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dual-tracer-guided sentinel lymph node
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Abstract

Background: Dual-tracer-guided sentinel lymph node (SLN) biopsy may provide a promising diagnostic tool to
assess accurately the status of lymph node metastasis in the surgical operation and assure the oncologic safety of
the function or stomach preserving surgery. The diagnostic performance of this technology in recent studies varied.
Thus, we conducted this meta-analysis.

Methods: This systematic review and meta-analysis was registered at the PROSPERO. Eligible studies were searched
in the PubMed, EMBASE, Web of Knowledge, and Cochrane Library databases. A random-effect model was used to
pool the data. Summary receiver operator characteristic curves, analysis for publication bias, meta-regression, and
subgroup analysis were also performed.

Results: The pooled SLN identification rate and sensitivity were 0.97 and 0.89. 99mTc-human serum albumin with
indocyanine green (ICG), 99mTc-antimony sulfur colloid with ICG, performing SLN biopsy ≥15 min after dye injection, an
SLN ≥5, the basin dissection, laparoscopic surgery, in studies conducted in Japan and studies published after 2012,
were associated with higher sensitivity. CT1 stage, performing SLN biopsy ≥15 min after dye injection, in studies
conducted in Japan and studies published after 2012, were related with a higher identification rate.

Conclusions: Dual tracer is promising in SLN biopsy in gastric cancer, and the clinical application of SLN biopsy should
be limited to the patients of cT1N0M0 gastric cancer. The combination of 99mTc-human serum albumin and ICG as well
as the combination of 99mTc-antimony sulfur colloid and ICG may be the optimal tracer combination. However, it
seems not justified to put this technique into routine clinical application recently. Some factors that might enhance
diagnostic value are identified.

Keywords: Dual tracer, Stomach neoplasm, Sentinel lymph node

* Correspondence: zdh19838@163.com
1Department of Oncological Surgery, The First Affiliated Hospital of College
of Medicine of Zhejiang University, Qingchun Road 79, Hangzhou, Zhejiang
Province, China
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Huang et al. World Journal of Surgical Oncology  (2017) 15:103 
DOI 10.1186/s12957-017-1159-7

http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-017-1159-7&domain=pdf
http://orcid.org/0000-0003-0762-6826
mailto:zdh19838@163.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
More and more early gastric cancer has been diagnosed
recently due to the advances in screening methods such
as endoscopic examination [1, 2]. According to the Gas-
tric Cancer Treatment Guidelines 2014 of Japanese Gas-
tric Cancer Association, a D1 lymphadenectomy or D1+
lymphadenectomy is indicated for cT1N0M0 gastric can-
cers. Since the preoperative diagnosis of lymph node
metastasis remains unreliable, a D2 lymphadenectomy is
recommended whenever lymph node metastasis is sus-
pected and the prophylactic lymphadenectomy may lead
to the postoperative complications such as chylous asci-
tes [3, 4]. Besides, segmental gastrectomy and local re-
section are now on trial in cT1N0M0 gastric cancers.
These kinds of function or stomach preserving surgery
can avoid the complications of traditional total or distal
gastrectomy such as dumping syndrome and malnutri-
tion [5]. Thus, a diagnostic tool is needed to assess ac-
curately the status of lymph node metastasis in the
surgical operation and assure the oncologic safety of the
function or stomach preserving surgery [6–8].
Sentinel lymph node (SLN) biopsy may provide a prom-

ising tool to resolve this issue. The SLNs are defined as
the first possible lymph nodes to which the primary tumor
drains. They are detected with the help of tracers and then
resected for intraoperative pathologic examination. And
the pathologic results of SLNs are believed to predict the
lymphatic metastatic status of downstream lymph nodes
[9]. However, lymphatic flow of the stomach is compli-
cated and there is the possibility of skip metastasis [10].
Thus, the application of SLN biopsy in gastric cancer has
long been debated [11]. In addition, suitable tracers are
still controversial in SLN detection in gastric cancer. At
present, the radioisotope and dye are commonly used as
tracers, each of which has its own merits and shortcom-
ings in SLN detection. So, some researchers have adopted
the combination of these two tracers. Recently, several
studies about dual-tracer-guided SLN biopsy in gastric
cancer have been carried out; however, the diagnostic per-
formance and procedures of SLN biopsy in these studies
varied. In this meta-analysis, we attempt to evaluate the
feasibility and diagnostic performance of dual-tracer-
guided SLN biopsy in cT1-2N0M0 gastric cancer. To con-
firm the proper indications of SLN biopsy in terms of the
depth of the primary tumor, the studies with patients of
cT1N0M0 or cT2N0M0 gastric cancer are all involved in
our meta-analysis. Furthermore, the secondary goals are
to identify factors that may enhance diagnostic value.

Methods
This systematic review and meta-analysis was registered
at the PROSPERO. The registration number is
CRD42016046730.

Literature search strategy
The electronic databases PubMed, EMBASE, Web of
Knowledge, and the Cochrane Library were searched
from initiation of the databases to September 3, 2016.
Free text and medical subject heading terms were used
for stomach neoplasm and sentinel lymph nodes. The
language was not limited. To search for additional po-
tentially relevant articles, reference lists from the in-
cluded trials were screened. Furthermore, to obtain any
relevant full texts and missing data, we contacted the au-
thors of the papers.

Inclusion and exclusion criteria
The inclusion criteria for this meta-analysis were as fol-
lows: (a) studies assessed the diagnostic value of dual-
tracer-guided SLN biopsy in predicting the lymph node
status of cT1-2N0M0 gastric cancer and (b) the sample
size was greater than 10 patients.
Studies were excluded based on the following criter-

ia:(a) reviews, case reports, meta-analyses, abstracts, or
letters; (b) in vitro studies and studies performed on ani-
mals; and (c) studies without sufficient data of diagnostic
performance.
Study search and selection were performed independ-

ently by two investigators (L.H. and T.W.). Disagree-
ments between the two investigators were resolved by a
third investigator (J-J.C.) after re-checking the original
article and discussion of the evidence.

Data extraction and quality assessment
Two authors (L.H. and T.W.) extracted data using pre-
defined tables. The results from patients with success-
fully identified SLNs were recorded as TP, FN, or TN.
TP was defined as the number of patients whose SLNs
were positive with or without positive non-SLNs. FN
was defined as the number of patients whose SLNs were
negative with the positive non-SLNs. TN was defined as
the number of patients whose SLNs were negative with
negative non-SLNs.
QUADAS-2 was used in our review to assess risk of

bias and applicability concerns [12]. All of the studies
were independently assessed by two reviewers (L.H. and
J-J.C.), and any disagreement was resolved by discussion.

Statistical analysis
Statistical analyses were performed in Meta-DiSc soft-
ware Version 1.4 (Javier Zamora, Madrid, Spain), Com-
prehensive Meta Analysis software Version 3.0 (Biostat
Inc., Englewood, NJ, USA), and STATA software Version
12.0 (Stata Corporation, TX, USA). All the statistical
analysis were reviewed and confirmed by J-J.C. whose
second major is statistics.
Random-effects models for the meta-analysis were

used to calculate pooled proportions for identification
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rates, sensitivities (TP/(TP + FN)) and negative likeli-
hood ratios (LR) ((1 − sensitivity)/specificity) with 95%
confidence interval (CI). Spearman’s correlation coeffi-
cient was used to detect the threshold effect. Forest plots
showed variations in the study results and pooled esti-
mates. The summary receiver operator characteristic
(SROC) curve showed diagnostic accuracy by the area
under the curve (AUC) and the Q* index (a statistical
value defined by the point on the SROC curve where
sensitivity and specificity are equal) [13].
Statistical heterogeneity was tested with a chi-squared

test and was quantified by P value. Statistical heterogen-
eity was considered when P <0.1. Publication bias was
evaluated by funnel plots and by the Egger’s test for fun-
nel plot asymmetry.
If heterogeneities were present, stratum-specific

pooled estimates were generated for subgroup analysis.
Meta-regression analyses were also performed to find
factors determining the diagnostic accuracy if sufficient

studies were available. P < 0.05 was considered statisti-
cally significant.

Results
Study selection
Eighteen feasibility studies involving 1663 patients were
enrolled in this meta-analysis. Of the included studies,
one study analyzed the data separately according to dif-
ferent biopsy methods (basin dissection vs pick up). The
study selection process is summarized in Fig. 1.

The quality of the literature studies
The results of the quality assessment are listed in Table 1
[14–31].

General study characteristics
The studies involved two multicenter prospective clinical
studies with sample sizes varying from 17 to 397. The
tumor size of most patients was <4 cm. The characteristics

Fig. 1 Flow diagram for study selection
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of the included studies are listed in Table 2 and Additional
file 1: Table S1 and Table S2.

Diagnostic performance of dual-tracer-guided SLN biopsy
The pooled dual-tracer-guided SLN biopsy identification
rate, sensitivity, and negative LR were 0.97 (95% confi-
dence interval (CI), 0.95–0.98, I2 = 48.6%, Fig. 2), 0.89
(95%CI, 0.84–0.93, I2 = 34.0%, Fig. 3), and 0.19 (95%CI,
0.13–0.28, I2 = 32.6%, Fig. 4), respectively. Mild heteroge-
neities were found between studies with respect to iden-
tification rate, sensitivity, and negative LR according to
the I2 value and P value. Spearman’s correlation coeffi-
cient was −0.301 (P = 0.21), indicating no threshold ef-
fect. The SROC curve is shown in Fig. 5; the AUC was
0.988 and Q* = 0.953, indicating the excellent effective-
ness of the diagnostic technique.

Subgroup analyses
The results of the subgroup analyses are shown in
Table 3.
When considering the preoperative T stage, the pooled

identification rate of the cT1 subgroup was a little higher
than that of the cT2 subgroup, but there were significant
heterogeneities in the pooled identification rate of both
subgroups (P = 0.00). And the pooled sensitivity of the
cT1 subgroup was lower than that of the cT2 subgroup
(86.1 vs 94.3%).

When considering the type of dual tracer, the pooled
sensitivity of the 99mTc-human serum albumin and ICG
subgroup and the 99mTc-antimony sulfur colloid and ICG
subgroup were the highest in five subgroups (100%).
When considering the time performing SLN biopsy after

dye injection, the pooled identification rate and sensitivity
of the ≥15 min subgroup was much higher than that of
the <15 min subgroup (97.3 vs 96.2%, 95.2 vs 81.0%).
When considering the number of SLNs, the pooled

sensitivity of the ≥5 subgroup was much higher than
that of the <5 subgroup (94.4 vs 83.9%).
When considering the methods of SLN biopsy, the

pooled sensitivity of the basin dissection subgroup was
much higher than that of the pick-up subgroup (95.9 vs
86.9%). However, the pooled identification rate of the
basin dissection subgroup was a little lower than that of
the pick-up subgroup (94.9 vs 97.3%). And there were
significant heterogeneities in the pooled identification
rate of the pick-up subgroup (P = 0.01).
When considering the methods for the intraoperative

histological evaluation of SLN, the pooled sensitivity of
hematoxylin eosin (HE) was higher than that of the HE
and immunohistochemistry (IHC) subgroup (90.8 vs
86.4%).
When considering the methods of surgery, the pooled

identification rate of the opening surgery was a little
higher than that of the laparoscopic subgroup (97.6 vs

Table 1 The results of quality assessment according to QUADAS 2 for the included studies

Study id Risk of bias Applicability concerns

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Ayako Shimada2016 1 1 1 1 1 1 1

Masahiro Niihara2016 1 1 1 1 1 1 1

Young Joon Lee2015 1 1 1 1 1 1 1

Satoshi Kamiya2015 1 1 1 1 1 1 1

Shuhei Mayanagi2014 2 2 ? ? 1 ? ?

Yuko Kitagawa2013 1 1 1 1 1 1 1

Ju-Hee Lee2013 1 1 ? ? 1 1 ?

Do Joong Park2011 1 1 1 1 1 1 1

Hiroya Takeuchi2011 1 2 ? ? 1 ? ?

Takashi Ichikura2009 1 1 1 1 1 1 1

Jun Ho Lee 3rd trial 2009 1 2 1 1 1 1 1

Young-Joon Lee2008 pick up 1 1 ? 2 1 1 ?

Young-Joon Lee2008 basin 1 1 ? ? 1 1 ?

Jun Ho Lee2006 1 1 1 1 1 1 1

Yoshiro Saikawa2006 1 2 ? ? 1 1 ?

Hitoshi Tonouchi2005 1 1 1 1 1 1 1

Tomoaki Karube2004 1 1 1 1 1 1 1

Hideki Hayashi2003 1 1 1 1 1 1 1

Hitoshi Tonouchi2003 2 1 1 1 1 1 1

1 low, 2 high, ? unclear
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93.9%). However, the pooled sensitivity of the laparo-
scopic surgery was a little higher than that of the open-
ing surgery subgroup (90.9 vs 86.7%).
When considering the countries where researches were

conducted, the pooled identification rate and sensitivity of
the Japan subgroup was a little higher than that of the not
in Japan subgroup (98.0 vs 93.4%, 89.6 vs 87.3%).
When considering the publication year, the pooled

identification rate and sensitivity of the ≥2013 subgroup
was higher than that of the <2013 subgroup (97.6 vs
95.5%, 90.5 vs 86.4%).

Meta-regression analysis and publication bias
No significant factors were found for the observed het-
erogeneity of sensitivity by the meta-regression analysis
(Additional file 1: Table S3 illustrates the results of
meta-regression analysis). With respect to the identifica-
tion rate and sensitivity, funnel plots were generated to
assess the publication bias of the included studies and
the results suggested minimal bias (Fig. 6 and Fig. 7).
These results were confirmed by Egger’s test, with P =
0.79 and 0.95, respectively.

Discussion
To the best of our knowledge, this is the first meta-
analysis on the detection rate and diagnostic performance

of SLN biopsy guided by dual tracers in cT1-2N0M0 gas-
tric cancer.
Our meta-analysis showed that the use of dual tracer in

SLN mapping got a high pooled identification rate and
sensitivity (97.0 and 89.0%). As reported by previous
meta-analysis, radioactive isotope alone got a pooled iden-
tification rate and sensitivity of 92.1 and 76.4% while dye
alone were 92.1 and 72.7% [32]. So, it seems that the diag-
nostic performance of dual tracer is the most excellent.
The dye-guided method has the merits of safety, cheap-
ness, and convenient injecting procedure and the ability of
detecting not only lymph nodes but also lymphatic vessels.
However, it is associated with a lower identification rate
due to the rapid transit of the dye after injection and the
blind sites in dense tissue [33]. On the other hand, the
radiopharmaceutical-guided method has several advan-
tages such as the objectivity of detecting SLN by quantita-
tive evaluation of sentinel node radioactivity even in thick
adipose tissue and suitability for laparoscopic surgery be-
cause of its longer deposition in lymph node than dye. But
it also has several disadvantages such as high radioactivity
interference at the primary injection site when detecting
nearby SLNs and disability of visualizing the lymphatic
vessels [34]. Thus, the combination of two kinds of tracer
may be more reliable.
We performed subgroup analysis in terms of preopera-

tive T stage. However, our results showed that the

Table 2 Patient characteristics of included studies

Author Year Country Sample size Patient age Preoperative tumor stage Tumor size (cm) L/O

Ayako Shimada et al. 2016 Japan 156 59.5 ± 11.5 CT1N0M0 <4 cm Both

Masahiro Niihara et al. 2016 Japan 385 26–86 CT1-2aN0M0 <4.0 cm in 286 patients,
>4.0 cm in 99 patients

Both

Young Joon Lee et al. 2015 South Korea 108 20–80 CT1-2N0M0 <4 cm L

Satoshi Kamiya et al. 2015 Japan 72 61.5 ± 12.7 CT1N0M0 <4 cm O

Shuhei Mayanagi et al. 2014 Japan 40 66.0 ± 9.1 CT1N0M0 <4 cm O

Yuko Kitagaw et al. 2013 Japan 397 29–87 CT1-2N0M0 <4 cm O

Ju-Hee Lee et al. 2013 South Korea 24 40–80 CT1N0M0 ≤4 cm L

Do Joong Park et al. 2011 South Korea 68 55.9 ± 10.7 CT1-2N0M0 <4 cm L

Hiroya Takeuchi et al. 2011 Japan 37 62.0 ± 12.0 CT1N0M0 <4 cm L

Takashi Ichikura et al. 2009 Japan 38 30–81 CT1N0M0 <4 cm O

Jun Ho Lee 3rd trial et al. 2009 South Korea 21 28–76 CT1N0M0 2–4 cm L

Young Joon Lee (pick-up) et al 2008 South Korea 42 30–81 CT1-2N0M0 ≤4 cm L

Young Joon Lee (basin) et al. 2008 South Korea 50 35–85 CT1-2N0M0 ≤4 cm L

Jun Ho Lee et al. 2006 South Korea 64 60.0 ± 11.0 CT1N0M0 <5 cm O

Yoshiro Saikawa et al. 2006 Japan 35 41–77 CT1N0M0 Unclear L

Hitoshi Tonouchi et al. 2005 Japan 37 Unclear CT1-2N0M0 Unclear L

Tomoaki Karube et al. 2004 Japan 41 59 ± 10 CT1-2N0M0 Unclear O

Hideki Hayashi et al. 2003 Japan 31 42–77 CT1-2N0M0 Unclear O

Hitoshi Tonouchi et al. 2003 Japan 17 52–85 CT1N0M0 Unclear L

L laparoscopic surgery, O opening surgery
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sensitivity of the cT1 subgroup was lower than that of
the cT2 subgroup. This was different with the results of
previous studies [32]. We could not find any explana-
tions for this result: we reviewed the studies of cT1 sub-
group and found most of the false-negative cases
invaded muscularis propria according to the results of
pathology detection. For instance, in the study by Nii-
hara et al. which was classified as the cT1 subgroup,

although there were three false-negative cases, the result
of pathologic detection showed that two of them were
pathologically T2 stage [15]. And in another cT1 study
by Lee which was published in the year 2006, although
there were five false-negative cases, the result of patho-
logic detection showed that four of them were patho-
logically T2 stage [27]. When tumors invade muscularis
propria, the lymphatic drainage may be obstructed or

Fig. 2 The pooled identification rate

Fig. 3 The pooled sensitivity
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altered and novel lymphangiogenesis makes lymphatic
drainage more complicated. This may explain the reason
why the sensitivity of SLN biopsy becomes lower in pT2
stage. Our results demonstrate that the accurate T stage
before operation is important to optimize SLN biopsy
and the clinical application of SLN biopsy should be lim-
ited to the patients of cT1N0M0 gastric cancer.

Because there were no uniform types of dual tracers in
the included studies, we tried to figure out the effect of
different types of dual tracers on the sensitivity and
negative LR. The subgroup analysis showed that the
combination of 99mTc-human serum albumin and ICG
and the combination of 99mTc-antimony sulfur colloid
and ICG had the highest sensitivity and satisfactory

Fig. 4 The pooled negative likelihood ratio. LR likelihood ratio

Fig. 5 Summary receiver operator characteristic curve. SROC summary receiver operator characteristic, AUC the area under the curve
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identification rate. The following points may be the rea-
sons: firstly, both radioisotope 99mTc-human serum albu-
min and 99mTc-antimony sulfur colloid have a small
particle size (≦200 nm) and have the advantages of mi-
grating faster than 99mTc tin colloid, being easy in pre-
dicting the proper time to probe, being able to be
injected simultaneously with the dye, and being very
stable. In addition, the tracer 99mTc-human serum albu-
min has the merits of being biodegradable and reduced
potential for allergic reactions [35, 36]. Secondly, the dye
ICG was also reported to have a high detection rate and
sensitivity. It has the merits of cheapness, convenience,
being able to detect bright sentinel nodes in dense fat,
signal stability, and clear visualization of lymph nodes

and lymphatic canals. Besides, the recent technology
such as HyperEye Medical System can simultaneously
detect color and near-infrared rays of ICG and can be
used under room light [37, 38]. However, the strength of
this subgroup analysis is limited by its small sample size,
and we hope that more relevant studies will be carried
out in the future for a more precise evaluation.
We found that performing SLN biopsy ≥15 min after

dye injection had a much higher identification rate and
sensitivity than those of <15 min group. This result sug-
gests that it is very important to control the time per-
forming SLN biopsy because there will not be sufficient
visualization of SLNs and lymphatic basins if researchers
do biopsy in a hurry. However, the dye may diffuse and

Table 3 Results of subgroup analyses

Number of studies Identification rate (95% CI) P Sensitivity (95% CI) P

Preoperative T stage

cT1 12 0.979 (0.923–1.035) 0.00 0.861 (0.786–0.917) 0.22

cT2 2 0.963 (0.751–1.176) 0.00 0.943 (0.808–0.993) 0.51

Number of SLNs

<5 11 – – 0.839 (0.760–0.900) 0.07

≥5 8 – – 0.944 (0.882–0.979) 0.84

Method of SLN biopsy

Pick up 13 0.973 (0.959–0.988) 0.01 0.869 (0.810–0.915) 0.11

Basin dissection 6 0.949 (0.925–0.974) 0.66 0.959 (0.860–0.995) 0.39

Type of dual tracers
99mTc tin colloid + isosulfan blue 3 0.971 (0.960–0.982) 0.77 0.884 (0.810–0.937) 0.07
99mTc tin colloid + ICG 3 0.889 (0.779–1.000) <.001 0.826 (0.612–0.950) 0.34
99mTc tin colloid + patent blue violet 5 0.962 (0.933–0.992) 0.93 0.880 (0.688–0.975) 0.31
99mTc-HSA + ICG 2 0.932 (0.890–0.977) 0.62 1.00 (0.735–1.000) >0.99
99mTc-antimony sulfur colloid + ICG 2 0.932 (0.882–0.985) 0.38 1.00 (0.846–1.000) >0.99

Time performing SLN biopsy after dye injection

≥15 min 9 0.973 (0.958–0.989) 0.10 0.952 (0.898–0.982) 0.71

<15 min 10 0.962 (0.939–0.986) 0.03 0.810 (0.719–0.882) 0.33

Method for intraoperative histological evaluation of SLN

HE 7 – – 0.908 (0.849–0.950) 0.11

HE + IHC 8 – – 0.864 (0.750–0.940) 0.08

Methods of surgery

Opening surgery 7 0.976 (0.965–0.988) >.99 0.867 (0.786–0.925) 0.06

Laparoscopic surgery 10 0.939 (0.907–0.972) 0.04 0.909 (0.813–0.969) 0.13

Country

Japan 12 0.980 (0.973–0.988) 0.54 0.896 (0.837–0.939) 0.31

Not in Japan 7 0.934 (0.891–0.978) 0.01 0.873 (0.773–0.940) 0.03

Year of studies

≥2013 7 0.976 (0.963–0.990) 0.06 0.905 (0.843–0.949) 0.15

<2013 12 0.955 (0.931–0.980) 0.07 0.864 (0.774–0.928) 0.11

SLN sentinel lymph node, P P value of heterogeneity, CI confidence interval, ICG indocyanine green, 99mTc-HSA T99mc-human serum albumin, HE hematoxylin eosin,
IHC immunohistochemistry
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saturate the tissues which will make mapping difficult if
it takes more than 20 min after dye injection [39, 40]. As
for radioactive tracer, 99mTc-tin colloid has been re-
ported to be injected ranging from 2 h to the day before
surgery while 99mTc-human serum albumin is usually
injected less than 30 min before surgery due to its small
particle size [20].
In the meta-analysis by Ryu et al., sensitivity was found

to depend significantly on the number of SLNs that were
harvested [41]. Our result is consistent with the conclu-
sion of this previous meta-analysis, as the pooled sensi-
tivity for SLN number ≥5 group showed a significantly
higher sensitivity than did the SLN number <5 group.
These results can be explained by the complicated

lymphatic drainage system of the stomach. Thus, as
many SLNs as possible are necessary in the clinical ap-
plication of SLN biopsy in gastric cancer.
Two methods to retrieve SLNs have been reported: the

pick-up method and the basin dissection method. The
gastric lymphatic basins were divided into five different
directions along the main arteries. The dissected lymph-
atic basins contain lymph nodes and lymphatic vessels
that are hot or stained with dye [20, 42]. Our subgroup
analysis found that the basin subgroup had a much
higher sensitivity than those of the pick-up group. This
factor may be explained by the following reasons: when
the lymphatic duct was dyed with invisible SLNs, basin
dissection may solve this problem. And when SLNs are

Fig. 6 Funnel plot of the identification rate

Fig. 7 Funnel plot of sensitivity
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undetectable as the hot areas of them are close to the
primary tumor, basin dissection may decrease false-
negative rate. Moreover, a previous study also showed
that more SLNs can be found using basin dissection
than the pick-up method [25].
Our subgroup analysis showed that the sensitivity of

the HE and IHC combined intraoperative pathologic
detection method was lower than that of the HE alone
group. This result is different from the result of a previ-
ous meta-analysis by Wang et al., who found the sensi-
tivity of SLN biopsy by HE and IHC to be higher than
that by HE alone (80.8 vs 73.7%) [32]. And the inverse
result is explained by the following reasons: in the study
by Kitagawa et al. which was classified as the HE sub-
group, it was reported in the final result that only four
false-negative cases were observed. However, it was also
reported in the paper that this final result excluded nine
patients who showed sentinel nodes negative in intraop-
erative examinations but positive in postoperative exami-
nations of permanent tissue sections [20]. When it takes
the sensitivity of intraoperative pathologic detection by
frozen tissue sections into account, the pooled sensitivity
of HE alone is 84.5%. And this is lower than the HE and
IHC combined subgroup whose pooled sensitivity is
86.4%. Therefore, it is very important to improve the
diagnostic accuracy of intraoperative pathologic exami-
nations of frozen tissue sections. Except for combination
of the HE and IHC method, multistep level sections, re-
verse transcription polymerase chain reaction (RT-PCR),
and the one-step nucleic acid amplification assay
(OSNA) have all been developed to improve the sensitiv-
ity of intraoperative pathologic diagnosis and detect SLN
micrometastases. Moreover, many of these novel
methods can be completed in 30 min which is conveni-
ent for intraoperative application [43].
Our subgroup analysis showed that the laparoscopic

SLN biopsy got lower identification rate than the open-
ing SLN biopsy. And this result may be due to the lim-
ited operation space and insufficient experience of
surgeon when conducting laparoscopic SLN biopsy [44].
Despite these shortcomings, our subgroup analysis dem-
onstrated that the sensitivity of the laparoscopic SLN
biopsy was higher than the opening SLN biopsy. This
may be explained by the more detailed observation with
visual magnification during laparoscopic SLN biopsy
[45]. Moreover, it was reported by previous study that
laparoscopic surgery could decrease operative blood loss
and hospital stay time as well as increased postoperative
quality of life in gastric cancer patients compared with
opening surgery [46]. We can anticipate that the laparo-
scopic SLN biopsy will have more and more advantages
over opening SLN biopsy with the development of lap-
aroscopic instruments as well as the improvement of
experience of surgeons.

We assumed that the experience of surgeons and the
application of dual-tracer-guided SLN biopsy would have
improved with time. Thus, we set the year 2013 as the
cut-off point to differentiate later and earlier studies. Im-
proved identification rate and sensitivity were seen in
the ≥2013 year subgroup. It was reported that sensitivity
ranging from 90 to 95% was recommended for the feasi-
bility of SLN biopsy clinical application in breast cancer
[47]. As gastric cancer responds less to systemic adju-
vant therapy or radiotherapy than breast cancer, some
investigators argued that sensitivity of SLN biopsy
should be higher for clinical application in gastric cancer
than breast cancer. Therefore, although sensitivity of
dual-tracer-guided SLN biopsy was significantly higher
in the later studies than the earlier studies, the diagnos-
tic performance of it in gastric cancer still need to be
improved before finally putting into clinical application.
Besides, lack of the approved area for injection of radio-
active tracer and special instruments in the general hos-
pitals is also an obstacle for the clinical application of
this technique. Therefore, the single dye ICG-guided
SLN biopsy has also been developed as a promising
technique for gastric cancer recently. With the novel
ICG fluorescence systems such as the D-light P system,
the technique can be used in the room light and the lap-
aroscopic surgery. It was reported in the small-scale
studies that the identification rate and sensitivity of the
technique could reach to 100% [37, 48, 49]. However, a
large-scale multicenter clinical trial by the Japan Clinical
Oncology Group reported that the detection rate of
green nodes was 97%. However, the rate of false-negative
was 46.4% which was surprisingly high [50]. Thus, fur-
ther large-scale trials are needed to evaluate the clinical
efficacy of this single dye method.
There were several limitations in our meta-analysis.

First, the sample sizes of most of the included studies
were small which may cause bias. Second, tumor size,
pathologic type of tumor, and standard of preoperative
clinical tumor stage between studies were not uniform,
and all of which will affect the diagnostic performance
of SLN biopsy. Moreover, all the involved studies are
conducted in Japan and South Korea, and the perform-
ance of it in other countries is uncertain.

Conclusions
The use of dual tracer is excellent and promising in SLN
biopsy in gastric cancer. The accurate T stage before op-
eration is important to optimize SLN biopsy, and the
clinical application of SLN biopsy should be limited to
the patients of cT1N0M0 gastric cancer. Our subgroup
analysis showed that the combination of 99mTc-human
serum albumin and ICG as well as the combination of
99mTc-antimony sulfur colloid and ICG may be the opti-
mal combination. However, it seems not justified to put
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this technique into routine clinical application recently.
Performing SLN biopsy ranging from 15 to 20 min after
dye injection, SLN ≥5, basin dissection, and laparoscopic
surgery can enhance the diagnostic value of this tech-
nique. Besides, it is very important to improve the diag-
nostic accuracy of intraoperative pathologic examinations
of frozen tissue sections. Finally, we hope that more and
more multicenter prospective clinical studies in different
countries will be conducted to confirm the standard pro-
cedures and oncologic outcomes of this technique in the
future.
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