylene
blue arm was expected. On the basis of this assumption, a
sample size of 26 per arm (52 total patients) was needed to

ensure a statistical power of 80% at a 2-sided a of 5%.
Considering the likelihood of enrolling ineligible patients,
the number of patients to be accrued was set at 60 in total.
The primary endpoint of the study was analyzed on an
intent-to-treat principle, and the data were compared
using t tests. The secondary endpoints, the number of
harvest LNs and the time required to harvest the LNs,
were similarly analyzed using t tests. A subgroup analysis
was also performed to explore the effects of the type of
gastrectomy, type of lymphadenectomy, sex, and body
mass index (BMI) on the endpoints. This study was ap-
proved by the Ethics Review Board of Kanagawa Cancer
Center. Trial registration: UMIN000008624.

RESULTS

Patients
Between August 2012 and December 2012, 60 pa-

tients were registered in this study, and were randomly
allocated to either the conventional arm (n=29) or the
methylene blue arm (n=31). Figure 2 shows the CON-
SORT diagram. All patients were judged to be eligible.
All patients were treated following the protocol of the
arm to which they were allocated. The background
characteristics of both arms are shown in Table 1. The
age, BMI, preoperative endoscopic submucosa dissection,
type of gastrectomy, macroscopic tumor size, lymphade-
nectomy, splenectomy, length of operation, and blood

TABLE 1. Patient’s Background in the Conventional and the Methylene Blue Arms

Conventional Arm (n=29) (N [%]) Methylene Blue Arm (n=31) (N [%]) P

Age 0.203
Median (range) 67 y (36-83) 68 y (33-85)

BMI 0.972
Median (range) 22.9 (14.6-27.7) 23.2 (15.9-28.7)

Sex 0.058
Male 21 (72.4) 15 (48.4)
Female 8 (27.6) 16 (51.6)

Surgical experience 0.088
<15 y 29 (100) 29 (93.5)
Z15 y 0 (0) 2 (6.5)

Preoperative treatment (ESD) 0.266
Yes 2 (6.9) 5 (32.2)
No 27 (93.1) 26 (67.8)

Type of gastrectomy 0.833
DG 17 (58.6) 19 (61.3%)
TG 12 (41.4) 12 (38.7)

Macroscopic tumor size 0.732
Median (range) (mm) 30 (15-135) 38 (12-120)

LN dissection 0.427
D1+ 17 (58.6) 15 (48.4)
D2 12 (41.4) 16 (51.6)

Splenectomy 0.638
Yes 5 (17.2) 4 (12.9)
No 24 (82.8) 27 (87.1)

Operation time 0.101
Median (range) (min) 290 (145-498) 247 (125-405)

Blood loss 0.177
Median (range) (mL) 125 (10-1920) 130 (0-915)

DG indicates distal gastrectomy; ESD, endoscopic submucosa dissection; TG, total gastrectomy.
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loss were well balanced between the 2 arms except for sex
and surgical experience. Male individuals were dominant
in the conventional arm, whereas female individuals were
dominant in the methylene blue arm. No surgeons had
>15 years of experience in the conventional arm, but 2
had >15 years of experience in the methylene blue arm.
However, the differences in sex and surgical experience
were not statistically significant.

The Harvested LNs and Pathologic Findings
The number of harvested LNs (mean±SD), which

was the secondary endpoint, was 33.6±11.9 in the con-
ventional arm and 43.4±13.9 in the methylene blue arm
(P=0.005, difference of the means [95% confidence in-
terval], 9.8 [3.1-16.5]). The time per case for harvesting
LN was 32.5±11.7min/case in the conventional arm
and 33.9±19.0min/case in the methylene blue arm
(P=0.743). The ratio of the number of the harvested
LNs per time, which was the primary endpoint, was
1.12±0.46LNs/min in the conventional arm and

1.49±0.59LNs/min in the methylene blue arm
(P=0.010, difference of the means, 0.36 [0.09-0.64]).

Waterfall plots of the number of harvested LNs in
both arms are shown in Figure 3. One patient (3.4%) in
the conventional arm had <16 LNs harvested, whereas at
least 16 LNs were harvested from each patient in the
methylene blue arm. Figure 4 demonstrates the waterfall
plots of the ratios of the harvested LNs/min in both arms.

The pathologic findings are shown in Table 2. None
of the pathologic factors were significantly different be-
tween the groups.

Subgroup Analyses
The subgroup analyses were performed according to

the type of gastrectomy, the extent of LN dissection, sex,
and BMI. The difference in the mean between arms and
its 95% confidence interval in the number of the har-
vested LNs and the ratios of the number of the harvested
LNs per time were plotted in Figures 5 and 6, re-
spectively. The P values for the interaction were not
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FIGURE 3. A waterfall plot of the numbers of harvested LNs in the conventional and methylene blue arms. The orange line
indicates the 16 LNs recommended for accurate staging. One patient in the conventional arm had <16 LNs harvested.
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statistically significant in any of the categories, although
the BMI tended to have interaction with the number of
LNs harvested (P=0.136). The methylene blue arm
showed better results than the conventional arm in terms
of both the number and the ratio in all subgroups of each
category.

Accuracy of Clinically Harvested LNs
The number of the clinically harvested LNs was

44.2±16.3 and the number of pathologic LNs was
33.6±11.9 in the conventional arm, whereas the former
was 47.1±17.0 and the latter was 43.4±13.9 in the
methylene blue arm. The mean ratio of the former to
the latter was 0.79 in the conventional arm and 0.95 in the
methylene blue arm (P=0.004).

DISCUSSION
This is the first report that has evaluated different

procedures for harvesting LNs and demonstrating that
the methylene blue–assisted technique was superior to the
conventional method in terms of the ratio of the number
of harvested LNs per time as a quality measure and in the
number of the harvest LNs as an efficacy measure, in a
prospective randomized controlled study. Moreover, the
similar efficacy and quality of the methylene blue–assisted
technique were observed regardless of the patient’s sex,
BMI, type of gastrectomy, and type of lymphadenectomy.
Therefore, the methylene blue technique is recommended
for harvesting LNs from the viewpoints of both quality
and efficacy during gastric cancer surgery.

In this study, the primary endpoint was the ratio of
the number of harvested LNs per time (in minutes).
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TABLE 2. Pathologic Findings Between the Conventional and Methylene Blue Arms

Conventional Arm (n=29) (N [%]) Methylene Blue Arm (n=31) (N [%]) P

Pathologic T factor 0.767
T0 2 (6.9) 5 (16.1)
T1 15 (51.7) 12 (38.7)
T2 4 (13.8) 4 (12.9)
T3 2 (6.9) 3 (9.7)
T4 6 (20.7) 7 (22.6)

Pathologic N factor 0.703
N0 18 (62.1) 23 (74.1)
N1 4 (13.8) 2 (6.5)
N2 3 (10.3) 2 (6.5)
N3 4 (13.8) 4 (12.9)

Macroscopic appearance 0.426
0 19 (65.5) 18 (58.1)
1 0 (0) 0 (0)
2 5 (17.2) 4 (12.9)
3 2 (6.9) 2 (6.4)
4 1 (3.5) 0 (0)
5 2 (6.9) 7 (22.6)

Pathologic tumor size 0.642
Median (range) (mm) 38 (15-155) 47.5 (15-140)

Tumor location 0.593
Upper third 7 (24.1) 6 (19.4)
Middle third 16 (55.2) 15 (48.4)
Lower third 6 (20.7) 10 (32.2)

Pathologic type 0.261
Differentiated 16 (55.2) 8 (25.8)
Undifferentiated 11 (37.9) 18 (58.1)
None tumor 2 (6.9) 5 (16.1)

Total gastrectomy

Distal gastrectomy

D1 lymphadenectomy

D2 lymphadenectomy

Female

Male

BMI less than 25

BMI over 25

Methylene blue arm better Conventional arm better

95% CI
P value for
interaction 

6.9 17.1 -3.3
0.443

12.0 21.1 2.9

95% CI
P value for
interaction 

12.3 21.7 2.9
0.324

5.9 15.9 -4.1

95% CI
P value for
interaction 

7.0 20.3 -6.3
0.656

10.1 18.1 2.0

95% CI
P value for
interaction 

9.7 17.9 1.6
0.982

9.6 20.6 -1.4

- - - - -

FIGURE 5. The results of the subgroup analysis of the differences in the mean number of harvested LNs for the eligible
population.
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Theoretically, each patient would have a similar number
of LNs. If physicians spend an unlimited amount of time
harvesting LNs, they might accurately collect all LNs,
even those buried in the specimens. Although harvesting
LNs after gastrectomy is essential for accurate staging of
gastric cancer, most physicians consider that harvesting
LNs is time-consuming and relatively undesirable work,
because their specialty is surgery or pathology. All
physicians would like to harvest as many LNs as possible
in a limited period of time. Considering these factors, the
harvesting method must be evaluated for efficacy.
Therefore, we set the number of harvested LNs per time
(in minutes) as the primary endpoint in this study.

On the basis of the retrospective data at our in-
stitution and previous reports, we estimated that the ratio
of the number of harvested LNs per time (in minutes)
would be 40/30 minutes in the conventional arm and 40/
22.5 minutes in the methylene blue arm. We hypothesized
that an equal number of LNs could be harvested in a
shorter time using the methylene blue method than the
conventional method. However, whereas the number of
harvested LNs was significantly higher in the methylene
blue arm than in the conventional arm, the time for
harvesting the LNs was almost equal between the 2 arms.
This could be explained by the threshold and accuracy of
detecting LNs. As shown in Figure 1, not only large LNs
but also very small LNs, which would not be picked up by
the conventional method, were stained with methylene

blue, which allowed very small LNs to be harvested only
in the methylene blue arm. The time required to harvest
the LNs would be longer because of the harvesting of
such small LNs in the methylene blue arm. This suggests
that the accuracy of detecting LNs should also be taken
into consideration. In the present study, the concordance
rate was significantly higher in the methylene blue arm
than in the conventional arm. These results suggested that
pathologic LNs could be accurately picked up by the
methylene blue method, regardless of the size of the LNs.

In the present study, the number of LNs harvested
was >16 in all patients except 1 in the conventional arm,
which suggested that the final N-staging was appropriate in
most patients. This indicates that the examiners were all
experts who could pick up the LNs without the assistance of
the blue dye in this study, which may have decreased the
benefit of the methylene blue technique in the randomized
study. Nevertheless, the number and the ratio were superior
in the methylene blue arm than in the conventional arm,
and it is expected that more superior results would be ob-
tained if the examiners were less experienced.

Although this study showed positive results, there
were some limitations associated with this study. First, all
surgeons had previous experience with harvesting LNs,
and all had harvested LNs from >50 specimens. All
surgeons already had sufficient skills and knowledge for
harvesting LNs using the conventional method. More-
over, our hospital is a high-volume center, in which >200
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FIGURE 6. The results of the subgroup analysis of the differences in the mean ratio of the number of harvested LNs per time
(in minutes) for the eligible population.
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gastric cancer surgeries are performed every year. It is
therefore unclear whether our results can be generalized
to less experienced surgeons in low-volume hospitals.
Second, this was a single-center study. Our results must
be validated in other hospitals or in the multicenter study.
Third, we excluded the patients who received preoperative
chemotherapy. On the basis of the results of the MAGIC
trial, perioperative chemotherapy is now the standard
treatment for gastric cancer in Europe.6 However, it is
well known that preoperative chemo-radiotherapy in pa-
tients with rectal and breast cancer is associated with a
reduced number of LNs.15–17 It should therefore be
clarified whether the methylene blue technique is superior
to the conventional method in terms of the efficacy and
quality in cancers for which preoperative treatment is
frequently selected.

In conclusion, the methylene blue–assisted techni-
que is recommended for harvesting LNs in gastric cancer
surgery.
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