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INTRODUCTIOIN

Ticks, a group of specialized obligate hemophagous ecto-
parasites, parasitize abundant host species and are the vectors 
of wide range of pathogens of veterinary and public health 
importance [1-6]. Recently, they are considered to occupy the 
second place after mosquitoes as vectors of human infectious 
diseases in the world. As of May 31 2015, there were at least 
5,568 cases of human tick-borne diseases reported around 
China, including large number of patients with Lyme diseases 
and newly emerging severe fever with thrombocytopenia syn-
drome [1]. 

China has the complex distributions and the great diversity 

of tick species because of its diverse ecological habitats. Ticks 
in China were reported to be carriers of various human patho-
gens including protozoans and bacterium like Borrelia spp. 
and Richettsia spp. [1,7,8]. Poyang Lake region, belonging to Ji-
angxi (a province of southeastern China), has already recorded 
sporadic human tick-borne diseases and at least 13 tick spe-
cies. Our previous work detected some tick-borne pathogens 
in a few kinds of hosts, such as rodents and dogs in Poyang 
Lake region [4-6]. However, knowledge on tick-borne patho-
gens in tick vectors in this region is limited. Therefore, in this 
study we showed evidence to illustrate the distribution of 
pathogens comprising Borrelia spp., Rickettsia spp., and proto-
zoa in tick vectors from Poyang Lake region in Jiangxi, and 
elucidated its relation with tick species, developmental stage, 
host and vegetation. The results will be a basis for future epi-
demiological studies and risk assessment of human tick-borne 
pathogens in Poyang Lake region.
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Abstract: Ticks are the vectors of various pathogens, threatening human health and animal production across the globe. 
Here, for the first time we detected Ricketssia spp., Borrelia spp. and protozoan in ticks from Poyang Lake region in Ji-
angxi Province of eastern China. In 3 habitat categories and on 12 host species, 311 ticks from 11 species were collect-
ed. Haemaphysalis longicornis was the predominant species, accounting for 55.63%, followed by Rhipicephalus microp-
lus, Haemaphysalis flava and Ixodes granulatus. Of the collected ticks, 7.07% were positive for tick-borne pathogens, and 
H. longicornis and H. flava were found to be co-infected with Ricketssia spp. and protozoan. H. flava was the most de-
tected positive for tick-borne pathogens, whereas H. longicornis had the lowest infection rate, and the difference in infec-
tion rates between tick species was significant (χ2 =61.24, P<0.001). Furthermore, adult ticks demonstrated remarkably 
greater infection rate than immature ticks (χ2 =10.12, P=0.018), meanwhile ticks on Erinaceidae showed significantly 
higher positivity than ticks collected on other host species (χ2 =108.44, P<0.001). Genetic fragment sequencing and 
analyses showed at least 4 pathogen species presence in ticks, namely Borrelia yangtzensis, Rickettsia slovaca or Rick-
ettsia raoultii related genospecies, Babesia vogeli and Hepatozoon canis or Hepatozoon felis related genospecies. The 
finding indicates that the abundant ticks can carry diverse pathogens in Poyang Lake region, and pathogen infection is 
highly related to species, vertebrate hosts and life stages of ticks.

Key words: Tick-borne pathogens (TBPs), tick, epidemiology, risk factors, Poyang Lake region
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MATERIAL AND METHODS

Study area 
The study had been conducted for 3 years (2013-2015) in 

Poyang Lake region of Jiangxi Province, southeastern China, 
which has altitudes higher than 35 m and lower than 190 m 
above sea level. This area experiences a subtropical climate 
with over than 1,000 mm of annual rainfall, -10˚C of maxi-
mum low temperature and 40˚C of maximum high tempera-
ture. Temperatures usually vary from 10 to 37˚C between May 
and October when tick populations are active. Types of vegeta-
tion cover include mixed broadleaf and coniferous woodland 
and grassland (Table 1). We selected 12 counties in Poyang 
lake region as investigation sites (Table 1). 

Tick collection and identification 
Ticks in vegetation covers were collected by flagging or drag-

ging both at ground level and over and through the vegetation 
with a cotton cloth (100× 60 cm). Each site was visited at least 
3 times to cover all of 3 categories of habitats (grassland, 
woodland, and shrubs). Each habitat category was selected to 
cover a 900-m2 area with many animal trails and tracks. Ticks 
were removed from the cotton cloth every 2 minutes. Ticks 
parasitizing hosts were collected from 24 villages and 12 wild 
animal markets. In villages, domestic animals and fowls were 
restricted by owners for sampling. In markets, wild animal 
bodies were employed for tick collection. Rodentia around vil-
lages were trapped using peanut baited rodent traps for tick 
examination. All the procedures were carried out according to 

ethical guidelines for the use of animal samples permitted by 
Obihiro University of Agriculture and Veterinary Medicine 
(Animal experiment access num: 28-100). The information re-
garding all of the collected specimens, including their location, 
vegetation type, host, number of ticks collected from the body 
of each animal and the date of collection, were recorded. Ticks 
were collected from the entire body of each host into separate 
sample bottle containing 70% ethanol. Standard taxonomic 
keys were used to morphologically identify adults [9]. Larvae 
and nymphs were identified individually based on molecular 
methods [10]. The specimens were kept in 70% ethanol and 
used for further molecular identification and detection of tick-
borne pathogens. 

DNA isolation
Tick specimens immersed in 70% ethanol were air dried, 

and then rinsed in sterile water for 3 times. After rinsed in ster-
ile phosphate-buffered saline, ticks were dried on sterile filter 
paper in a biosafety hood, and individually ground in sterile 
tubes. DNA was extracted using the QIAamp Tissue Kit (QIA-
GEN, Hilden, Germany) according to the manufacturer’s in-
structions. The genomic DNA was stored at 4˚C until used as a 
template in PCR assays. 

Pathogen identification
A total of 3 groups of pathogens were assayed: Borrelia spp., 

Rickettsia spp. and protozoa. A conventional PCR was per-
formed with a set of primers (forward: 5’-ACATATTCAGATG-
CAGACAGAGGT-3’, reverse: 5’-GCAATCATAGCCATTGCAGATT-
GT-3’) designed to amplify the 665-bp flagellin gene of Borrelia 
spp. For citrate synthase encoding gene (gltA), a primer set of 
primer 1 (5’-GCAAGTATCGGTGAGGATGTAAT-3’) and primer 2 
(5’-GCTTCCTTAAAATTCAATAAATCAGGAT-3’) was used and 
expected to yield a 401-bp fragment depending on the Rickettsia 
spp. For amplification of 209-214 bp fragment of 18S ribosomal 
RNA (rRNA) in the protozoa, a set of primers (forward: 5’-GCA- 
TTTAGCGATGGACCATTCAAG-3’, reverse: 5’-CCTGTATTGT-
TATTTCTTGTCACTACCTC-3’) was designed for PCR. PCR re-
agents were used as recommended by the manufacturer (Takara 
Bio Inc., Dalian, China). The amplification for flagellin gene in-
cluded 5 min pre-denaturation at 94˚C followed by 30 cycles of 
denaturation at 94˚C for 30 sec, annealing at 60˚C for 30 sec 
and extension at 72˚C for 1 min, and final extension at 72˚C for 
7 min. The amplifications for 18S rRNA gene in the protozoa 
and gltA gene in the Rickettsia spp. were performed under the 

Table 1. Location and vegetation type of 12 plots sampled in this 
study  

Location Geographic coordinates
Vegetation 

type
Year 

surveyed

Anyi N 28.6173°, W 115.5423° G, S, W 2014, 2015
Wanli N 28.8400°, W 115.7589° W 2014
Xinjian N 28.9800°, W 115.9154° G 2014
Qingyunpu N 28.6389°, W 115.9127° G 2013, 2014
Duchang N 29.2542°, W 116.1946° W 2015
Hukou N 29.7469°, W 116.2330° W 2015
Wuning N 29.2574°, W 115.0986° G, S 2015
Poyang N 29.0000°, W 116.6730° G 2015
Wannian N 28.6899°, W 116.9728° W 2015
Wuyuan N 29.2709°, W 117.75793° G, S, W 2015
Yichun city N 27.5914°, W 114.3252° G, S, W 2015
Xingan N 27.7327°, W 115.3791° G, S, W 2015

W, woodland; S, shrubs; G, grassland. 
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same conditions as flagellin gene except the extension at 72˚C 
for 45 sec for the protozoa and the annealing at 50˚C for 30 sec. 
Positive samples were sequenced to identify potential microbial 
species with a resemblance to known species based on by an 
online software (http://www.bioinformatics.org/sms2/ident_
sim.html).

Sequence analysis 
All obtained sequences were assembled and edited by using 

SeqMan software. We compared them with sequences in the 
GenBank database. We performed multiple sequence align-
ments by using the ClustalX program. Phylogenetic trees were 
constructed by using the Neighbor-Joining (NJ) algorithm in 
the MEGA v.7.0.26 software. Support for the tree nodes was 
calculated with 1,000 bootstrap replicates.

Data analyses
All the raw data were collated in Excel spreadsheets. The dif-

ferences in infection rates of ticks at species levels, at develop-
mental stages, on hosts, in habitat categories, and the difference 
in infection rates of ticks collected in vegetation covers and on 
hosts were evaluated using Chi square (http://quantpsy.org). In 
the 2× 2 case of the chi-square test of independence, if expected 
frequencies is less than 5, Yates' correction is employed [11].

RESULTS

Tick samples
A total of 311 ticks belonging to 5 genera and 11 species were 

collected from 5 species of domestic animals (Canis familiaris, 

Capra aegagrus hircus, Bos spp., Bubalus bubalis, and Equus ferus), 
5 species of wild animals (Lepus sinensis, Erinaceidae, Apodemus 

agrarius, Rattus norvegicus, Rattus rattoides), a species of bird 
(Phasianus colchicus) and a species of chicken (Gallus gallus do-

mesticus), in 2 kinds of vegetation types from 12 locations in 
Poyang Lake region (Table 1). L. sinensis harbored abundant 

Table 2. Summary of species and number of ticks collected from hosts and by flagging over vegetation cover

Vegetation covers/Animal hosts Tick species
No. of ticks collected

Densitya

L N A

Woodland (a=800 m2) Haemaphysalis longicornis
Dermacentor auratus

0
0

0
0

2M
1M

0.0038

Grassland (a=800 m2) H. longicornis 3 34 5M6F 0.06
Subtotal (a=1,600 m2) - 3 34 8M6F 0.032
Canis familiaris (n=24) H. longicornis

R. sanguineus
0
0

5
0

4M25F
1M8F

1.79

Capra aegagrus hircus (n=44) H. longicornis
Haemaphysalis flava
Rhipicephalus microplus

0
2
0

2
2
8

0
3M1F
6M11F

0.80

Bos spp. (n=13) H. longicornis
R. microplus

1
0

8
20

0
8M19F

4.31

Bubalus bubalis (n=7) H. longicornis
R. microplus
Amblyomma testudinarium

0
0
0

0
0
0

1F
5F
1F

1

Phasianus colchicus (n=5) Haemaphysalis phasiana 0 5 0 1
Lepus sinensis (n=22) H. longicornis

Ixodes acuminatus
Ixodes sinensis
Rhipicephalus haemaphysaloides

57
0
0
3

12
0
0
0

5M1F
1F

2M2F
0

3.77

Erinaceidae (n=3) H. flava 0 1 3M9F 4.33
Apodemus agrarius (n=206) Ixodes granulatus 0 0 1M4F 0.02
Rattus norvegicus (n=95) I. granulatus 0 0 3M1F 0.04
Rattus rattoides (n=8) I. granulatus 0 5 2M 0.88
Equus ferus (n=6) H. longicornis 0 0 1F 0.17
Gallus gallus domesticus (n=30) H. longicornis 1 0 0 0.03
Subtotal (n=463) - 64 68 38M90F 0.56
Total (n=463; a=1,600 m2) - 67 102 46M96F -

L, larvae; N, nymph; A, adult; M, male; F, female. 
aTick population density is denoted as ticks/hosts for ticks on hosts, ticks/m2 for ticks collected from vegetation covers.
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ticks such as Haemaphysalis longicornis, Ixodes acuminatus, Ixodes 

sinensis and Rhipicephalus haemaphysaloides, with the third high-
est tick population density of 3.77 ticks per a host. Hosts with 
the first highest and second highest tick loads were Erinaceidae 
(4.33 ticks per host) and Bos spp. (4.31 ticks per host), respec-
tively. Other hosts with higher tick abundance were B. bubalis 
and C. aegagrus hircus, harboring 3 tick species. Sixty-seven fe-
male (14.79%) and 102 male (30.87%) adult ticks were ob-
tained. Sixty-seven larvae and 102 nymphs accounted for 
21.54% and 32.80% of the total number of ticks collected re-
spectively. Of the 11 tick species collected, 3 species belonged to 
the genus Haemaphysalis, 3 species belonged to the genus Rhipi-

cephalus, 3 species belonged to Ixodes, 1 species belonged to Der-

macentor, and 1 other species belonged to the genus Amblyom-

ma. The most abundant species was H. longicornis (55.63%), 
found in a kind of vegetation cover and infesting the most di-
verse host species (7 species). Three other common species in-
cluded H. flava, R. microplus and I. granulatus (Tables 2, 3).

Pathogen infections in ticks
Protozoa, Borrelia spp. and Rickettsia spp. were detected in 4 

tick species. Overall, 7.07% of ticks were tested positive for at 
least 1 pathogen. In detail, 2.31% of H. longicornis were detect-
ed positive for Rickettsia spp., or/and Protozoa, 18.75% of I. 
granulatus for Borrelia spp., 52.38% of H. flava for protozoa or/
and Rickettsia spp. and 5.19% of R. microplus for protozoa. In-
fection rate in H. flava was significantly greater than that in H. 

longicornis (χ2 = 61.24, P < 0.001). Coinfection with protozoa 
and Rickettsia were found in H. longicornis and H. flava, with 
coinfection rate of 0.58% and 47.62%, respectively. There was 
no positive samples found in 7 tick species (H. phasiana, I. 

acuminatus, R. sanguineus, R. haemaphysaloides, I. sinensis, A. tes-

tudinarium and D. auratus) (Table 3).

The effect of risk factors on the pathogen distribution
The overall prevalence of pathogens in larvae, nymphs, male, 

and female ticks were 1.49%, 2.94%, 10.87%, and 13.54%, re-
spectively. There was major difference in the prevalence of 
these pathogens between immatures (larvae and nymphs) and 
matures (males and females) (χ2 = 10.12, P = 0.018). However, 
there was no significant difference in prevalence of these 
pathogens in ticks among host species and vegetation, al-
though the positive rate of pathogens in ticks collected from 
hosts was approximately 2 times more than that collected by 
flagging over vegetation (χ2 = 0.44, P = 0.51). Prevalence of 
these pathogens in ticks collected from Canis familiaris, C. ae-

gagrus hircus, Muridae and Erinaceidae were 4.65%, 11.43%, 
18.75%, and 84.62%, respectively, and ticks on Erinaceidae 
were at significantly higher risk for pathogen infection com-
pared to ticks on other hosts (χ2 = 108.44, P < 0.001). There was 
no positive ticks found on other host species. Prevalence of 
these pathogens in ticks in grasslands and woodland were 
2.08% and 0, respectively, and there was on significant differ-
ence (χ2 = 1.37, P = 0.24) (Table 4). 

Pathogen identification and sequence analyses 
Further sequencing and sequence alignment showed that 1 

Borrelia species (Borrelia yangtzensis), 2 protozoan species (Babesia 

vogeli and Hepatozoon canis or Hepatozoon felis related geospe-
cies), and 1 Rickettsia species (Rickettsia slovaca or Rickettsia raoul-

tii related genospecies) were successfully sequenced from 4 tick 
species. The 665-base pair sequence of Borrelia spp. flagellin 
gene (MG717513) yielded in the study was 99.21-99.37% iden-
tical to other 2 sequences of MG717514 and MG717515 pro-

Table 3. Pathogen infection rates in ticks collected in Poyang Lake region

Tick species (number collected) Borrelia Rickettsia Protozoa
Protozoa+
Rickettsia

Infection rate 
(%)

χ2 P-value

Haemaphysalis longicornis (n=173) 0 4 (2.31) 1 (0.58) 1 (0.58) 4 (2.31) 61.24 <0.001
Ixodes granulatus (n=16) 3 (18.75) 0 0 0 3 (18.75)
Haemaphysalis flava (n=21) 0 11 (52.38) 10 (47.62) 10 (47.62) 11 (52.38)
Rhipicephalus microplus (n=77) 0 0 4 (5.19) 0 4 (5.19)
Haemaphysalis phasiana (n=5) 0 0 0 0
Ixodes acuminatus (n=1) 0 0 0 0
Rhipicephalus sanguineus (n=9) 0 0 0 0
Rhipicephalus haemaphysaloides (n=3) 0 0 0 0
Ixodes sinensis (n=4) 0 0 0 0
Amblyomma testudinarium (n=1) 0 0 0 0
Dermacentor auratus (n=1) 0 0 0 0
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duced in the study. When compared to other fragments depos-
ited in GenBank, MG717513 showed 98.73-98.89% identity to 
B. yangtzensis (EU135599, EU135601, and EU135602), 98.57-
98.73% identity to Borrelia valaisiana (AB022134 and AB022135), 
and 95.25% identity to Borrelia burgdorferi sensu lato (X75202, 
X63413, and D63364). Therefore, 3 individuals of Borrelia spp. 
in the study were identified as B. yangtzensis or B. yangtzensis-re-
lated species. In Rickettsia spp., the 401 base-pair sequence of 
gltA gene (MG717516) obtained in a H. longicornis tick collected 
in grassland was 100% identical to the sequences of gltA gene 
isolated from 2 H. longicornis ticks (MG717517 and MG717523) 
on C. familiaris and 10 H. flava ticks on Erinaceidae (MG717518-
MG717522, MG717524-MG717528), and 96.26% identical to 
the sequence in a H. flava tick on Erinaceidae (MG717529) (Ta-
ble 5; Fig. 1). Our 13 sequences (MG717516-MG717528) showed 

99.75% identity to the sequences of R. raoultii (MF002517) and R. 

slovaca (MF002529) deposited in GenBank, in addition, 1 re-
maining sequence (MG717529) presented 96.01% identity to R. 

raoultii and R. slovaca. The Rickettsia spp. pathogens in the study 
were identified as R. raoultii or R. slovaca related genospecies. Of 
15 protozoa-positive specimens for amplification of 209-214 
base-pair 18S ribosomal RNA by means of PCR method, 2 
specimens were successfully sequenced (Table 5). The closest 
matches of 209 base-pair 18S ribosomal RNA of protozoa in 
our study were B. vogeli isolated in dogs from Jiangsu, China 
(MG586235, 100%), Serbia (KY747491, 100%), and Argentina 
(KY290978, 99%), and in R. sanguineus from India (MG050159, 
100%) and from Australia (MG758132, 100%), in Haemaphysa-

lis concinna from Czech Republic (KX8 57477, 100%). The 214 
base-pair 18S ribosomal RNA of protozoa (MG675579) isolat-

Table 5. Pathogens in ticks collected from different hosts in different locations 

Pathogens
Ticks species 
(No. positive)

Host species Sampling site
GenBank 

accession No.

Borrelia B. yangtzensis I. granulatus (1♂1♀)
I. granulatus (1N)

R. norvegicus
R. rattoides

Anyi
Anyi

MG717514-MG717515
MG717513

Rickettsia R. raoultii or R. slovaca 
 related genospecies
  
  
Rickettsia sp.

H. longicornis (2♀)
H. longicornis (1♀)
H. flava (1N3♂1♀)
H. flava (1♂5♀)
H. longicornis (1L)

Canis familiaris
Grassland
Erinaceidae
Erinaceidae
Grassland

Xinjian, Poyang
Qingyunpu
Hukou
Hukou
Qingyunpu

MG717517, MG717523
MG717516
MG717518-MG717522
MG717524- MG717529

-
Protozoa Babesia vogeli

Babesia sp.
  
Hepatozoon canis or Hepatozoon felis 
 related genospecies

H. flava (1♂)
H. flava (9♀)
R. microplus (1N3♀)
H. longicornis (1♀)

Erinaceidae
Erinaceidae
Capra aegagrus hircus
Grassland

Hukou
Hukou
Yichun
Qingyunpu

MG675580
-
-

MG675579

Table 4. Comparison of difference of collected ticks and positive rates of pathogens among ticks by life stage, host species and vegeta-
tion type

Group Sampled ticks
Positive ticks

χ2 P-value
No. %

Life stage Larvae
Nymph
Male
Female

67
102
46
96

1
3
5

13

1.49
2.94

10.87
13.54

10.12 0.018

Vegetation type Grassland
woodland

48
3

2
0

4.17
0.00

1.37 0.24

Host Muridae
Canis familiaris
Capra aegagrus hircus
Lepus sinensis
Erinaceidae
Bubalus bubalis
Bos spp.
Phasianus colchicus

16
43
35
83
13
7

56
5

3
2
4
0

11
0
0
0

18.75
4.65

11.43
0.00

84.62
0.00
0.00
0.00

108.44 <0.001

Vegetation vs host Vegetation
Host

51
260

2
20

3.92
7.69

0.44 0.51
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ed in H. longicornis from grassland in the study showed 94.86% 
to H. canis (MG917719 and MG209594) and H. felis 
(KU232308), 92.99% identity to Hepatozoon ursi (KU232308), 

hence we proposed the protozoan as H. canis or H. felis related 
genospecies. R. slovaca or R. raoultii related genospecies was 
most frequently identified (14 times, 3 from the tick H. longicor-

nis, 11 times from the tick H. flava), followed by B. yangtzensis 
(triple from I. granulatus). The other 2 protozoan species were 
detected only once. Twenty one of the 33 detections of patho-
gens were on H. flava collected from Erinaceidae (Table 5). 

For phylogenetic analyses, 3 sequences of B. yangtzensis fla-

gellin gene obtained from I. granulatus belonged to the same 
cluster where they shared with the strain QLZSP, QSYSP, and 
QTMP2 of B. yangtzensis and strain CKA3a and CMN1b of B. 

valaisiana (Table 5; Fig. 2). The sequences of R. raoultii or R. 

slovaca related Rickettsia spp. (MG717516-MG7175129) were 
clustered with those of R. raoultii (MF002517) and R. slovaca 
(MF002529) (Fig. 2). 

DISCUSSION

In Poyang Lake region, the common animals and birds with 
potential for tick parasitism and easy to contact human were C. 

familiaris, C. aegagrus hircus, A. agrarius, R. norvegicus, G. gallus 

domesticus, and L. sinensis, accounting for over 90% of hosts 
captured. Rodents like A. agrarius and R. norvegicus were 
trapped with large number, but a few ticks were found, where-
as B. yangtzensis was occasionally detected in ticks removed 
from the rodents. B. yangtzensis, a Borrelia species in the B. burg-

Fig. 2. Molecular phylogenetic tree of the Borrelia agent. The aligned nucleotide sequence of flagellin gene was subjected to analysis. 
Bootstrap 1,000 replicates are showed at the nodes. Scale bars indicate nucleotide substitutions per sites. Borrelia sinica is used as 
outgroups. (▲) prior to accession numbers are the sequences in the study.

Fig. 1. Phylogenetic tree of Rickettsia spp. based on gltA gene. 
The trees were calculated by the neighbor-joining method using 
MEGA v.7.0.26 software. Values of the bootstrap support of the 
particular branching calculated for 1,000 replicated are indicated 
at the nodes. The variant sequences obtained from GenBank are 
designated by accession number and species. Rickettsia australis 
is used as outgroup. (●) denotes sequences of R. slovaca or R. 
raoultii related genospecies obtained in the study.
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dorferi complex was originally discovered in Chinese Yangtze 
River Valley region in 2015, and it was reported in H. longicor-

nis and I. granulatus ticks from small mammals in China and 
isolated in rodents or shrews in Japan [12]. However, B. yangt-

zensis was not detected in H. longicornis albeit greater than 50% 
ticks collected in the study were H. longicornis. The reason, we 
guessed, might be that H. longicornis was not an efficient vec-
tors of B. yangtzensis, hence the pathogen was rarely presented 
in the ticks. Poyang Lake region belongs to part of Yangtze Riv-
er Valley region, and has similar distribution pattern of ticks 
and tick related small mammals to other parts of Yangtze River 
Valley region, therefore B. yangtzensis can also be found in I. 
granulatus collected in rodents in our study. The sequences of 
flagellin gene in B. yangtzensis in the study showed higher iden-
tity to B. valaisiana than to other known Lyme Borreliosis group 
spirochaete species, which was in agreement with the previous 
study [12].

Despite some L. sinensis were majorly tick infested, patho-
gens were not found in those ticks. We had 3 Erinaceidae 
hosts, and found diverse pathogens like R. slovoca or R. raoultii-
like genospcies and Babesia spp. in attached ticks with high in-
fection rate. Ticks on Erinaceidae might serve as vectors within 
Erinaceidae populations in this region, thus readily leading to 
high infection rate. This increases the chance that ticks trans-
port pathogens from a natural hedgehog cycle to other hosts, 
including humans [13]. C. familiaris, usually functioning as a 
guard dog and a pet in investigated sites, were closely related 
to human, furthermore, some ticks on dogs in our study were 
positive for R. slovoca or R. raoultii related genospcies which is 
likely considered as human pathogen. Dogs, incidental hosts 
for the agent of spotted fever group, can become infected by a 
bite of ixodid ticks, and then transmit the pathogens to hu-
man [14]. Therefore, people should avoid contact with such 
dogs and ticks. 

In this study, 11 tick species were collected, with H. longicor-

nis acting as the predominant species, and other common ticks 
included H. flava, R. microplus and I. granulatus. These com-
mon tick species were also reported in other subtropical re-
gions of China like Zhejiang and Hubei [15]. Our findings in-
dicated that H. flava and H. longicornis were the ticks frequently 
detected positive for presence of R. raoultii or R. slovoca related 
genospecies. R. raoultii and R. slovoca were reported as human 
pathogenic agents [3,16,17]. Previous researches showed that 
R. raoultii had been reported in northern regions of China 
[3,7], and R. slovaca recorded in Europe and Xinjiang, China 

[7,16,17]. Although natural infection with tick-borne patho-
gens occurs [1], other tick species like R. sanguineus, R. haema-

physaloides, I. sinensis, and A. testudinarium were tested negative 
for Borrelia spp., Rickettsia spp. and protozoa infection in our 
study. The possible reason might be because of a few numbers 
of ticks collected and thus decreasing the probability of patho-
gen detection. 

Compared to immature ticks, mature ticks tended to patho-
gen infection, furthermore, we found that females had compa-
rable positivity rate with males. In contrast, a study conducted 
in Europe showed higher pathogen infection rate in imma-
tures than matures [18]. Our study demonstrated that relative-
ly high infection rate were determined in adult ticks collected 
from hedgehogs. The result suggests hedgehogs functioning as 
important pathogen reservoirs, and corresponds with a previ-
ous indication that several species of birds played a role as 
Lyme disease spirochetal reservoirs infective to ticks [18]. 
Therefore, in some cases, positivity rate is not depended by tick 
developmental stage but by which reservoir hosts that ticks at-
tach to. For vegetation types, grassland sheltered more ticks 
than woodland and shrubs, and there were some ticks infected 
with R. slovaca or R. raoultii related genospecies in grassland. 
However, non-infected ticks were found in woodland, in con-
trast to more than 6 tick-borne pathogens infection in ticks 
from French suburban woodland [19]. Workers and visitors 
for travelling in the field should pay more attention to quest-
ing ticks in grassland in prevention of occurrence of tick-borne 
diseases. In addition, people in this region should keep a dis-
tance from hosts with tick infestation, especially the hosts with 
high risk for human tick-borne pathogens including hedge-
hogs, dogs and rodents. 
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Abstract
In recent years, a large effort has been made for tick surveys for public health importance 
around China, especially after outbreaks of severe fever with thrombocytopenia syndrome 
(SFTS) occurred in humans in 2009. In this paper, the preliminary species composition 
and population distribution of ticks in Jiangxi Province of Eastern China is reported. 
Ticks were collected in three habitats (grassland, shrubs and woodland) and from nine 
host groups in 12 sampling sites throughout Jiangxi Province between 2011 and 2018. Six 
tick species including Haemaphysalis longicornis, Rhipicephalus sanguineus sensu lato, 
Haemaphysalis yeni, Haemaphysalis kitaoka, Ixodes sinensis and Dermacentor auratus 
were collected from the vegetation. Haemaphysalis longicornis was most abundant tick 
species, accounting for 90.6% of the total ticks. Haemaphysalis yeni and H. kitaoka were 
newly recorded tick species in Jiangxi Province. Tick presence was remarkably greater in 
grassland (89.4%) than in woodland (9.4%) and shrubs (1.2%), and nymphs (68.2%) and 
larvae (19.1%) were more frequently found than adult females (6.6%) and males (6.0%). 
On hosts, a total of 1513 ticks, from 13 species and four genera, were collected. These 
were H. longicornis, Haemaphysalis campanulata, Haemaphysalis flava, Haemaphysalis 
phasiana, H. yeni, H. kitaoka, Haemaphysalis hystricis, R. sanguineus (s.l.), Rhipicepha-
lus haemaphysaloides, Rhipicephalus microplus, Ixodes granulatus, I. sinensis and Ambly-
omma testudinarium. Amblyomma testudinarium was a newly recorded tick species in 
Jiangxi Province. Based on this investigation, H. longicornis was the most frequently col-
lected species (30.5%) and widely distributed tick species of the total collection ticks (in 11 
sampling sites). Haemaphysalis longicornis had a broad host range and its presence (hosts 
with at least one tick) was significantly greater on Lepus sinensis (33.3%) than on Canis 
familiaris (2.3%) (χ2 = 23.68, p = 0.0013). In addition, the number of H. longicornis col-
lected on L. sinensis (64.0%) was higher than on other host groups. Of all ticks collected on 
hosts, different developmental stages were obtained, which included 347 larvae (22.9%), 
249 nymphs (16.5%), 404 adult males (26.7%) and 513 females (33.9%) and sex distribu-
tion was relatively uniform. These data indicate that a broad range of tick species is widely 
distributed throughout Jiangxi Province in Eastern China.

Keywords Species composition · Population distribution · Ixodid ticks · Jiangxi · Eastern 
China
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Introduction

Ticks can transmit a great variety of pathogenic micro-organisms including protozoan, 
viral and bacterial agents (Zheng et al. 2017a, b, 2018; Wu et al. 2013). They are surpassed 
only by mosquitoes as arthropod vectors for transmitting human diseases and have gained 
enormous notoriety for affecting animal production in the world (Goodman et al. 2005). 
Most ticks falling into two families: the hard ticks (Ixodidae) and the soft ticks (Argasidae), 
are widely distributed in five continents around the globe. The world’s hard ticks comprises 
244 species in the genus Ixodes, 167 species in the genus Haemaphysalis, 132 species in 
the genus Amblylomma, and 148 species in the genera Anomalohimalaya, Bothriocroton, 
Cosmiomma, Dermacentor, Hyalomma, Margaropus, Nosomma, Rhipicentor and Rhipi-
cephalus in the family Ixodidae (Guglielmone and Nava 2014).

Zoogeographically, China is divided into Palaearctic and Oriental Realm, and has abun-
dant tick species which form approximately 1/8 of tick species worldwide. As of 2009, 
Chen et al. reported that hard tick fauna of this area involving 104 species in the following 
genera: Amblyomma (8 species), Anomalohimalaya (2 species), Dermacentor (12 species), 
Haemaphysalis (44 species), Hyalomma (6 species), Ixodes (24species) and Rhipicephalus 
(8 species) (Chen et al. 2010). To date, 15 hard tick species are recognized in Jiangxi Prov-
ince (Xu et al. 2016, 2017; Zheng et al. 2011; Chen et al. 2010; Liu et al. 2013), which is 
less than one-third of tick species reported in Fujian Province bordered by Jiangxi (Chen 
et al. 2010). There appears to be incomplete investigation in some areas of Jiangxi Prov-
ince. Thus a further investigation is needed in these areas. In the present study, we prelimi-
narily investigated species composition and the distribution of hard ticks from wide range 
of hosts and three types of habitats in whole region of Jiangxi Province of Eastern China.

Methods and materials

Investigation site

We established 12 sampling sites in nine counties and three cities in Jiangxi Province, 
including Hukou, Wuning, Duchang, Jing’an, Nanchang, Wuyuan, Poyang, Wannian, 
Xingan, Yichun, Xinyu and An’yuan from 2011 to 2018 (Fig.  1). Jiangxi experiences a 
subtropical climate with over than 1000 mm of annual rainfall, − 5 °C of maximum low 
temperature and 38 °C of maximum high temperature. Types of vegetation cover include 
mixed broadleaf and coniferous woodland, shrubs and grassland. Woodland mainly 
involves the trees from the family of Pinaceae, Taxodiaceae Fagaceae, Theaceae, Laura-
ceae and Hamamelidaceae, and other trees such as Sassafras tsumu and Acer spp. are occa-
sionally observed. The predominant shrub species are Quercus fabri, Castanea sequinii, 
Adinandra millettii, Lindera aggergata, Vaccinium bracteatum, Actinidia chinensis, Dal-
bergia hupeana, Rhus chinensis, and Rhododendron simsii in Shrubs. Grassland is domi-
nated by Eleusine indica, Conyza Canadensis, Cynodon dactylon, Setaria viridis, Avena 
fatua, Artemisia argyi, Imperata cylin drical, Humulus scandens, Erodium stephanianum 
and Galium aparine.
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Tick collection

Tick investigations in vegetation covers and on hosts were both conducted 8 times (one 
time a year during 2011–2018) in Nanchang, 2 times (one time in the year 2015 and other 
time in the year 2018) in Yichun, once in the remaining places (the year 2015 or 2018).

Each investigation of ticks in vegetation covers involved three categories of habitats 
(grassland, woodland, and shrubs), and each habitat category was selected in a 900-m2 area 
with many animal trails and tracks. Ticks were collected by flagging or dragging both at 
ground level and over and through the vegetation and were checked every 2  min; Ticks 
from hosts were collected from two villages and one wild animal market in each investiga-
tion. In villages, domestic animals and fowls were restricted by owners for sampling. In 
markets, wild animal bodies were employed for tick collection. Rodentia around villages 
were trapped using peanut baited rodent traps for tick examination. All the procedures were 
carried out according to ethical guidelines for the use of animal samples permitted by Obi-
hiro University of Agriculture and Veterinary Medicine (Animal experiment access num: 
28–100). The information regarding all of the collected specimens, including their loca-
tion, vegetation type, host, number of ticks collected from the body of each animal and the 
date of collection, were recorded. Tick were collected from the entire body of each host 
into separate sample bottle containing 70% ethanol.

Fig. 1  Map of Jiangxi Province. Stars indicate investigation sites in the study. Hukou county (HK), Wuning 
county (WUN), Duchang county (DC), Wuyuan county (WY), Jing’an county (JA), Poyang county (PY), 
Nanchang city (NC), Wannian county (WAN), Yichun city (YC), Xinyu city (XY), Xingan county (XG), 
Anyuan county (AY)
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Tick count and species identification

After transferred to the laboratory, ticks immersed in 70% ethanol were counted and iden-
tified to species level by morphology according to taxonomic keys (Walker et  al. 2003; 
Estrada-peña et al. 2004; Teng 1978). For damaged samples or immature ticks of different 
species which cannot be distinguished morphologically, polymerase chain reaction (PCR) 
amplification of 680 base-pair sequence of cytochrome oxidase subunit 1 (COI) gene and 
sequencing methods were used for molecular identification (Lv et al. 2014). Briefly, DNA 
was extracted with Dneasy® Blood and Tissue Kit (Qiagen, Germany) from a damaged 
tick, larvae or nymph. The partial fragment of the cytochrome c oxidase subunit I (COI) 
gene was amplified by polymerase chain reaction (PCR) with primers COI-F and COI-R. 
Fifty micro-liter DNA amplified with EX-Taq polymerase (Takara, Dalian, China) from 
all taxa was sent to Shanghai Sangon Biotech for sequencing from both 3′ and 5′ termi-
nals of sequences. The sequences obtained from the sequencing company were discarded 
if spectrum of many nucleotide peaks were undistinguished and overlapped each other, 
or sequence length was < 200  bp. Screened sequences were aligned with the sequences 
deposited in GenBank on the website of National Center for Biotechnology (NCBI). The 
sequences were identified according to taxonomic names assigned to reference sequence 
in GenBank. In the study, 18 sequences were obtained and deposited in GenBank under 
accession number MG721036-MG721053. The fragments MG721036-MG721044 
were identified as Haemaphysalis longicornis, fragments MG721045, MG721046 and 
MG721051 as Ixodes granulatus, fragment MG721047 as Dermacentor auratus, frag-
ments MG721048-MG721050, and MG721053 as Rhipicephalus microplus, and fragment 
MG721052 as Haemaphysalis flava.

Data analyses

All the raw data were collated in Excel spreadsheets. The differences in infestation rate 
of ticks on hosts and prevalence of species specific ticks on hosts were evaluated using χ2 
tests (http://quant psy.org). In the 2⋅2 case of the χ2 test of independence, if expected fre-
quencies is less than 5, Yates’ correction is employed (Preacher 2001).

Results

During the year 2011 and 2018, a total of 680 ticks including 616 H. longicornis (90.6%), 
46 Rhipicephalus sanguineus sensu lato (6.8%), 15 Haemaphysalis yeni (2.2%), one Haem-
aphysalis kitaoka (0.1%), one Ixodes sinensis (0.1%) and one D. auratus (0.1%) were col-
lected from three habitat categories. Of tick species of the total collection ticks in habi-
tats, H. yeni and H. kitaoka were newly recorded tick species in Jiangxi Province and the 
specimens were deposited in Medical Insect Museum of Beijing Institute of Microbiol-
ogy and Epidemiology, Beijing, China. Tick presence was remarkably greater in grassland 
(89.4%) than in woodland (9.4%) and shrubs (1.2%). Nymphs (68.2%) and larvae (19.1%) 
had greater numbers than females (6.6%) and males (6.0%) in three habitat categories, 
and intensity in grassland (nymphs, 68.2%; larvae, 16.9%) was higher than in woodland 
(nymphs, 0; larvae, 2.2%) and shrubs (nymphs, 0; larvae, 0) (Table 1).

In this study, 2151 individuals of hosts involving 9 groups-Rodentia, Canis familiaris, 
Phasianus colchicus, Erinaceidae, Lepus sinensis, Bubalus bubalis, Bos spp., Capra 
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aegagrus hircus and Ovis aries were used for tick examination (Table 2). A total of 1513 
ticks, from 13 species and four genera, were collected on hosts from 12 sampling sites 
in Jiangxi. The 13 tick species included H. longicornis, Haemaphysalis campanulata, H. 
flava, Haemaphysalis phasiana, H. yeni, H. kitaoka, Haemaphysalis hystricis, R. san-
guineus (s.l.), Rhipicephalus haemaphysaloides, R. microplus, I. granulatus, I. sinensis and 
Amblyomma testudinarium. Of tick species of the total ticks collected from hosts, A. testu-
dinarium was newly recorded tick species in Jiangxi Province and the specimen was depos-
ited in Medical Insect Museum of Beijing Institute of Microbiology and Epidemiology, 
Beijing, China. H. longicornis was the most frequently collected species (32%) (Fig. 2) and 
widely distributed tick species of the total collection ticks (in 11 sampling sites) (Table 3). 
R. sanguineus (s.l.) was the second abundant tick species (25%) (Fig. 2) and distributed in 
three sampling sites (Table 3). R. microplus was the second most distributed tick species 
(in four sampling sites) and the third most frequently observed (Fig. 2; Table 3).

The difference in tick infestation rate between host groups was found to be statistically 
significant (p < 0.01) which was higher in L. sinensis (66.7%) and O. aries (52.9%) and 
lower in Rodentia (0.7%). Regarding prevalence of tick species on different hosts, H. lon-
gicornis was present on C. familiaris, P. colchicus, Erinaceidae, L. sinensis, Bos spp., B. 
bubalis, C. aegagrus hircus and O. aries, and the presence (hosts with at least one tick) 
was significantly greater on L. sinensis (33.3%) than on C. familiaris (2.3%) (χ2 = 23.68, 
p = 0.0013). Rhipicephalus sanguineus s.l. presence was significantly higher on O. aries 
(29.4%) than on C. aegagrus hircus (1.2%) (χ2 = 17.37, p = 0.0038). Haemaphysalis flava 
was observed on Erinaceidae and C. aegagrus hircus, however it significantly preferred to 
infest Erinaceidae (28.6%) to C. aegagrus hircus (1.2%) (χ2 = 7.93, p = 0.0049). We also 
found that R. haemaphysaloides had more likelihood to attach to L. sinensis (χ2 = 8.68, 
p = 0.034), R. microplus to Bos spp. (χ2 = 7.34, p = 0.025) (Table  2). Both P. colchicus 
(13.9 ticks/individual) and L. sinensis (16.2 ticks/individual) were tick infested with higher 
burden compared with Rodentia (0.1 ticks/individual) and B. bubalis (0.4 ticks/individual) 
(Table 4).

Tick distribution at different developmental stages was roughly uniform, with larvae 
22.9%, nymphs 16.5%, females 26.7% and males 33.9%. Of three most abundant tick spe-
cies, H. longicornis larvae had an overwhelming number, accounting for 58.8%, and all 
of them were collected from L. sinensis hosts; Nymphs frequently infested P. colchicus 
and adults were found in greater number on C. familiaris and Bos spp. However, over than 
95.0% R. sanguineus s.l. belonged to female and male ticks, most of which were captured 
on C. familiaris and O. aries, and R. microplus distribution at different developmental 
stages was relatively uniform (Table 5).

Table 1  Ticks in vegetation types

a Numbers of ticks are recorded as Larvae/nymphs/males/females

Habit categories R. sanguineus H. longicornis H. yeni H. kitaokai I. sinensis D. auratus

Grassland 0/0/0/2a 464/115/16/10 0/0/0/1
Woodland 0/0/20/20 0/2/3/2 0/13/2/0 0/0/0/1 0/0/1/0
Shrubs 0/0/0/4 0/0/3/1
Total 0/0/20/26 464/117/22/13 0/13/2/0 0/0/0/1 0/0/0/1 0/0/1/0
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Discussion and conclusion

Haemaphysalis longicornis is a kind of hard tick species, widely distributed in East Asia, 
Australia and New Zealand, and sometimes can be found in northernmost regions of Primo-
rye (Northeastern USSR) and Hokkaido of Japan (Hoogstraal et al. 1968). In 2010, Chen 
et al. reported that H. longicornis was widely distributed tick species in various regions of 
China except for Jiangxi Province (Chen et al. 2010). In 2017, Xu et al. informed us of six 
newly reported tick species of Jiangxi, including H. longicornis (Xu et al. 2017). Informa-
tion about H. longicornis presence in Jiangxi Province mirrors either previous incomplete 

Fig. 2  Species composition of ticks infesting hosts. Hl, H. longicornis; Hc, Haemaphysalis campanulata; 
Hf, Haemaphysalis flava; Hp, Haemaphysalis phasiana; Hy, H. yeni; Hk, H. kitaoka; Hh, Haemaphysalis 
hystricis; Rs, R. sanguineus (s.l.); Rh, Rhipicephalus haemaphysaloides; Rm, Rhipicephalus microplus; Ig, 
Ixodes granulatus; Is, I. sinensis and At, Amblyomma testudinarium 

Table 3  Geographical distribution of tick species in Jiangxi Province

+, denotes tick species were recognized in the locality. Cross with a box indicates newly recorded tick spe-
cies in Jiangxi Province

Locality Hl Hc Hf Hp Hy Hk Hh Rs Rh Rm Ig Is At Da

HK + + + +
WUN + +
DC +
WY +
JA + + +
PY +
NC + + + + + + + + + +
WAN + +
YC + + + +
XY +
XG + +
AY + + +
Jiangxi + ⊞ + + ⊞ ⊞ + + + + + + ⊞ +
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tick investigation in the region or H. longicornis distribution expansion in China. There-
fore, we performed the whole region tick investigation to obtain more data on tick species 
and their distribution in the region. Finally, we found that H. longicornis, the dominant 
species in the region, frequently collected in 11 sampling sites ranging from northern and 
southern part of Jiangxi Province, and found in three habitat categories and on L. sinensis, 
P. colchicus, Bos spp. and C. familiaris and, occasionally, on O. aries, C. aegagrus hircus, 
Erinaceidae and B. bubalis, which is in agreement with a former study conducted in some 
place of the region (Xu et al. 2017). Our findings are also consistent with what was previ-
ously reported in South Korea and Western Japan (Iwakami et al. 2014; Park et al. 2014). 
Haemaphysalis longicornis is easily observed in bush habitat and on cattle host. In our 
study, a large number of H. longicornis ticks were collected by flagging over a grassland 
of Nanchang, with some bushes growing in the grassland. In addition, we found that H. 
longicornis frequently infested Chinese hares not cattle in large number. Chinese hares, 
similar to the brown hare in New Zealand (Heath et al. 1987), range extensively and move 
long distance in open land including grassland, shrubs and forestland to facilitate H. lon-
gicornis dispersion. Cattle in sampling sites was grazed in good sanitary condition and 
regularly treated with some acaricides, which majorly reduced possibility of presence of H. 
longicornis on this host. However, above results were based on our primary study and need 
further verification under investigation of more numerous cattle and hares in the future.

Except H. longicornis, there was another abundant tick species R. sanguineus s.l. Previ-
ous data reported that R. sanguineus s.l. was confined to Nanchang, and infested C. aega-
grus hircus and L. sinensis (Xu et al. 2017). Our study verified additional distribution of 
the species in Hukou and Wannian, its presence in woodland, grassland and shrubs, and 
more parasitizing C. familiaris, P. colchicus, O. aries and Bos spp. Canidae are hosts of 
all stages of R. sanguineus s.l. (Guglielmone et al. 2014), however, we only found female 
and male R. sanguineus s.l. on C. familiaris, albeit more than 250 ticks were collected. We 
mainly investigated tick infestation on C. familiaris in May–June in Jiangxi Province, and 
this term corresponded with mating time of the species in the region.

Previous studies indicate that adults (females and males) of some tick species feed 
mainly on medium- and large-sized animals, and the most important hosts for immature 
stages (larvae and nymphs) are small-sized mammals (Yu et al. 2011; Zheng et al. 2012). 
L. sinensis, C. familiaris, P. colchicus, O. aries and Bos spp. represent the main hosts for H. 
longicornis and R. sanguineus s.l. ticks in the current area investigated. Immatures failed to 

Table 4  Tick population densities on different hosts

Host Hosts detected Ticks on the hosts Ticks per a host

Rodentia 1781 145 0.1
C. familiaris 171 341 2.0
P. colchicus 7 97 13.9
Erinaceidae 7 29 4.1
L. sinensis 21 341 16.2
B. bubalis 14 6 0.4
Bos spp 48 333 6.9
C. aegagrus hircus 85 129 1.5
O. aries 17 92 5.4
Total 2151 1513 0.7
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Table 5  The compositions of ticks at different developmental stages on hosts

Tick genus Tick species Hosts Larvae Nymphs Males  Females

Haemaphysalis longicornis C. familiaris 0 (0)a 0 (0) 25 (56.8) 19 (43.2)
C. aegagrus 

hircus
0 (0) 10 (40) 5 (20) 10 (40)

Bos spp. 0 (0) 0 (0) 22 (45.8) 26 (54.2)
B. bubalis 0 (0) 0 (0) 0 (0) 1 (100)
L. sinensis 283 (91.9) 13 (4.2) 3 (1.0) 9 (2.9)
P. colchicus 0 (0) 40 (93.0) 3 (7.0) 0 (0)
Erinaceidae 0 (0) 5 (100) 0 (0) 0 (0)
O. aries 0 (0) 0 (0) 6 (85.7) 1 (14.3)
Sub-total 283 (58.8) 68 (14.1) 64 (13.3) 66 (13.7)

campanulata C. familiaris 0 (0) 8 (38.1) 2 (9.5) 11 (52.4)
C. aegagrus 

hircus
0 (0) 0 (0) 0 (0) 1 (100)

Erinaceidae 0 (0) 0 (0) 4 (57.14) 3 (42.9)
Sub-total 0 (0) 8 (27.6) 6 (20.7) 15 (51.7)

flava Erinaceidae 0 (0) 0 (0) 7 (41.2) 10 (58.8)
phasiana P. colchicus 0 (0) 0 (0) 13 (32.5) 27 (67.5)
yeni C. aegagrus 

hircus
0 (0) 4 (26.7) 6 (40) 5 (33.3)

O. aries 0 (0) 0 (0) 0 (0) 9 (100)
Sub-total 0 (0) 4 (16.7) 6 (25) 14 (58.3)

kitaoka Goat 0 (0) 40 (100) 0 (0) 0 (0)
hystricis Bos spp 0 (0) 0 (0) 2 (66.7) 1 (33.3)

Rhipicephalus sanguineus s.l. C. familiaris 0 (0) 0 (0) 129 (48.5) 137 (51.5)
C. aegagrus 

hircus
0 (0) 0 (0) 0 (0) 1 (100)

Bos spp. 0 (0) 0 (0) 4 (30.77) 9 (69.2)
L. sinensis 0 (0) 1 (25) 3 (75) 0 (0)
P. colchicus 14 (100) 0 (0) 0 (0) 0 (0)
O. aries 0 (0) 0 (0) 48 (63.2) 28 (36.8)
Sub-total 14 (3.7) 1 (0.3) 184 (49.2) 175 (46.8)

haemaphysa-
loides

C. familiaris 0 (0) 0 (0) 8 (80) 2 (20)

C. aegagrus 
hircus

0 (0) 0 (0) 1 (50) 1 (50)

Bos spp. 0 (0) 0 (0) 13 (29.6) 31 (70. 5)
L. sinensis 0 (0) 0 (0) 3 (18.8) 13 (81.3)
Sub-total 0 (0) 0 (0) 25 (34.7) 47 (65.3)

microplus C. aegagrus 
hircus

15 (34.1) 16 (36.4) 7 (15.9) 6 (13.6)

Bos spp. 24 (10.8) 67 (30.0) 44 (19.7) 88 (39.5)
B. bubalis 0 (0) 4 (100) 0 (0) 0 (0)
Sub-total 39 (14.4) 87 (32.1) 51 (18.8) 94 (34.7)

Ixodes granulatus Bos spp. (0) (0) (0) 1 (100)
Rodentia 11 (7.6) 41 (28.3) 42 (29.0) 51 (35.2)
Sub-total 11 (7.5) 41 (28.1) 42 (28.8) 52 (35.6)
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attack large-sized animal like Bos spp. Interestingly, overwhelming matures did not attach 
themselves to small-sized animal like P. colchicus. However, both matures and immatures 
can be simultaneously found on small- and medium-sized animals such as Lepus sinensis. 
Haemaphysalis longicornis and R. sanguineus s.l. follow a three-host life cycle. Immature 
ticks use these hosts only for feeding, while the adults may also apply hosts for seeking a 
mating partner. The different behavior might lead to more host-specific feeding, obviously 
adults for large-sized hosts and immatures for small-sized hosts. In addition, adult ticks 
have larger surface area to volume ratios and are therefore less sensitive to water stress, a 
major cause of mortality in smaller immature ticks. The difference in desiccation resistance 
is reflected by the position where adults and immatures quest for a host. Immatures usually 
stay somewhere near ground where vegetation covers create high humid environment and 
small-size animals are more available. Whereas, adults find potential hosts in higher veg-
etation layers, where they may miss small-sized host species (Esser et al. 2016).

Of the selected 12 sampling sites for tick investigation, there were 10 tick species found 
in Nanchang city, accounting for five-seventh of the total tick species detected. During 
2011–2018, we performed the investigations annually in Nanchang, however, twice in 
Yichun and once in the remaining sampling sites because of lack of human, material and 
financial support. Lower tick species biodiversity may be explained by incomplete investi-
gation in areas outside Nanchang city. Therefore, sampling effort should be increased for 
tick surveillance in other regions of Jiangxi Province to enrich the current data on tick spe-
cies and their distribution in those regions.

Ticks can transmit various pathogen including viruses, protozoan parasites and bacteria. 
Yu et al. listed 51 important vector hard tick species in China in 2015, including 10 tick 
species found in this study, such as I. granulatus, I. sinensis, A. testudinarium, H. lon-
gicornis, H. flava, H. kitaokai, H. yeni, D. auratus, R. microplus and R. sanguineus s.l. 
Haemaphysalis longicornis is the vector of New Bunyavirus and I. granulatus can transmit 
Borrelia burgdorferi, both of which are greatly important pathogens to human health (Yu 
et al. 2015). Therefore, inhabitants in the region should reduce exposure to rodent hosts for 
I. granulatus in residential surrounding, and tourists and workers should keep away from 
hare hosts for H. longicornis in the field, in order to achieve the goal of preventing the 
bite of the two tick species and controlling severe fever with thrombocytopenia syndrome 
(SFTS) and Lyme disease, which were formerly reported in Jiangxi Province (Fang et al. 
2015).

In conclusion, this study has preliminarily shown that like other regions in China, 
Jiangxi may have abundant tick populations. The results presented in this study highlights 

a In parentheses are the percentages of ticks at specific developmental stages

Table 5  (continued)

Tick genus Tick species Hosts Larvae Nymphs Males  Females

sinensis C. aegagrus 
hircus

0 (0) 0 (0) 1 (100) (0)

Bos spp. 0 (0) 0 (0) 1 (100) (0)
L. sinensis 0 (0) 0 (0) 1 (7.69) 12 (92.3)
Sub-total 0 (0) 0 (0) 3 (20) 12 (80)

Amblyomma testudinarium  B. bubalis 0 (0) 0 (0) 1 (100) 0 (0)
Total 347 (22.9) 249 (16.5) 404 (26.7) 513 (33.9)
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tick species composition and their distribution in Jiangxi through an 8-year-long study. 
However, more tick investigations are needed in the areas outside Nanchang city for cre-
ating a full view of tick population distribution in Jiangxi. Further works regarding tick-
borne pathogens detection are recommended in order to better understand the risk posed by 
the presence of tick populations in Jiangxi to human health and animal production.
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1．研究概要（1）

l)目的(Goal)

中国医科大学附属第一医院胸外科（住院医師

東京大学大学院医学系研究科呼吸器外科（

肺がんに対する免疫療法の研究

ImmunotherapyofLungCancer

論文博士 lpl■

）

中島淳教授）

課程博士 ’ 回

Cancerneoantigensrepresentepitopesderivedfiromtumor-specificsomaticmutationsthatareprespntedon
MHCsandhav5emergedaspromisingtargetsfbrpersonalizedcancerimmunotherapy[1]Theirselective
expressionontumorsandlaCkofexpressioninnormalsomatictissuesminimizeimmunetoleranceaswell
astheriskofautoimmunity.Todevelopeffectiveimmunotherapystrategiestargetingneoantigens,we
investigatedtheneoantigenlandscapeinmurinelungcancermodel.

2）戦略(Approach)
WholeexomeSequencingandRNA-SeqanalysiswereconductedonLewislungcarcinomacells(LLC)and
normaltissuesofb57BL/6micefbrtheidentificationofnonsynonymousexpressedmutationsThe

neoepitopeswereprioritizedbytheirexpressionandaffinitytoMHCclasslmolecules.NaivemiCpwere
vaccinatedtwiceWithdendriticcellspulsedwithneoepitopesandimmuneresponsewasmeasuredto
evaluateneoepitopeimmunogenicityafter2weeks.Theselectedhighimmunogenicneoepitopeswere
utilizedfbrfilrthel･assessmentofantitumoreffect.

3）材料と方法(Materialsandmethods)

Animalandcelllines

Six-week-oldfemaleC57BL/6micewerepurchasedfi･omJapanLC(Shizuoka,Japan).Allmicewerekept

inaspecificpathogen-fifeeenvironmentTheLLCcellswereobtainedfifomtheATQCLLCcellg(1*l､0'､6)
wereinoculateds.5.intotheflanksofC57BL/6mice.Tumordiameterwasmeasuredtwiceweeklyandused
tocalculatetumorvolume(mm3)(length*width*height*7t/6)

Neoantigenvaccines

Wedesignedtheneoantigenvaccinesbyselectingthepredictedneoantigensfi･omth.exQmeandRNA
sequenciilgdataobtainedfi･omtheLLCestablishedtumorsNeoepitopeswereprioriti"mn
nohsynoninouscodingmissensemutants,wherethemutantalleleexpressionwas>1FPKMMHCclass!
bindinganalysiswasperfbrmedusingNetMHCpanv2.8

Immunogenlcity

Dendriti5cellsWereculturedandmaturatedfiiomC57BL/6micebonemarrow2weeksbefbrehand

Neoepitopeswerepulsedtomaturedendriticcellsfbr2hoursbefbreiniectionwithaconcentrationof
lug/mlNaivemicewerevaccinatedtwiceon2-weekintervals,andimmuneresponsesweremeasured2
weeksairersecondvaccinationwithintracellularstainingandELISA
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l.研究概要(2)

3）材料と方法(Materialsandmethods)

研究者番号:G4003

LLCmmorchallengeexperiments

Dendriticcellswerepreparedasreferredbefbl℃.2weekslater,weimplantedmicewiththeLLCcellline
subcutaneously(100,0000cellsinthenank),andmeasul℃dtumorsizetwiceaweekbycaliper・Micewere
euthanizedwhenmmorsizereached2000mm3.

4）実験結果(Results)

Weidentified2536MissensemutationsinLLC-ltotally・Ofthese,856weI℃expressed(FPKM≧l).MHC

classlbindingaffinityofthesemutatedpeptideisestimatedbynetMHCpan2.8.First,60mutatedpeptides
withnetMHCscore(IC50)<200nMwereselectedashighaffinitypeptides・Inaddition,68mutatedpeptides
withlC50>200nMandtheratioofwildtocorrespondingmutatedtypepeptideinnetMHCscore>lOwere

includedasmoderateaffinitypeptides.
C57BL/6micewereimmunizedwithdendriticcellspulsedwiththesemutatedpeptides・Antigenicityof

peptideswereevaluatedbylFN-Yproductionofsplenocytesexvivoandafterculturewithcorresponding
peptidesinvitro・Sofar60highaffinityneoepitopesand68moderateaffinityneoepitopeswereanalyzed.
Totally,22mutatedpeptidesinducedneoepitope-specificresponse・However,only7neoepitopesexhibited
weakantitumoreffectwithoutstatisticalsignificance.

5）考察(Discussion)

IFNJYCD8+Tcellsinducedbyneoepitopepeptidescouldbedetectedinsplenocytes,whichareinconsistent
withthefactthattheepitopeswereselectedinsilicofbrhighMHCIbindingaffinity.Positiveantimmor
responsetreatedwithsingleneoepitopepeptidevaccinewereveryweak[2].
OUrsmdysuggeststhatallmutatedpeptidesarenotequallyimmunogenic.Selectionorprioritizationof
neoantigenthatcaninduceanti-mmorresponseiscriticalfbrthedevelopmentofneoantigen-targeting
immunotherapy[3].

Inourfbllowingexperiment,multipleneoepitopesincombinationwithcheckpointinhibitorswillbe
●

perfbnned,sincehighlikelihoodofmmorescapesandexhaustedTcellsexist[4,5].
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Abstract

OBJECTIVES: Depletion in skeletal muscle is closely associated with limited physical ability and high mortality. In this study, we evaluated
the prognostic significance of skeletal muscle depletion in patients with early-stage non-small-cell lung cancer.

METHODS: A retrospective analysis of patients with pathological stages I–II lung cancer, who underwent curative resection between 2009
and 2013, was conducted. The truncal muscle index (TMI) (area/height2) at the first lumbar vertebral level was measured by preoperative
axial computed tomography. Overall survival and recurrence-free survival were compared between the lowest gender-specific quartile of
the TMI and the other quartiles.

†Presented at the 31st Annual Meeting of the European Association for Cardio-Thoracic Surgery, Vienna, Austria, 7–11 October 2017.

VC The Author(s) 2018. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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RESULTS: A total of 314 subjects were included in the study. The cumulative 5-year recurrence-free and overall survival rates were signifi-
cantly shorter in patients with lower TMIs (69% vs 83.5%, P = 0.028; 64.8% vs 80.1%, P = 0.003, respectively). In multivariable models, the
TMI was identified as an independent prognostic factor for overall survival (P = 0.017, hazard ratio 1.84, 95% confidence interval 1.12–
3.05), after adjusting for age, gender, preoperative serum albumin, carcinoembryonic antigen, neutrophil to lymphocyte ratio and patho-
logical stage.

CONCLUSIONS: A low preoperative TMI was associated with a poor postoperative outcome in patients with early-stage non-small-cell
lung cancer. This factor may be included in the preoperative assessment of patients, for whom surgical intervention is considered.

Keywords: Skeletal muscle depletion • Truncal muscle index • Early-stage non-small-cell lung cancer • Prognostic factor

INTRODUCTION

Lung cancer is one of the most frequently diagnosed cancers and
one of the leading causes of cancer mortality in the world [1].
The overall survival (OS) of patients with early-stage non-small-
cell lung cancer (NSCLC; stages I–II) is distinctly better than that
of patients with advanced lung cancer. However, the postopera-
tive prognosis is poor for some patients with early-stage NSCLC
(stages I–II). It refers to both cancer-specific factors and individ-
ual patient characteristics. Poor survival rates due to pathological
subtypes or systemic inflammation were reported in patients
with early-stage NSCLC (stages I–II) undergoing curative surgery
[2–4].

Sarcopenia—the loss of muscle mass and function—has been
clinically identified as a poor predictor [5, 6]. Sarcopenia contrib-
utes to functional decline, disability, injury and mortality. The link
between sarcopenia and poor prognosis was first reported in
patients with non-malignant diseases and in geriatric popula-
tions. Recently, the clinical importance of sarcopenia has also
been increasingly recognized in oncological patients [7, 8]. Low
skeletal muscle—a key and objective component of sarcopenia—
was investigated, and the results indicated a close association
with limited physical ability and high mortality in advanced can-
cers [9]. However, the correlation between low skeletal muscle
and the prognosis of early-stage NSCLC is not well understood.

The present study investigated the truncal muscle area on
chest computed tomography (CT) to determine the impact of
skeletal muscle mass depletion on the prognosis of patients with
stages I–II NSCLC undergoing curative surgery.

MATERIALS AND METHODS

Patients

A retrospective analysis of patients with stages I–II NSCLC who
underwent lobectomy and mediastinal lymph node dissection at
the University of Tokyo Hospital (Tokyo, Japan) from January
2009 to December 2013 was conducted. Eligible patients had
pathological stages I–II NSCLC following surgery. Preoperative
(i.e. within 90 days prior to surgery) chest CT images of the study
population were available for review (Fig. 1).

Data collection

Data collected from inpatient and outpatient records included
demographics [age, gender, body mass index (BMI)], blood count
and serum biochemical data for a week prior to the operation
[leukocytes, neutrophils, lymphocytes, serum albumin (Alb) and
C-reactive protein], tumour-specific data [carcinoembryonic

antigen (CEA)], postoperative complications based on the
extended Clavien–Dindo classification (see Supplementary
Material, Table S1) [10], pathological data [histology and tumour,
node and metastasis (TNM) staging according to the 7th UICC-
TNM classification] and survival data including recurrence-free
survival (RFS) and OS. RFS was defined as the period from the
date of surgery to that of first recurrence or death. OS was
defined as the period from the date of surgery to that of death
(by any cause) or lost follow-up. All patients provided written
informed consent prior to the analyses.

Chest CT examinations were performed using a 64-detector CT
(Aquilion ONE Vision Edition Aquilion PRIME, Toshiba, Japan or
Discovery CT750 HD, General Electric, USA) with a 5-mm slice
thickness. The patients were requested to maintain a supine
position with raised arms and were asked to hold their breath at
deep inspiration during the chest CT examination. The truncal
muscle area at the first lumbar vertebral level (L1) was identified
on a chest CT scan taken prior to surgery (Fig. 2A). The truncal
muscle area, comprising the paraspinal muscles and chest–ab-
dominal wall muscles, was plotted at the transverse process level
of L1 [8] (Fig. 2B). The SYNAPSE VINCENT (Fujifilm Medical,
Tokyo, Japan) image analysis software was used to define the
skeletal muscle area semiautomatically. The skeletal muscle area
was identified and quantified based on Hounsfield unit thresh-
olds (–29 to +150) in square millimetres (mm2) (Fig. 2C).

Figure 1: The study cohort. CT: computed tomography.
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For the calculation of the truncal muscle index (TMI), the
muscle area was divided by the square of height (m2). The lowest
quartile cut-off values of the TMI were used to divide patients
into the low-TMI group and the high-TMI group in the study.
Image analysis was performed without access to information on
surgical outcomes to ensure unbiased measurements and
calculations.

Statistical analysis

All statistical analyses were performed using the SPSS, version
22.0, software (IBM Inc., Armonk, NY, USA). All data are
expressed as the median (interquartile range), with exception of
age, which are presented as the mean [±standard deviation (SD)].
Gender and smoking status are showed as categorical data.
Differences between groups were analysed using the Mann–
Whitney U-test for continuous variables and Pearson’s v2 test for
categorical data. RFS and OS curves were plotted using the
Kaplan–Meier method, and differences were compared using the
log-rank test. Cox regression survival analysis was performed for
the following factors: age, smoking history, BMI, Alb, neutrophil
to lymphocyte ratio (NLR), CEA, pathological stage (p-TNM) and
TMI. Variables with P-value <0.05 in the univariable analysis were
also used for the multivariable analysis. Differences with P-value
<0.05 were considered statistically significant.

RESULTS

Patient characteristics

The clinical and pathological characteristics of 314 patients with
p-stages I–II NSCLC with a mean age of 68.1 ± 10.6 years included
in this study are listed in Table 1. Of them, the majority had
adenocarcinoma (227 patients, 72.3%), followed by squamous
carcinoma (63 patients, 20.1%), large cell carcinoma (4 patients,

1.2%) and other NSCLCs (20 patients, 6.4%), as confirmed by hist-
ology. A total of 59 recurrences and 77 deaths were reported in
the follow-up period.

The median TMI for men was 41.2 cm2/m2, whereas for wom-
en, the value was 33.4 cm2/m2. The indices were significantly
higher in men than women (P < 0.001). The correlation between
BMI and TMI was significant (Pearson’s r = 0.574, P < 0.001). The
median serum Alb, NLR and CEA were 4 g/dl, 2.2 and 4.3 lg/l,
with Alb, NLR, CEA data of 1 patient, 35 patients and 6 patients
missing, respectively. Accordingly, 274 patients were analysed in
the multivariable analyses.

Clinicopathological factors and survival analysis

The TMI was significantly higher in men than in women
(P < 0.001). Thus, patients were divided into the low-TMI and
high-TMI groups based on the gender-specific lowest quartile
cut-off values of the TMI (38 cm2/m2 for men and 29.6 cm2/m2

for women). As a result, 236 and 78 cases are included in the
low-TMI and high-TMI groups, respectively. The comparison of
clinicopathological factors between the low-TMI and high-TMI
groups is shown in Table 1. Patients with the low TMI had a sig-
nificantly lower BMI (median 20.1 vs 23 kg/m2, respectively,
P < 0.001) and Alb (<4 vs >_4 g/dl, respectively, P = 0.046) than
those with the high TMI. Additional factors such as age, smoking
history, CEA, NLR, pathology distribution and p-TNM were not
significantly different between the low-TMI and high-TMI
groups. To identify any factors associated with low TMI, we per-
formed the univariable analyses with age, smoking status, BMI,
Alb, CEA, NLR and p-TNM. BMI, NLR and Alb were significant
risk factors (P < 0.001, P = 0.007 and P = 0.024, respectively). The
factors including BMI, Alb, NLR, age and p-TNM with P-val-
ue <0.25 in the univariable analyses were evaluated in a multi-
variable logistic analysis. Only BMI was a significant risk factor
for TMI [P < 0.001, hazard ratio 1.49, 95% confidence interval
(CI) 1.30–1.71].

Figure 2: (A) Muscle area calculations at the process of the first lumbar vertebra (L1). (B) Truncal muscles consist of paraspinal muscles and chest–abdominal wall
muscles at L1 (yellow area). (C) Truncal muscle area was identified and quantified based on Hounsfield unit thresholds (–29 to +150) in square millimetres (mm2), with
the exception of right wave indicating fat tissue area.
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The RFS and OS Kaplan–Meier curves for patients with the low
TMI and high TMI are shown in Fig. 3. RFS was significantly lower
in patients with the low TMI compared with that of patients with
high TMI (5-year RFS 69% vs 83.5%, respectively, P = 0.028,
Fig. 3A). Similarly, OS was significantly different between the low-
TMI group and high-TMI group (5-year OS 64.8% vs 80.1%, re-
spectively, P = 0.003, Fig. 3B). The results of the Cox regression
survival analysis of RFS and OS are shown in Tables 2 and 3. The
univariable analysis of RFS identified the following significant
prognostic factors in patients: smoking history, NLR, Alb, CEA,
p-TNM and TMI. However, in the multivariable analysis, only
NLR and p-TNM were shown to be the independent prognostic
factors for RFS. The univariable analysis of OS indicated that

smoking history, NLR, albumin, CEA, p-TNM and TMI were asso-
ciated with postoperative prognosis. The multivariable analysis
demonstrated that the TMI was an independent prognostic factor
(hazard ratio 1.84, 95% CI 1.12–3.05; P = 0.017), in addition to
p-TNM, NLR and Alb.

DISCUSSION

To our knowledge, this is the first study that investigated the im-
pact of skeletal muscle volume represented by truncal muscle cut
surface on the outcome of patients with early-stage NSCLC
(stages I–II) who underwent curative surgery. The impact of de-
pletion of the cross-sectional truncal muscle area at L1 (TMI) on
outcomes was assessed using chest CT. The decrease in the TMI
is an independent prognostic factor with an 1.8-fold increased
risk of death in patients.

CT, which is routinely performed as a pretreatment staging as-
sessment of patients with cancer, is widely used to evaluate skel-
etal muscle [11]. The identification and quantification of the
skeletal muscle area on CT is recommended due to its precise
differentiation between muscle, fat and other tissues. The single
cross-sectional area of muscle at the third lumbar vertebra (L3) is
referred to as a good modality, as it linearly relates to total body
skeletal muscle mass on abdominal CT [12]. However, chest CT
rarely extends to the L3 level. The implementation of muscle
measurement and further progress in the field of surgical lung
cancer care are severely hampered due to the lack of a standar-
dized and efficient approach [13, 14]. In healthy subjects, examin-
ation of the muscle area at L1 via chest CT showed high
correlation with the total body skeletal muscle mass [15]. As a re-
sult, we investigated truncal muscle area on the L1 of chest CT to
evaluate the clinical impact on outcome of stages I–II NSCLC
patients.

Low truncal muscle is a poor independent prognostic factor
after complete resection in patients with early stage NSCLC. Low
skeletal muscle, associated with a risk of adverse outcomes such
as physical disability, poor quality of life and death, plays an im-
portant role in predicting chemotherapeutic toxicity and treat-
ment outcomes in certain advanced cancers [7, 8]. Recently,
clinical studies demonstrated that low skeletal muscle prior to
surgery negatively impacts survival of patients with resectable
gastrointestinal, hepatopancreatobiliary, colorectal and endomet-
rial malignancies [16–19]. However, few studies have focused on
the impact of skeletal muscle mass on prognosis in operable
NSCLC due to the lack of an appropriate method for the meas-
urement of skeletal muscle using chest CT. Suzuki et al. [20]
reported that sarcopenia at the L3 level on abdominal CT was
associated with poor outcome in a small sample of patients with
completely resected early-stage NSCLC. The analysis of the pre-
sent study indicated that the TMI on chest CT may be a practical
and valuable method for the preoperative assessment of skeletal
muscle mass in early-stage NSCLC (stages I–II) patients under-
going curative surgery.

It appeared to be multifactorial for the low TMI in early-stage
NSCLC patients. It is well acknowledged that the recurrence of
NSCLC after complete resection was relatively higher in the first
2 years [2]. The RFS and OS curves of the high- and low-TMI
groups in the present study showed no distinct difference in the
first 2 years. However, divergences were almost synchronously
observed from the third year in both survival curves, although
the significance of TMI was not independent in the multivariable

Table 1: Clinical characteristics of the low TMI and high TMI
groups

Category Low TMI
group (n = 78)

High TMI group
(n = 236) (cm2/m2)

P-value

Gender, n (%) 0.89
Male 46 (59.0) 137 (58.1)
Female 32 (41.0) 99 (41.9)

Age (years), mean ± SD 72 ± 8.9 67 ± 11 0.073
<65 21 (26.9) 78 (33.1)
>_65 57 (73.1) 158 (66.9)

Smoking history, n (%) 0.20
Non-smoker 25 (32.1) 95 (40.3)
Smoker 53 (67.9) 141 (59.7)

BMI (kg/m2), median
(IQR)

20.1 (18.8–21.6) 23 (21–24.9) <0.001

<18.5a 15 (19.2) 7 (3.0)
18.5–25b 60 (76.9) 173 (73.3)
>_25.0c 3 (3.8) 56 (23.7)

NLR, median (IQR) 2.4 (1.7–3.6) 2.2 (1.7–3.2) 0.20
<_3 47 (70.1) 153 (72.2)
>3 20 (29.9) 59 (27.8)

Alb (g/dl), median
(IQR)

4 (3.7–4.2) 4.1 (3.8–4.3) 0.046

<4 37 (48.1) 89 (37.7)
>_4 40 (51.9) 147 (62.3)

CEA (lg/l), n (%) 0.50
<_5 46 (59.7) 148 (64.1)
<5 31 (40.3) 83 (35.9)

Postoperative compli-
cation, n (%)

0.82

Present 13 (16.7) 42 (17.8)
Absent 65 (83.3) 194 (82.2)

Pathology (NSCLC),
n (%)

0.81

Adenocarcinoma 59 (75.6) 168 (71.2)
Squamous
carcinoma

15 (19.2) 48 (20.3)

Large cell carcinoma 1 (1.3) 4 (1.7)
Others 3 (3.8) 16 (6.8)

p-TNM (7th edition),
n (%)

0.78

Stage 1 59 (75.6) 195 (82.6)
Stage 2 19 (24.4) 41 (17.4)

P is shown as P < 0.001 if the actual P-value was <0.001.
aUnderweight.
bNormal weight.
cOverweight and obesity.
Alb: albumin; BMI: body mass index; CEA: carcinoembryonic antigen; IQR:
interquartile range; NLR: neutrophil to lymphocyte ratio; NSCLC: non-
small-cell lung cancer; SD: standard deviation; TMI: truncal muscle index
(cm2/m2); TNM: tumour, node and metastasis.
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Figure 3: Survival curves of subgroups divided by the lowest quartile and the rest of the TMI. TMI is significantly prognostic for (A) recurrence-free survival and (B)
overall survival. TMI: truncal muscle index.

Table 2: Results of univariable and multivariable analyses of recurrence-free survival (n = 274)

Variables Univariable Multivariable

HR 95% CI P-value HR 95% CI P-value

Male gender 1.45 0.85–2.47 0.17
Age >_65 years 1.7 0.93–3.10 0.084
Current/ex-smoker 1.79 1.02–3.16 0.043 1.8 0.97–3.34 0.064
BMI <18.5 kg/m2 1.51 0.65–3.52 0.34
NLR >3 2.59 1.51–4.42 0.001 2.08 1.17–3.70 0.013
Alb <_4 2.11 1.26–3.52 0.004 1.57 0.88–2.81 0.13
CEA >5 1.74 1.04–2.92 0.036 1.09 0.63–1.91 0.76
p-stage II (7th edition) 4.87 2.90–8.17 <0.001 4.09 2.35–7.12 <0.001
Low truncal muscle index 1.81 1.06–3.09 0.029 1.42 0.80–2.52 0.23

Alb: albumin; BMI: body mass index; CEA: carcinoembryonic antigen; CI: confidence interval; HR: hazard ratio; NLR: neutrophil to lymphocyte ratio.

Table 3: Results of univariable and multivariable analyses of overall survival (n = 274)

Univariable Multivariable

Variables HR 95% CI P-value HR 95% CI P-value

Male gender 1.77 1.09–2.87 0.021 1.2 0.65–2.21 0.56
Age >_65 years 1.98 1.14–3.44 0.016 1.16 0.63–2.13 0.64
Smoker 2.22 1.32–3.74 0.003 1.57 0.81–3.04 0.19
BMI <18.5 kg/m2 1.05 0.42–2.60 0.92
NLR >3 3.24 2.02–5.21 <0.001 2.35 1.38–4.00 0.002
Alb <_4 3.03 1.90–4.84 <0.001 2 1.18–3.39 0.01
CEA >5 1.95 1.24–3.08 0.004 1.27 0.78–2.09 0.34
p-stage II (7th edition) 4.01 2.52–6.37 <0.001 3.44 2.08–5.68 <0.001
Low truncal muscle index 2 1.26–3.18 0.002 1.84 1.12–3.05 0.017

Alb: albumin; BMI: body mass index; CEA: carcinoembryonic antigen; CI: confidence interval; HR: hazard ratio; NLR: neutrophil to lymphocyte ratio.
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analysis of RFS. Accordingly, low truncal muscle may be caused
by tumour-related and non-tumour-related factors such as age-
ing, metabolic disorder, decreased physical activity, increased
risk of cardiovascular disease and therapy-resistant metabolic
diseases [9, 21, 22]. This was reflected on poor long-time out-
come of patients with low truncal muscle had in early NSCLC.

Some evidence indicated that improving physical activity and nu-
tritional intervention are a promising cancer therapy [23]. However,
improving the skeletal muscle prior to surgery was impractical given
the urgent need of resection for early NSCLC. The present study
showed that low skeletal muscle was a risk factor for prognosis and
provided an objective method to evaluate this risk factor at the
time of treatment. Comprehensive information with well-planned
care could be provided to the patients with poor skeletal muscle
prior to surgery. More positive supports such as physical exercise
and nutritional intervention for low skeletal muscle patients may be
needed even after the treatment, because the survival curves of the
low-TMI and high-TMI groups diverged from the third year after
the surgery (Fig. 3B). Future prospective studies are needed to clarify
whether interventions for increasing skeletal muscle can improve
postoperative outcomes in patients with NSCLC.

The relationship between BMI and postoperative outcomes in
cancer patients has been a subject of controversy. A previous
study reported that increased body weight was associated with
increased death rates in all cancers combined [24]. In contrast,
obesity in patients with lung cancer has been linked to improved
postoperative outcomes in another study [25]. BMI did not show a
significant correlation with prognosis, although it was an inde-
pendent risk factor for TMI in the present study. Instead, body
composition (i.e. TMI) was suggested to be a prognostic factor.
The difference in the prognostic value of TMI versus BMI may be
partly explained by the fact that individuals with similar BMIs may
have different body compositions (e.g. more fat or muscle in a pa-
tient than in another; Fig. 4) (see Supplementary Material, Fig. S1).

In our study, sex-specific quartile values rather than specific cut-
off values were used to define the levels of skeletal muscle deple-
tion. The definition of sarcopenia is an appendicular skeletal
muscle index of more than 2 SD below that of healthy adults [5].
However, the actual prevalence of sarcopenia in Japanese patients
is still unclear, and the skeletal muscle indices are vary with

ethnicity. Therefore, the method of sex-specific quartiles was com-
monly applied to evaluate the skeletal muscle depletion.

Limitations

The present study is characterized by 2 main limitations. Firstly,
this was a retrospective study with a limited patient sample size
in a single institution. It is essential that these data are confirmed
by large-scale population-based prospective studies. Secondly,
this study was based on a single time point of chest CT prior to
surgery. The changes in muscle mass postoperatively ought to be
evaluated further in future studies. In addition, not only morpho-
logical muscle assessment but also sarcopenia-related function
evaluation is of interest.

CONCLUSION

In conclusion, the findings of this study demonstrated that truncal
skeletal muscle is an independent prognostic factor in patients
with stages I–II NSCLC following curative surgery. This factor may
be included in the preoperative assessment in patients with early-
stage NSCLC, for whom surgical intervention is considered.

SUPPLEMENTARY MATERIAL

Supplementary material is available at EJCTS online.
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Figure 4: The body mass indices of 2 patients (A and B) were almost identical (23.2 and 23.5 kg/m2). However, the muscle areas were different. The truncal muscle in-
dices of these patients were 29 and 48, respectively.
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Neoadjuvant chemotherapy with irinotecan and nedaplatin in a single cycle
followed by esophagectomy on cT4 resectable esophageal squamous cell
carcinoma: a prospective nonrandomized trial for short-term outcomes

D. Tian,1,∗ L. Zhang,1,∗ Y. Wang,2,∗ L. Chen,1 K.-P. Zhang,1 Y. Zhou,1 H.-Y. Wen,1 M.-Y. Fu1
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SUMMARY. Neoadjuvant chemotherapy (NAC) significantly extends survival in advanced esophageal squamous
cell carcinoma (ESCC), but the short-term outcomes for cT4 ESCC remain controversial. Many NAC regimens
have been previously reported, although no study has reported a regimen of irinotecan and nedaplatin for cT4 poten-
tial resectable ESCC.We evaluated the short-term outcomes of NACwith irinotecan and nedaplatin in a single cycle
followed by esophagectomy on cT4 resectable ESCC. A total of 51 patients with cT4 potentially resectable ESCC
were eligible for this study. Twenty of these patients underwent NAC, and the other 31 patients underwent surgery
alone. The toxicities and response of NAC were evaluated. The clinicopathologic characteristics, responses, toxic-
ities, surgical outcomes, postoperative complications, and survival time between the two groups were analyzed. No
significant differences were found in clinicopathologic characteristics between the groups (P > 0.05). The response
rate of NAC was 75% (15/20). The differences in the long-axis diameter of the tumor and cT stage between pre-
and post-NAC were significant (P < 0.05). Twenty-four toxic events occurred in 11 patients of the NAC group,
and 20/24 of these were mild. The R0 resection rates in the NAC group and the surgery alone group were 85% and
64.5%, with no statistically significant difference (P > 0.05). Differences in the pathological T stage and patholog-
ical tumor-node-metastasis (TNM) stage were significant (P < 0.05). The overall survival (OS) time and mortality
in the NAC group versus the surgery alone group were 31.57 ± 3.06 months versus 15.24 ± 1.46 months and 25%
versus 61.3%, respectively. The differences in OS and mortality were significant (P < 0.05). The NAC group and
R0 resection were significant and independent predictors of positive prognosis. NAC with irinotecan and nedaplatin
in a single cycle followed by esophagectomy on cT4 resectable ESCC as a new NAC is safe and effective.

KEYWORDS: esophageal squamous cell carcinoma, irinotecan, nedaplatin, neoadjuvant chemotherapy, short-term
outcome.

INTRODUCTION

Esophageal cancer penetrates the esophageal wall and
easily involves adjacent organs because no tunicae
serosa is present.1 Patients are usually diagnosed at
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an advanced stage due to this particular feature.
An esophageal cancer involving adjacent structures
(aorta, major airway, lung, diaphragm, pulmonary
vein, pleural, and pericardium) is defined as T4 dis-
ease, which results in a poor R0 resection rate and sur-
vival time.2-4

Surgery alone may be performed in T4 patients,
although its prognostic benefit and R0 resection rate
remain dismal.5-11 Matsubara et al.12 concluded that
patients with macroscopic-T4 but not pathologic-
T4 tumors had favorable outcomes and that only
patients with definitive evidence of unresectability
should be excluded from esophagectomy. In addition,
Tachibana et al.13 and Chen et al.14 demonstrated that
esophagectomy of cT4 can achieve the best improve-
ment in swallowing and the longest survival with an

C© The Author(s) 2018. Published by Oxford University Press on behalf of International Society for Diseases of the Esophagus.
All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 1
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acceptable mortality rate. The optimal management
for patients with potentially resectable cT4 esophageal
squamous cell carcinoma (ESCC) remains unknown.
The overall survival (OS) time of cT4 ESCC

has been improved by the development of mul-
tidisciplinary treatments, as reported in recent
studies.15-19 Many neoadjuvant chemotherapy
(NAC) regimens have been reported in previous
studies but were associated with different prognostic
outcomes.20-29

Irinotecan has been administered as NAC to
advanced esophageal cancer patients in previous
trials. However, most of these treated cases were
esophageal adenocarcinoma with a low pathologic
complete response (pCR) rate. A response to this
chemotherapy was found in ESCC, although the
number of cases was limited.30,31 We thus considered
that the NAC regimen with irinotecan and nedaplatin
would also be applicable in NAC regimens. Addition-
ally, the short-term outcomes and treatment toxicities
for cT4 ESCC remain controversial.
Most NAC requires two cycles of preoperative

chemotherapy, but a single cycle has also conferred
positive responses in some cases. Tumors rapidly
develop resistance to chemotherapy, and responses are
generally short lived.32 Karagiannis et al.33 showed
that some NAC increases the risk of metastatic dis-
semination through a tumor microenvironment of
metastasis (TMEM)-mediated mechanism, despite
decreasing the tumor size. This may be due to drug
resistance in NAC with lower doses or longer pre-
operative time intervals. Recently, Fujiwara et al.34

compared the perioperative results and prognoses
of patients who underwent complete (two cycles) or
incomplete (single cycle) NAC because of adverse
events or the patient’s refusal of treatment. They found
perioperative outcomes and long-term prognosis of
patients with locally advanced ESCC were not signifi-
cantly influenced, even if the patients did not receive a
complete cycle of NAC. For these reasons, we hypoth-
esized that one cycle of NAC as a pulse therapy may
prevent drug resistance and the risk of metastatic dis-
semination. This one-cycle treatment may achieve a
comparable effect to two or more NAC cycles because
a similar total dose is used. If downstaging can be
achieved by a single cycle, chemotherapy toxicities and
relapse can be avoided.
In this study, we evaluated the short-term outcomes

of a single cycle of irinotecan and cisplatin NAC fol-
lowed by esophagectomy in cT4 potentially resectable
ESCC patients.

PATIENTS AND METHODS

Patients

Between January 2014 and March 2017, 970 con-
secutive patients who were histologically diagnosed

with ESCC and planned to undergo surgery presented
at the Affiliated Hospital of North Sichuan Medical
College. In total, 109 patients were defined as cT4
according to the TNM classification of the American
Joint Committee on Cancer (AJCC) & The Union for
International Cancer Control (UICC).35 Of these 109
patients, 51 entered this prospective trial.
The criteria for inclusion of patients in this prospec-

tive trial were as follows: (1) ESCC in the thoracic
esophagus, (2) cT4 according to the AJCC & UICC
8th edition classification, (3) expected survival time
greater than 3 months, (4) general condition ade-
quate to tolerate single-cycle NAC and/or esophagec-
tomy, (5) evaluated as resectable esophageal cancer by
pretreatment examinations, and (6) provided written
informed consent.
Exclusion criteria were as follows: (1) received other

treatment (chemotherapy/radiotherapy/palliative
therapy) that may affect the prognosis or additional
cycles of perioperative chemotherapy, (2) distant
metastasis, (3) esophageal adenocarcinoma and
esophagogastric junction carcinoma, (4) any con-
current primary cancer at other organs, (5) rejected
operative surgery after NAC, (6) esophageal perfora-
tion or tracheoesophageal fistula, and (7) >80 years
old.
The staging evaluation before treatment included

the following procedures: (1) necessary general
physical examination, (2) esophagogastroduo-
denoscopy (EGD) and biopsy, (3) contrast esopha-
gography, (4) cervical and abdominal ultrasonography
(US) and endoscopic ultrasonography (EUS), (5)
contrast-enhanced computed tomography (CT)
of the neck, chest, and upper abdomen, (6) bone
scintigraphy, and 7) bronchoscopy performed only
for the cancer in the upper or middle thoracic
esophagus.
All patients were staged according to the AJCC

& UICC criteria. cT4 was defined using contrast-
enhanced CT, contrast esophagography, and bron-
choscopy (upper or middle thoracic ESCC), and
EUS. Lymphatic metastasis was assessed by mor-
phology using cervical and abdominal US, EUS, and
contrast-enhanced CT. Distant metastasis was deter-
mined using contrast-enhanced CT and bone scintig-
raphy. Esophageal cancer without distant metastasis
invading the pleura, pericardium, diaphragm, and fat
plane in the triangular space among the esophagus,
aorta, and spine could be defined as a resectable cT4
tumor. However, if the aorta, trachea, and spine were
invaded by esophageal cancer, surgery could not be
performed.35

The excluded 58 patients included 20 with dis-
tant organ metastases, 14 who underwent previous
chemotherapy and/or radiotherapy, 8 with a low per-
formance status index for surgery or chemotherapy,
7 who were >80 years old, and 9 who refused
esophagectomy after an active response to NAC.
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This study was conducted with the approval of the
Ethics Committee of the Affiliated Hospital of North
Sichuan Medical College.

METHODS

Chemotherapy regimens

This was a prospective, nonrandomized trial that
included patients who made an informed decision
regarding whether to receive NAC followed by
esophagectomy or esophagectomy alone. When
patients decided to receive NAC followed by
esophagectomy, they underwent the single cycle
of NAC first. The chemotherapy regimen consisted
of 120 mg/m2 irinotecan (Jiangsu Hengrui Medicine
Co., Ltd., Lianyungang, Jiangsu, P. R. China) on day
1, day 8, and day 15 for 3 hours as a drip intravenous
infusion and 20 mg/m2 nedaplatin (Qilu Pharmaceu-
tical, Jinan, Shandong, P. R. China) administered
intravenously from day 1 to day 5 for 1 hour combined
with antiemetic and antimyelosuppression to alleviate
toxicities. Then, patients in the NAC group received
a subcutaneous injection of 6 mg PEG-rhG-CSF
(Qilu Pharmaceutical, Jinan, Shandong, P. R. China)
on day 15 to prevent myelosuppression. If the total
cell counts of the bone marrow were <30,000/mm3,
surgery was delayed for 1 week or more. For patients
with severe dysphagia, total parenteral nutrition was
used, with or without additional oral administration
of liquid nutrients. Soft or normal foods were given
to patients if dysphagia improved. Examinations for
staging evaluation before treatment were performed
4–6 weeks after NAC (before surgery).

Surgery

Esophagectomy was completed in both groups. NAC
group patients underwent surgery 4–6 weeks after
completing NAC. Before surgery, restaging evaluation
was performed again, as performed prechemotherapy.
Patients with esophageal cancer in the upper third
of the thoracic esophagus underwent McKeown
esophagectomy and were treated with three-field lym-
phadenectomy. The type of esophagectomy (Sweet,
Ivor-Lewis, or McKeown esophagectomy) performed
on middle third and lower third of the thoracic esoph-
agus was at the discretion of the surgeon.

Clinical indexes

The database was queried to include all patients and
the following variables: clinicopathologic characteris-
tics, NAC-associated toxicities, postoperative compli-
cations, R0 resection, CR+ PR and OS time. Survival
time for all of the patients was calculated from the
start of initial treatment until death from any cause
or the final follow-up visit.

Evaluation of residual tumor (R) was classified
as follows: R0, no residual tumor; R1, suspicion
of residual tumor or microscopic residual tumor;
and R2, macroscopic residual tumor.36 Toxicity was
graded according to the National Cancer Institute
Common Toxicity Criteria, version 4.0 (NCI CTC v
4.0).37

Briefly, the responses were classified as follows:
complete response (CR), complete disappearance
of all clinical evidence of existing lesions during
chemotherapy; partial response (PR), a decrease in
tumor size of more than 30% during chemotherapy;
progressive disease (PD), an increase in tumor size of
more than 20% compared with the initial size; and
stable disease (SD), any changes in tumor size that
could be classified as neither a PR nor PD. Patients
with a tumor showing a CR or PR were defined as
major responders, and thosewith a tumor showing SD
or PD were defined as nonresponders.38

Follow-up

Patients were followed up by monthly home visits or
telephone interviews to determine their living con-
ditions and to confirm they were alive. All of the
patients were followed up until May 2017 or death.
Patients were closely observed by general physical
examination, contrast esophagography, cervical and
abdominal US and EUS, contrast-enhanced CT of the
cervical, chest and upper abdomen, and bone scintig-
raphy every 3 months and by EGD every 6 months
after the surgery.

Statistical analysis

Follow-up data after treatment were available for
all patients. Statistical analyses were performed with
SPSS 22.0 (SPSS, Inc., Chicago, IL). Data were
reported as the frequencies, means, and medians with
percentages. The Chi-square test was used for com-
parison of the categorical variables. OS curves were
plotted by the Kaplan-Meier method. Log-rank tests
were applied to identify significant differences in sur-
vival among groups. We used the Cox proportional
hazardsmodel formultivariableOS analysis. Variables
potentially related to the risk of OS with P < 0.10 on
univariate analysis were included in the multivariate
analysis. P < 0.05 was considered to indicate a statis-
tically significant difference.

RESULTS

Clinicopathologic characteristics

Between January 2014 and March 2017, 51 patients
were enrolled in this study. Twenty patients chose
NAC with irinotecan and cisplatin in a single cycle
followed by esophagectomy, and the other 31 patients
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Table 1 Summary of patient clinicopathologic characteristics

Parameters
All patients
(N = 51) NAC (N = 20)

Surgery alone
(N = 31) P

Age (mean ± SD) year (range) 61.2 ± 6.57
(43–76)

60.3 ± 7.18
(43–69)

61.8 ± 6.20
(49–76)

0.44∗

Gender 0.98∗∗
Male 42(82.4%) 17(85%) 25(80.6%)
Female 9(17.6%) 3(15%) 6(19.4%)

Tumor localization 0.35∗∗
Upper third 4(7.8%) 1(5%) 3(9.7%)
Middle third 32(62.8%) 15(75%) 17(54.8%)

Lower third 15(29.4%) 4(20%) 11(35.5%)
Initial long-axis diameter of tumor (mean ± SD) cm (range) 5.3 ± 0.89

(3.5–8.0)
5.3 ± 0.95 (4–8) 5.2 ± 0.86 (3.5–7) 0.90∗

BMI (mean ± SD) (range) 24.2 ± 6.57
(19.5–31.2)

24.2 ± 2.78
(19.5–31.2)

0.95∗

Clinical N stage 0.33∗∗
cN0 23(45.1%) 8(40.0%) 15(48.4%)
cN1 17(33.3%) 9(45%) 8(25.8%)
cN2 11(21.6%) 3(15%) 8(25.8%)

cT4 invaded organs 0.66∗∗
fat plane in triangular space† 17(33.3%) 6(30%) 11(35.5%)

pleura 22(43.2%) 9(45%) 13(41.9%)
pericardium 8(15.7%) 3(15%) 5(16.1%)

diaphragm 4(7.8%) 2(10%) 2(6.5%)

∗Student’s t test was used; ∗∗χ2 test or Fisher’s exact test was used.
†The fat plane in the triangular space between the esophagus, aorta, and spine was obliterated.
BMI, body mass index; NAC, neoadjuvant chemotherapy.

underwent surgery alone. All NAC group patients
completed the single-cycle regimen. All 51 patients
had locally advanced potentially resectable cT4 SCC
and underwent esophagectomy. Of the 51 patients,
42 (82.4%) were male, and 9 (17.6%) were female.
The median patient age was 61.2 ± 6.57 years (range:
43–76 years). The tumor location of all patients was
4 (7.8%), 32 (62.8%), and 15 (29.4%) in the upper,
middle, and lower third, respectively. The average
length of the tumor before treatment was 5.25 ± 0.89
cm (range: 3.5–8.0 cm). The average body mass index
(BMI) was 24.15 ± 2.68 (range: 19.49–31.22). No sig-
nificant differences in gender distribution, age, tumor
location, initial long-axis diameter of the tumor,
and clinical N stage before treatment were observed
between the NAC group and the surgery alone group
(P= 0.30, P= 0.46, P= 0.44, P= 0.44, and P= 0.09,
respectively) (Table 1).

Response to NAC

All of the NAC group patients underwent NAC with
a single cycle of irinotecan and nedaplatin. Four to
six weeks after the NAC regimen, there were 4 (20%)
patients with CR, 11 (55%) patients with PR, and 5
(25%) patients with SD. None of the patients encoun-
tered PD. Accordingly, the response rate to the single-
cycle NAC regimen was 75% (15/20). The long-axis
diameter of the tumor before NAC was 5.3 ± 0.95 cm
and 2.85 ± 2.05 cm 4–6 weeks after NAC. The differ-
ences in the long-axis diameter of the tumor and in the

cT stage between pre-NACand post-NACwere signif-
icant (P< 0.05). However, there was no significant dif-
ference in cN stage between pre-NAC and post-NAC
(P > 0.05) (Table 2).

Toxicity

NAC with irinotecan and cisplatin in a single cycle
was generally well tolerated. The overall toxicities
experienced by the patients during chemotherapy are
listed in Table 3. Twenty-four toxic events occurred
in 11 patients (55%) of the NAC group and 20/24
of these were mild (grade 1–2). The toxic rates of
leukopenia, nausea and vomiting, diarrhea, alopecia,
and renal dysfunction were 35%, 30%, 40%, 5%, and
10%, respectively. The major toxicities were hema-
tologic (leukopenia and neutropenia) and gastroin-
testinal reaction (nausea or/and vomiting, diarrhea),
with 2 (10%) of the patients experiencing grade 3 or 4
leukopenia and neutropenia and 2 (10%) patients with
grade 3 gastrointestinal reactions. All of the toxicities
were within expectations and were manageable, and
no treatment-related death occurred. No patient can-
celed their operation due to NAC toxicity.

Surgical outcome

As shown in Table 4, more than half of the patients
in the NAC and surgery alone groups received the
Ivor-Lewis or McKeown procedure (55% and 54.8%,
respectively). Seventeen of the 20 patients (85%) in
the NAC group received an R0 resection compared
with 20 of the 31 patients (64.5%) in the surgery alone
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Table 2 Response to NAC with irinotecan and nedaplatin in a single cycle

Pre-NAC Post-NAC P

Long-axis diameter of tumor (mean ± SD) cm (5.27 ± 0.95) (2.85 ± 2.05) 0.00∗
cT stage(%)† 0.00∗∗

cT4 20(100%) 5(25%)
Others 0(0%) 15(75%)

cN stage(%)† 0.79∗∗
cN0 8(40%) 10(50%)
cN1 9(45%) 8(40%)
cN2 3(15%) 2(10%)

∗Student’s t test was used; ∗∗χ2 test or Fisher’s exact test was used.
†8th edition of the AJCC & UICC.
cN stage, clinical N stage; cT stage, clinical T stage; NAC, neoadjuvant chemotherapy.

Table 3 Toxicities experienced by the patients during NAC

NCICTC version 4.0 common toxicity criteria

Grade 1 Grade 2 Grade 3 Grade 4 All grades (%) Grade 3/4 (%)

Leukopenia 3 2 1 1 7(35%) 2(10%)
Nausea or vomiting 3 3 0 0 6(30%) 0(0%)
diarrhea 3 3 2 0 8(40%) 2(10%)
Alopecia 1 0 0 0 1(5%) 0(0%)
Renal dysfunction 1 1 0 0 2(10%) 0(0%)

NAC, neoadjuvant chemotherapy; NCICTC version 4.0, National Cancer Institute Common Toxicity Criteria, version 4.0.

group, and 50% and 48.4% of the patients had lymph
node metastasis in the NAC group and the surgery
alone group, respectively. The mean resected lymph
nodes and metastatic lymph nodes in the NAC group
versus the surgery alone group were 16.75 ± 3.63
versus 16.75± 3.63 and 1.55± 2.14 versus 1.55± 2.14,
respectively. There were no significant differences in
the type of esophagectomy, surgical radicality (R0
vs. R1 + R2), the nature of the lymph nodes, mean
resected lymph nodes, mean metastatic lymph node,
pathological N stage, or histopathological grading
between the NAC group and surgery alone group
(P = 0.99, P = 0.20, P = 0.91, P = 0.12, P = 0.68,
P= 0.88 and P= 0.99, respectively). In addition, The
R0 and R1 patients in the NAC group versus surgery
group were 17 versus 20 and 2 versus 7, respectively.
There was also no significant difference (P = 0.27)
between the NAC group and the surgery group. How-
ever, the differences in pathological T stage and TNM
stage between the NAC group and the surgery alone
were significant (P= 0.00 andP= 0.001, respectively).

Postoperative complications

Nine postoperative events occurred in 5 patients
(25%) of the NAC group, and 18 postoperative events
occurred in 11 patients (35.5%) of the surgery alone
group. The main complications in the two groups
were infection complications (pyothorax, pneumonia,
and surgical site infection), surgery-related compli-
cations (chylothorax, anastomotic leak, and recur-
rent nerve paralysis) and other complications (deep
venous thrombosis and hypoproteinemia). There was

no operative mortality patient in either group (post-
operative within 30 days) but 1 (3.2%) hospital mor-
tality (2 months after operation) patient in the surgery
alone group. The patient died of anastomotic leak
and pyothorax due to palliative resection (R2 resec-
tion). Regarding postoperative complications, the
incidences of infection complications, surgery-related
complications, and other complications for the NAC
group versus the surgery alone group were 3 (15%)
versus 7 (22.6%), 2 (10%) versus 5 (16.1%), and 4
(20%) versus 6 (19.4%), respectively. No differences
were observed between the NAC and surgery alone
groups (Table 5).

Short-term survival outcomes

With a median follow-up of 15.06 ± 8.52 months
(range: 2–38 months), 24 (47.1%) out of 51 patients
died of disease progression or postoperative compli-
cations, 5 (25%) in the NAC group, and 19 (61.3%) in
the surgery alone group. To evaluate whether theNAC
group and surgery alone group had different out-
comes, the survival rates were compared. The median
OS for all 51 patients was 22.89 ± 2.16 months. The
OS was 31.57± 3.06 months in the NAC group versus
15.24 ± 1.46 months in the surgery alone group. The
differences in mortality and OS between the NAC
group and the surgery alone group were significant
(P = 0.01 and P = 0.001, respectively). The Kaplan-
Meier curves are shown in Figure 1.
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Table 4 Surgical outcome in the NAC group and surgery alone group

NAC (N = 20) Surgery alone (N = 31) P

Type of esophagectomy 0.99∗
Sweet (left chest) 9 (45%) 14 (45.2%)
Ivor-Leiws or McKeown(right chest) 11 (55%) 17 (54.8%)

Surgical radicality 0.11∗∗
R0 17 (85%) 20 (64.5%)
R1 + R2 3 (15%)† 11 (35.5%)‡

Lymph node 0.91∗
Node-negative cases(%) 10 (50%) 15 (48.4%)
Node-positive cases(%) 10 (50%) 16 (51.6%)

Mean resected lymph node 16.75 ± 3.63 14.32 ± 6.20 0.12∗∗
Mean metastasis lymph node 1.55 ± 2.14 1.84 ± 2.58 0.68∗∗
Pathological T stage§,¶ 0.00∗
pT0 4 (20%) 0 (0%)
pT1 2 (10%) 0 (0%)
pT2 7 (35%) 0 (0%)
pT3 4 (20%) 6 (19.4%)
pT4 3 (15%)†† 25 (80.6%)‡‡

Pathological N stage§ ,§§ 0.88∗
pN0 10 (50%) 15 (48.4%)
pN1 6 (30%) 7 (22.6%)
pN2 3 (15%) 7 (22.6%)
pN3 1 (5%) 2 (6.4%)

Pathological differentiation§ 0.99∗
Well differentiated 5 (25%) 8 (25.8%)
Moderately differentiated 12 (60%) 18 (58.1%)
Poorly differentiated 3 (15%) 5 (16.1%)

Pathological stage§ ,¶¶ 0.001∗
pStage I 8 (40%) 0 (0%)
pStage II 1 (5%) 1 (3.2%)
pStage III 9 (45%) 17 (54.9%)
pStage IV 2 (10%) 13 (41.9%)

∗χ2 test or Fisher’s exact test was used; ∗∗Student’s t test was used.
†Three patients were performed as R1/R2 resection due to pleura (1), pericardium (1), and diaphragm (1) invading and residual tumor
existing, respectively; ‡Eleven patients were performed as R1/R2 resection due to aorta (6) and pleura (5) invading and residual tumor
existing; §8th edition of the AJCC&UICC; ¶ypT for NAC group; ††Three patients were diagnosed as ypT4 due to pleura (1), pericardium
(1) and diaphragm (1) invading, respectively; ‡‡patients were diagnosed as pT4 due to aorta (6), the fat plane in the triangular space among
the esophagus, aorta and spine (7), pleura (10), pericardium (1) and diaphragm (1) invading, respectively; §§ypN for NAC group; ¶¶yp stage
for NAC group.
NAC, neoadjuvant chemotherapy; R0, no residual tumor; R1, suspicion of residual tumor or microscopic residual tumor; R2, macroscopic
residual tumor.

Variables predicting short-term survival

According to the univariate analysis, treatment group
(P = 0.01) and surgical radicality (P = 0.00) were
significant prognostic factors. No significant differ-
ences in age, gender, long-axis diameter of the tumor,
type of esophagectomy, postoperative complications,
lymph node resection, lymph node metastasis, and
BMI were observed (P = 0.23, P = 0.57, P = 0.75,
P = 0.51, P = 0.37, P = 0.36, P = 0.12 and P = 0.78,
respectively). The multivariate analysis also revealed
that treatment group (P = 0.007) and surgical rad-
icality (P = 0.01) were significant prognostic fac-
tors. There were no significant differences in age,
gender, long-axis diameter of the tumor, type of
esophagectomy, postoperative complications, lymph
node resection, lymph node metastasis, and BMI
(P = 0.13, P = 0.10, P = 0.12, P = 0.06, P = 0.10,
P = 0.73, P = 0.69 and P = 0.53, respectively)
(Table 6).

DISCUSSION

Esophageal cancer is one of the most aggressive
and common cancers with a low 5-year survival
rate after curative surgery.39 To improve outcomes,
current evidence supports the effects of NAC on
patients with advanced esophageal cancer.40 A recent
study demonstrated that NAC improved R0 resec-
tion and OS compared with surgery alone, with
a 12% decrease in the mortality hazard.41 How-
ever, the optimal chemotherapy regimen for advanced
esophageal cancer is also uncertain. Additionally, the
results of the JCOG990720 study aided in the approval
of NAC with FP as a standard regimen in Japan.
However, the response rate remained unsatisfactory at
38%.
One or more cycles of NAC were used in most pre-

vious studies with the expectation of more respon-
ders.34,42 However, there were no significant differ-
ences in 5-year OS rate and median survival times
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Table 5 Postoperative complications in the NAC group and surgery alone group

NAC group (n = 20) Surgery alone group (n = 31) P∗

Total complications 5(25%) 11(35.5%) 0.43
Hospital mortality (> 30 days) 0 1(3.2%) 1.00
Infection complications 3(15%) 7(22.6%) 0.76

Pyothorax 0(0%) 2(6.5%)
Pneumonia 2(10%) 3(9.7%)
Surgical site infection 1(5%) 2(6.5%)

Surgical-related complications 2(10%) 5(16.1%) 0.84
Chylothorax 0(0%) 1(3.2%)
Anastomotic leak 1(5%) 2(6.5%)

Recurrent nerve paralysis 1(5%) 2(6.5%)
Other complications 4(20%) 6(19.4%) 1.00

DVT 1(5%) 2(6.5%)
Hypoproteinemia 3(25%) 4(12.9%)

∗χ2 test or Fisher’s exact test was used.
DVT, deep venous thrombosis; NAC, neoadjuvant chemotherapy.

                         Log-rank test, p=0.01
Surgery alone group
NAC group
Surgery alone group
NAC group

Fig. 1 Kaplan-Meier curves of NAC group and surgery alone group on survival outcomes. The mean overall survival period in NAC group
and surgery alone group were (31.57 ± 3.06) months and (15.24 ± 1.46) months, respectively. The differences of OS between two groups
were significant (P < 0.05)

between early and late responders.15,42 Therefore, con-
sidering the waste of hospital costs and resources and
the decreased toxicities, we used a single cycleNAC. In
addition, tumors did not further progress during this
shorter period.
Irinotecan (CPT-11, Camptosar), a semisynthetic

camptothecin, is an inhibitor of the enzyme topoi-
somerase I. Irinotecan has emerged as a signifi-
cant new chemotherapeutic agent with a broad spec-
trum of antitumor activity, including effectiveness
against esophageal and gastric cancer.30,43 Recently,
irinotecan has often been preferred in advanced

esophageal cancer as a preoperative chemoradio-
therapy. Most of these cases were esophageal adeno-
carcinoma with a low pCR rate. A positive response
was found in a limited number of ESCC cases
in a previous trial.44 Irinotecan plus a platinum-
based chemotherapy regimen in advanced esophageal
cancer corresponded to a total response rate of 57%
(ESCC66%), including a 6% complete response rate.27

Nedaplatin (cis-diamine-glycolate platinum, CDGP)
is a less nephrotoxic analog of CDDP, a second-
generation platinum derivative that has shown potent
antitumor activity against lung, testicular, esophageal,
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Table 6 Univariate and multivariate analysis of prognostic factors according to OS

Univariate analysis Multivariate analysis

Prognostic factors HR(95%CI) P value HR(95%CI) P value

Groups (NAC/Surgery alone) 0.211(0.061–0.730) 0.011 7.853(1.747–35.305) 0.007
Age (<60/≥60) 2.010(0.635–6.359) 0.232 0.445(0.155–1.274) 0.13
Gender (male/female) 0.661(0.155–2.813) 0.574 0.371(0.113–1.220) 0.10
Long-axis diameter of tumor (<5/≥5) 0.824(0.251–2.706) 0.749 0.396(0.123–1.277) 0.12
Type of esophagectomy (left/right chest) 1.455(0.480–4.409) 0.507 0.361(0.127–1.024) 0.06
Surgical radicality (R0/R1 + R2) 0.033(0.004–0.280) 0.000 6.157(1.457–26.024) 0.01
Postoperative complications (Yes/No) 0.583(0.177–1.924) 0.374 2.359(0.838–6.641) 0.10
Lymph node resection (<12/≥12) 1.917(0.460–7.831) 0.360 0.821(0.263–2.561) 0.73
Lymph node metastasis (+/−) 0.413(0.134–1.274) 0.121 1.327(0.325–5.412) 0.69
BMI (≤25/>25) 1.176(0.371–3.728) 0.782 0.529(0.742–1.882) 0.53

OS, overall survival; NAC, neoadjuvant chemotherapy; R0, no residual tumor; R1, suspicion of residual tumor or microscopic residual
tumor; R2, macroscopic residual tumor.

gynecological, and head and neck cancers. Hydration
is unnecessary for nedaplatin treatment.45 Therefore,
our regimen contained irinotecan and nedaplatin as a
single cycle NAC with the expectation of better out-
comes.

Clinicopathologic characteristics and response

In this study, there was no significant difference
in the clinicopathologic characteristics before treat-
ment between the NAC and surgery alone groups.
The objective of NAC is to reduce the size of the
primary lesion and control lymph node metastasis
and micrometastasis to achieve downstaging so that
a better outcome can be expected when surgical
resection is performed.46 In this study, the effec-
tive response rate was 75%. This rate was slightly
higher than that reported in previous studies evalu-
ating irinotecan-based regimens.27,44 This may be due
to the differences in cancer stage and details of the
NAC regimen.
Four (20%) patients had T0N0M0 status, which

was better than other NAC regimens.21,28,47 How-
ever, there were no significant differences in patho-
logical N and G status (P > 0.05). Motoori et al.48

also reported a similar conclusion that there was no
change in N stage after NAC. This finding may be
partly attributed to the fact that we administered
NAC to advanced ESCC patients mainly with clini-
cally node-positive esophageal cancer. However, this
protocol differed from other NAC regimens adminis-
tered to locally advanced esophageal cancer patients
with downstaging of either the T or N status.29,45,49

The different responses between the T stage and the N
stage may be due to the drug action mechanism and
the characteristics of tumor invasion. The effects of
the NAC regimen can also be assessed by the long-
axis diameter of the tumor.50 In this study, there was
a significant difference between pre- and post-NAC
on long-axis diameter of tumor, which showed the
effective response of this NAC regimen (P < 0.05).

Azria D et al.51 obtained a significantly better prog-
nosis in patients responding to NAC than nonrespon-
ders and surgery alone patients.

Toxicity

Although the outcomes of patients who receivedNAC
were favorable, the major toxicities were hematologic
(leukopenia and neutropenia), and gastrointestinal
reactions (nausea or/and vomiting, diarrhea) and tox-
icities were major concerns. Frequencies of grade 3/4
leucopenia of 33.3% and of neutropenia of 90% were
reported in other studies.23,25,52–57 In our study, grade
3/4 toxicity developed in 4 (20%) of the 20 patients
who underwent the single-cycleNAC.All of the toxici-
ties were manageable, and none of the patients died of
NAC-related causes. Our NAC regimen was notably
milder than previous regimens, which may be due to
the single cycle in our regimen and the prophylactic
use of antiemetic and antimyelosuppression to alle-
viate toxicities.

Surgical outcome and complications

Previous studies demonstrated that NAC did not
increase perioperativemorbidity andmortality even in
minimally invasive esophagectomy (MIE). The Med-
ical Research Council Oesophageal Cancer Working
Party reported that the total postoperative compli-
cation rates in NAC and surgery alone groups were
41% and 42%, respectively.24,28,58,59 However, lower
postoperative complication rates were observed in
our study. Regarding the complication rates, there
was no statistically significant difference between the
two groups (P > 0.05). These results indicate that
NAC with irinotecan and nedaplatin administered in
a single cycle as a new NAC regimen followed by
esophagectomy of cT4 resectable tumors is safe.
The rates of R0 resections in previous studies

ranged from 76% to 100%.60-62 These R0 resection
rates were similar to that our study. Our NAC regimen
achieved a satisfactory rate of 85% for R0 resection.
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Chan et al.63 reported that the R0 resection (curative
resection) rate was about 80%, which was similar to
that in our trial. Additionally, the Medical Research
Council Oesophageal Cancer Working Party reported
that the R0 resection rates in NAC and surgery alone
groups were similar and did not significantly differ.64

In our study, although the resection rate in the NAC
group was better than that in the surgery alone group
(85% vs. 64.5%), the difference between the rates was
not significant (P > 0.05).

The mean numbers of lymph nodes sampled in the
NAC group and the surgery alone group were less
than those reported in a previous study.65 The mean
numbers of metastatic lymph nodes in our study had
no significant difference between the NAC group and
the surgery alone group (P > 0.05). Additionally,
the number of cases of metastatic lymph nodes was
greater than that reported in another study,64 which
reason may be due to different pathological stages.

Short-term survival outcomes

Our study results clearly showed that the NAC group
and R0 resection were significant and independent
predictors of positive prognosis in both univariate and
multivariate analyses. According to the results of mor-
tality and OS, there were better short-term survival
outcomes in the NAC group than in the surgery alone
group. The differences in mortality and OS between
the NAC group and the surgery alone group were sig-
nificant. Another study also showed a significant OS
benefit for patients in the NAC group. The median
OS time was 16 months in the NAC group compared
with 12 months in the surgery alone group.22 How-
ever, the results of a prospective randomized study in
North America comparing NAC followed by surgery
versus surgery alone showed no statistically significant
differences in the median OS (14.9 months vs. 16.1
months).65 The reason for these differences is unclear
but may be due to different NAC regimens.
Another important prognostic factor was R0 resec-

tion, as shown in the univariate and multivariable
analyses. Patients in the NAC group who under-
went R0 resection demonstrated an improved survival
time.16,66–68 In our study, although the resection rate
in the NAC group was better than that in the surgery
alone group (85% vs. 64.5%), the difference between
these rates was not significant (P> 0.05). This may be
due to the limited number of cases in our study.

LIMITATIONS

Some inevitable limitations are present in this study.
First, the sample size was considered small, although
several comparisons reached statistical significance,
which could be due to the time limitation and inclu-
sion criteria. Further studies with larger sample sizes

may lead to more accurate results. Second, the inclu-
sion of patients from a single center limits the external
generalizability of the results. Third, this study was
not randomized. A randomized control trial could not
be performed for patients with cT4 esophageal cancer
because many patients refuse for their treatment to be
determined randomly and because treatment arms are
not always performed according to plan. We, there-
fore, allowed patients to choose whether to undergo
NAC or surgery alone after informing the patients
of the tumor staging, merits, and demerits of each
treatment and the potential significance of the present
trial. Finally, we did not evaluate the recurrence and
disease-free survival in this study. As we know, it is
also an important endpoint especially in the outcome
of malignant tumor. Despite these limitations, this
prospective nonrandomized study was based on a spe-
cific group of patients diagnosed with cT4 ESCC, and
our treatments were protocol based, limiting potential
bias.

CONCLUSIONS

NAC with irinotecan and nedaplatin in a single cycle
as a newNAC regimen followed by esophagectomy on
cT4 resectable ESCC is safe and effective.
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To the Editor:
Because I (D.T.) am extremely interested in lung

transplantation, I applied for an American Association for
Thoracic Surgery (AATS) Graham Foundation for Thoracic
Surgery Training Fellowship. The goal of this fellowship is
to provide an international training and educational
experience for young thoracic surgeons from mainland
China by having them spend a focused period of between
1 month and 1 year studying clinical techniques at a host
training site in North America. Thanks to recommendation
from Dr Hiroshi Date, chief of the thoracic surgery
department at the Kyoto University Hospital, and
acceptance by Dr Shaf Keshavjee, surgeon in chief of the
University Health Network, I was fortunate to be selected
by the AATS Graham Foundation to receive a Thoracic
Surgery Training Fellowship, which took place with
Dr Shaf Keshavjee at Toronto General Hospital (TGH)
from January to March 2018.

TGH has a history of turning heparin, insulin, and
pacemakers into world firsts. Beginning with the world’s
first successful lung transplant in 1983 and continuing
with the first successful double-lung transplant in 1986,1,2

the Lung Transplantation Program has completed more
than 2000 lung transplants. In 2017 alone, about 170 lung
transplants were completed at TGH, with only about 3%
mortality. Dr Shaf Keshavjee has been part of many firsts
of lung transplantation history at TGH. His development
of a lung preservation solution that boosted the patient
survival for single-lung transplants from 50% to more
than 90%—is now a world standard. Another innovation
of his team was the technique of ex vivo lung perfusion
(EVLP), which allows lungs to be preserved at body
temperature for 12 to 18 hours.3 With the advent of EVLP,
marginal donor lungs can be monitored and assessed indi-
vidually to help transplant surgeons select lungs that are suit-
able for transplantation.4 In February, the American Society
of Transplantation awarded the Toronto Lung Transplant
Program the American Society of Transplantation Innova-
tion Award for 2018 for the clinical translation of EVLP.

I visited Dr Keshavjee in his office when I arrived at
Toronto (Figure 1). He asked me many details about what
I wanted to learn in TGH and gave me great encouragement
and suggestions for my future research plan about lung
transplantation. In addition, we talked about the current
The Journal of Thoracic and Ca
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situation of lung transplantation in China. I felt that
Dr Keshavjee was an example of just what my future
aspirations are.
I started my fellowship when I left Dr Keshavjee’s office.

Studying in the Lung Transplantation Program, I
experienced an unusually busy 2-month period. I shadowed
Lung Transplantation Program fellows and observed about
5 lung retrievals (both donor after cardiac death and donor
after brain death organs) and 15 single-lung and double
lung transplants. I joined 20 meetings and lectures, looked
around the medical surgical intensive care unit and general
ward, observed EVLP procedures, and so on. I also visited
the Latner Thoracic Surgery Research Laboratory, where I
was able to observe the Lung Transplantation Program’s
translational research efforts involving animal lung
transplantation. I gained a lot of knowledge of lung
transplantation from staff surgeons and fellows during the
2- month experience. More importantly, I am more
interested in lung transplantation than ever before. That
enthusiasm will be important in my future time at The
University of Tokyo Hospital as a PhD researcher.
In conclusion, I am very grateful to the AATS Graham

Foundation for Thoracic Surgery Training Fellowship for
providing me this great opportunity to visit TGH. I would
like to point out that this fellowship really gave me so
many wonderful treasures in TGH, and an unforgettable
experience. I thank Dr Keshavjee and his lung
rdiovascular Surgery c Volume 156, Number 2 929
-
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transplantation team for this valuable learning opportunity
and for giving me a lot of support during this fellowship.

Dong Tian, MDa

Shaf Keshavjee, MD, MScb
aDepartment of Cardiothoracic Surgery

Affiliated Hospital of North Sichuan Medical College
Nanchong, Sichuan, China

bToronto Lung Transplant Program
Department of Surgery

Toronto General Hospital
930 The Journal of Thoracic and Cardiovascular Surg
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University of Toronto
Toronto, Ontario, Canada

The Thoracic Surgery Training Fellowship was funded by
American Association for Thoracic Surgery.
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A B S T R A C T

Background: Accumulating evidence has confirmed the potential prognostic value of LVI in patients with can-
cers. This aim of the current study was to clarify the potential relationship between LVI and lymph node me-
tastasis, establish predictive clinicopathologic prognostic factors for LVI and lymph node metastasis, and de-
termine the prognostic significance of LVI for patients younger than 70 years with resected gastric cancer.
Methods: Overall survival rates were calculated using Kaplan-Meier analysis. Differences in proportions of pa-
tients were tested with the χ2 test. Univariate and multivariate analyses were applied to identify independent
prognostic factors. Logistic regression analysis was employed to identify the risk factors predicting the presence
of LVI and LN metastasis.
Results: Univariate analysis led to the identification of tumor size, LVI and pN stage as factors significantly
correlated with prognosis. Multivariate analysis demonstrated that tumor size, LVI, pN stage, and number of LNs
retrieved are independent prognostic factors for the entire population. Logistic regression analysis proved that
LVI and pT stage were significantly associated with LN metastasis.
Conclusion: LVI is an independent prognostic factor predicting LN metastasis and a strongly independent pre-
dictor of survival for patients with resected gastric cancer. We recommend that LVI should be taken into account
as an important adjuvant prognostic factor, specially for pN0 cases with inadequate LNs retrieved. And the
maximum number of LNs possible should be retrieved for optimal staging, especially for patients with higher cT
stage.

1. Introduction

Gastric cancer has emerged as a major global public health problem
[1–4] with the highest incidence in China [5]. Lymphovascular inva-
sion (LVI) is defined as tumor cell spread through the lymphatic vessels
[6]. Accumulating evidence has confirmed the potential prognostic
value of LVI in patients with cancer of the esophagus [7–9], adeno-
carcinoma of the esophagogastric junction [6], colon cancer [10], and
gastric cancer [11–14].

Importantly, the majority of previous studies have included patients
older than 80 or even 85 years [6–14]. However, the average lifespans

of men and women in China are 74 and 77 years, respectively. There-
fore, the long-term effect of curative gastrectomy for gastric cancer may
not be evaluable in such elderly patients [15], and inclusion of patients
within this age group may lead to unreliable results.

This aim of the current study was to clarify the potential relation-
ship between LVI and lymph node metastasis, establish predictive
clinicopathologic prognostic factors for LVI and lymph node metastasis,
and determine the prognostic significance of LVI for patients younger
than 70 years with resected gastric cancer.

https://doi.org/10.1016/j.ijsu.2018.03.073
Received 21 November 2017; Received in revised form 24 February 2018; Accepted 25 March 2018

∗ Corresponding author. Department of Gastrointestinal Surgery and Cancer Center, the Fourth Affiliated Hospital of China Medical University & Cancer Research Institute of China
Medical University, Shenyang 110032, Liaoning, China.

1 Contributed Equally.
E-mail addresses: cmudaidq@126.com, daidq63@163.com (D.-Q. Dai).

International Journal of Surgery 53 (2018) 214–220

Available online 31 March 2018
1743-9191/ © 2018 IJS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.

T

-170-

http://www.sciencedirect.com/science/journal/17439191
https://www.elsevier.com/locate/ijsu
https://doi.org/10.1016/j.ijsu.2018.03.073
https://doi.org/10.1016/j.ijsu.2018.03.073
mailto:cmudaidq@126.com
mailto:daidq63@163.com
https://doi.org/10.1016/j.ijsu.2018.03.073
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijsu.2018.03.073&domain=pdf


2. Methods

Between February 1984 and February 2010, 596 patients with
gastric cancer subjected to primary surgical resection in our institution
were enrolled into a retrospective database. This study was approved by
the Ethics Committee. All patient records and information were anon-
ymized and de-identified prior to analysis. The work has been reported
in line with the STROCSS criteria [16].

2.1. Surgical approach

All patients underwent potentially curative resection for histologi-
cally proven adenocarcinoma. Patients were subjected to total, prox-
imal subtotal or distal subtotal gastrectomy with standard D2 (D2) or
extended D2 (D2+) lymphadenectomy. Following gastrectomy,
Billroth I, Billroth II or Roux-Y reconstruction was performed.

2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows: histologically proven sto-
mach adenocarcinoma, curative operation, negative resection margins
(R0), complete medical records, D2 or D2+ lymphadenectomy, non-
emergent surgery. Exclusion criteria included preoperative adjuvant
therapy, laparoscopic-assisted surgery, stage IV cancer, previous or
concomitant cancer, and patients over 70 years of age.

The clinicopathologic features investigated for prognostic sig-
nificance included gender, age, type of anesthesia, blood loss, tumor
size, reconstruction type, gastrectomy, histologic grade, depth of in-
vasion (pT stage), number of regional LN metastases (pN stage), LVI,
number of lymph nodes (LN) retrieved, recurrence or metastasis, and
chemotherapy.

2.3. Pathological assessment

All specimens were analyzed by two independent and experienced
pathologists, and different opinions were resolved by discussion to es-
tablish the final diagnosis. Carcinoma lesions together with the sur-
rounding gastric wall were fixed in formalin and cut into multiple 5mm
slices in parallel with the lesser curvature. Venous invasion refers to
tumor cell lining the venous endothelial surface, and tumor cell thrombi
inside the lumen of the vein, which was identified by im-
munohistochemical staining. The 8th Edition of the American Joint
Committee on Cancer (AJCC) TNM staging classification for carcinoma
of the stomach was applied to re-stage all patients in this study.
According to the current guidelines for gastric cancer, examination of at
least 15 LNs is strongly recommended for adequate staging [17,18]. The
pathology report mainly included data on tumor size, pT stage, pN
stage, LVI, number of LNs retrieved, and histologic grade.

Fig. 1. Kaplan-Meier curves of the entire population according to LVI (Fig 1a), tumor size (Fig 1b), pN stage (Fig 1c), and LNs retrieved (Fig 1d).
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2.4. Follow-up

All patients were systematically followed up by personal contact
with a phone call until death or the cut-off date (the final follow-up was
in October 2014) over a duration of 1–368 months. The follow-up rate
was 98.0%, and 12 patients were lost to follow-up in total and were
excluded from this study. Complete histories were available for all
patients, and physical and chemical profiles were examined every 3
months for 1–2 years, every 6–12 months for 3–5 years and annually
thereafter. Overall, 596 patients younger than 70 years with resected
gastric cancer were included.

2.5. Statistical analysis

Overall survival rates were calculated using Kaplan-Meier analysis
including 95% confidence interval (95% CI), and examined with the
log-rank test. The number at risk is shown on all Kaplan-Meier curves
(Figs. 1–2). Differences in proportions of patients were tested with the
χ2 test. Univariate analysis with log-rank test and multivariate analysis
were applied to identify independent prognostic factors. Logistic re-
gression analysis was employed to identify the risk factors predicting
the presence of LVI and LN metastasis. A p value of less than 0.05 was

considered significant. All statistical analyses were performed using
SPSS Statistical Software (version 22.0) (SPSS, Inc., Chicago, IL, USA).

3. Results

A total of 62 patients older than 70 years (age range: 71–90 years) of
age were excluded. Overall, 596 patients with resected gastric cancer
were assessed for eligibility. The age range of the entire patient popu-
lation was between 30 and 70 years. Among the patients examined,
absence of LVI (LVI-) was confirmed in 519 and presence of LVI (LVI+)
in 77 patients. Within the LVI- group, 134 (25.8%) were female and 385
(74.2%) were male. The LVI+ group comprised 22 (28.6%) female and
55 (71.4%) male patients.

The two groups (LVI- and LVI+) were balanced with respect to
gender (p = 0.608), age (p = 0.931), type of anesthesia (p = 0.414),
blood loss (p = 0.102), tumor size (p = 0.964), reconstruction type
(p = 0.273), gastrectomy (p = 0.511), histologic grade (p = 0.413), pT
stage (p = 0.740), number of LNs retrieved (p = 0.786), recurrence or
metastasis (p = 0.987), and chemotherapy (p = 0.664). We observed a
significant difference only in pN stage (p < 0.001) between LVI- and
LVI+ groups in Table 1.

Univariate analysis led to the identification of tumor size

Fig. 2. Kaplan-Meier curves comparing LVI- and LVI+ patient groups with tumor sizes< 4 cm (Fig 2a), tumor sizes ≥ 4 cm (Fig 2b), LNs retrieved ≥ 15 (Fig 2c),
and LNs retrieved < 15 (Fig 2d).

C.-D. Zhang et al. International Journal of Surgery 53 (2018) 214–220

216-172-



(p= 0.043), LVI (p < 0.001) and pN stage (p < 0.001) as factors
significantly correlated with prognosis. All clinicopathologic factors
were included in the first step of multivariate analysis, which demon-
strated that tumor size (RR, 1.332; 95% CI, 1.062–1.671, p= 0.013),
LVI (RR, 1.487; 95% CI, 1.122–1.971, p=0.006), pN stage (RR, 1.413;
95% CI, 1.282–1.558, p < 0.001), and number of LNs retrieved (RR,
1.304; 95% CI, 1.057–1.608, p= 0.013) are independent prognostic
factors for the entire population. In the second step of multivariate
analysis, histological grade, pT stage, and chemotherapy were added.
Notably, tumor size (RR, 1.319; 95% CI, 1.054–1.650, p=0.015), LVI
(RR, 1.489; 95% CI, 1.127–1.968, p=0.005), pN stage (RR, 1.422;
95% CI, 1.290–1.566, p < 0.001), and number of LNs retrieved (RR,
1.298; 95% CI, 1.054–1.599, p=0.014) remained independent prog-
nostic factors. The 5-year overall survival rates (5-YSR) are presented in
Table 2. Survival curves comparing LVI, tumor size, pN stage, and

number of LNs retrieved are shown in Fig. 1.
Prognosis for patients in the LVI- and LVI+ groups stratified by

tumor size, pN stage, LVI and number of LNs retrieved was compared.
Patients in the LVI+ group had significant poorer 5-YSR than those in
the LVI- group. Significant differences in 5-YSR were observed in the
entire population (37.7% for LVI+ vs. 59.9% for LVI-, p < 0.001; log-
rank test) as well as patients with tumor sizes less than 4 cm (45.5% for
LVI+ vs. 66.7% for LVI-, p = 0.012; log-rank test), tumor sizes ≥4 cm
(34.5% for LVI+ vs. 56.7% for LVI-, p < 0.001; log-rank test), ade-
quate LNs retrieved (47.5% for LVI+ vs. 57.5% for LVI-, p = 0.026;
log-rank test), and inadequate LNs retrieved (27.0% for LVI+ vs. 61.6%
for LVI-, p < 0.001; log-rank test). Importantly, patients in the LVI+
group with inadequate LNs retrieved had poorer 5-YSR (27.0%) than
those in the LV1- group with lymph node metastasis (73.2% for pN1
and LVI-, 57.9% for pN2 and LVI-, 40.6% for pN3 and LVI-, 30.8% for
pN3 and LVI-) in Table 3. Survival curves comparing LVI+ and LVI-
groups stratified by tumor size and LNs retrieved are shown in Fig. 2.

Logistic regression analysis was applied to determine the risk factors
predictive of LVI+, including tumor size, histologic grade, pT stage. No
risk factors were found to be significantly correlated with LVI+ in
Table 4. Further logistic regression analysis was applied to determine
the risk factors predictive of LN metastasis, including tumor size, his-
tologic grade, pT stage, and LVI. Among the factors examined, LVI (RR,
3.760; 95% CI, 2.087–6.774, p < 0.001) and pT stage (RR, 1.505; 95%
CI, 1.272–1.780, p < 0.001) were significantly associated with LN
metastasis in Table 5.

4. Discussion

Increasing evidence has confirmed the potential prognostic value of
LVI in patients with solid tumors [6–14]. An earlier retrospective study
suggested that careful search for vascular invasion in gastric cancer may
provide useful information for identifying patients at high risk aged
between 23 and 90 years suitable for adjuvant therapy [11]. LVI has
been confirmed as an independent prognostic factor in patients aged
32.5–81.1 years with esophageal squamous cell carcinoma [8]. More-
over, LVI has been identified as a strong and independent prognostic
factor, and recommended into the TNM staging system for patients aged
17–89 years with primary resected adenocarcinoma of the esophago-
gastric junction [6].

The majority of previous studies have included patients aged older
than 80 or even 85 years. As the average lifespans of men and women in
China are 74 and 77 years, respectively, the results would not be as
reliable if elderly patients over these age groups are included [15]. If we
included patients older than 70 years, they may die because of their
own lifespans within 5 years after the surgery, rather than recurrence of
metastasis of gastric cancer. Moreover, the 5-YSR of patients is an im-
portant index for patients with cancer. Therefore, we only included
patients with resected gastric cancer aged younger than 70 years in the
present study. However, age selection bias may exist in the current
study.

Our two-step multivariate analysis led to the identification of tumor
size, LVI, pN stage and adequate or inadequate number of LNs retrieved
as independent poor prognostic factors. Tumor sizes ≥4 cm, presence
of LVI, higher pN stage, and inadequate number of LNs retrieved were
associated with poorer 5-YSR. Considering prognosis, 5-YSR of patients
in the LVI+ group was significantly poorer than that of patients
without LVI stratified by tumor size and adequate or inadequate
number of LNs retrieved. Notably, patients with LVI and inadequate
number of LNs retrieved had a 5-YSR of 27.0%, suggesting that both LVI
and number of LNs retrieved are prognostic factors for patients with
resected gastric cancer.

Considering that pN stage is the most valuable prognostic factor for
gastric cancer, we conducted logistic regression analysis of risk factors
predictive of LN metastasis [19,20], which revealed a close relationship
of metastasis with pT stage and LVI. Importantly, cancers with LVI+

Table 1
Differences in clinicopathologic features in groups of patients with absence and
presence of LVI subjected to gastrectomy.

Variables LVI – n (%) LVI+ n (%) p value

Gender 0.608
Female 134 (25.8) 22 (28.6)
Male 385 (74.2) 55 (71.4)

Age, years 0.931
< 65 375 (72.3) 56 (72.7)
≥ 65 144 (27.7) 21 (27.3)

Type of anesthesia 0.414
General anesthesia 437 (84.2) 62 (80.5)
Epidural anesthesia 82 (15.8) 15 (19.5)

Blood loss, ml
< 500 479 (92.3) 75 (97.4) 0.102
≥ 500 40 (7.7) 2 (2.6)

Tumor size, cm 0.964
< 4 147 (28.3) 22 (28.6)
≥ 4 372 (71.7) 55 (71.4)

Reconstruction type 0.273
Billroth I 428 (82.5) 58 (75.3)
Billroth II 72 (13.9) 16 (20.8)
Roux-Y 19 (3.6) 3 (3.9)

Gastrectomy 0.511
Total 39 (7.5) 5 (6.5)
Proximal subtotal 54 (10.4) 5 (6.5)
Distal subtotal 426 (82.1) 67 (87.0)

Histologic grade 0.413
G1 41 (7.9) 4 (5.2)
G2 168 (32.4) 20 (26.0)
G3 278 (53.5) 49 (63.6)
G4 32 (6.2) 4 (5.2)

pT stage a 0.740
pT1 79 (15.2) 11 (14.3)
pT2 126 (24.3) 17 (22.1)
pT3 177 (34.1) 24 (31.2)
pT4a 137 (26.4) 25 (32.4)

pN stage a < 0.001
pN0 257 (49.5) 16 (20.8)
pN1 114 (22.0) 15 (19.5)
pN2 96 (18.5) 25 (32.4)
pN3 52 (10.0) 21 (27.3)

Number of LNs retrieved 0.786
Adequate, n≥ 15 261 (50.3) 40 (51.9)
Inadequate, n < 15 258 (49.7) 37 (48.1)

Recurrence or metastasis 0.987
Absent 350 (67.4) 52 (67.5)
Present 169 (32.6) 25 (32.5)

Chemotherapy 0.664
No 449 (86.5) 68 (88.3)
Yes 70 (13.5) 9 (11.7)

Two tailed t-tests of mean ± standard deviation (SD); n, number of patients;
LNs, lymph nodes; LVI-, absence of lymphovascular invasion; LVI+, presence of
lymphovascular invasion; G1, well differentiated; G2, moderately differ-
entiated, G3, poorly differentiated, G4, undifferentiated.

a The 8th Edition of the American Joint Committee on Cancer (AJCC) TNM
staging classification for carcinoma of the stomach.
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had significant high risk of LN metastasis. Our data highlight the im-
portance of LVI for prognosis and its relationship with LN metastasis.
LVI may additionally be an effective predictor of LN metastasis.
Moreover, pT may be applied as a predictor of LVI. Thus, cancers with
higher pT stage may have higher risk of LN metastasis. Patients with
higher clinical T stage (cT stage) should therefore be paid more atten-
tion and as many LNs (at least 15 if not more) as possible retrieved for
accurate staging [17,18], which may be greatly improved with the
availability of effective diagnostic methods, such as endoscopic ultra-
sound (ESU), CT, PET/CT, MRI, and diagnostic staging laparoscopy
(DSL) [21–26].

Similarly, we conducted logistic regression analysis to determine

the risk factors of LVI. No risk factors were found to be significantly
correlated with LVI+. It is our belief that although the current NCCN
guidelines for gastric cancer strongly recommend the examination of at
least 15 LNs for adequate staging, some patients still have less than 15
LNs retrieved. For pT1, N0 patients (R0 resection), adjuvant therapy is
not recommended by the NCCN guidelines. In addition, for pT2, N0
patients, surveillance is also an option. However, for those pT1-2, N0,
and LVI+ patients with inadequate LNs retrieved, and who did not
receive adjuvant therapy postoperatively, these patients may have a
poor survival rate. Therefore, we believe that LVI should be taken into
account as an important adjuvant prognostic factor, especially for pT1-
2, N0 patients with inadequate LNs retrieved. A previous study also

Table 2
Univariate and multivariable analyses of prognostic factors for the entire study population.

Variables Univariate analysis Multivariate analysis 1b Multivariate analysis 2c

n (%) 5-YSR (%) p value RR 95% CI p value RR 95% CI p value

Gender 0.121
Female 156 (26.2) 62.2
Male 440 (73.8) 54.8

Age, years 0.627
< 65 431 (72.3) 56.1
≥ 65 165 (27.7) 58.2

Type of anesthesia 0.960
General anesthesia 499 (83.7) 56.7
Epidural anesthesia 97 (16.3) 56.7

Blood loss, ml 0.473
< 500 554 (93.0) 56.5
≥ 500 42 (7.0) 59.5

Tumor size, cm 0.043 1.332 1.062–1.671 0.013 1.319 1.054–1.650 0.015
< 4 169 (28.4) 63.9
≥ 4 427 (71.6) 53.9

Reconstruction type 0.176
Billroth I 486 (81.5) 58.8
Billroth II 88 (14.8) 46.6
Roux-Y 22 (3.7) 50.0

Gastrectomy 0.897
Total 44 (7.4) 59.1
Proximal subtotal 59 (9.9) 62.7
Distal subtotal 493 (82.7) 55.7

Histologic grade 0.925
G1 45 (7.6) 62.2
G2 188 (31.5) 54.3
G3 327 (54.9) 56.9
G4 36 (6.0) 61.1

LVI < 0.001 1.487 1.122–1.971 0.006 1.489 1.127–1.968 0.005
LVI- 519 (87.1) 59.5
LVI+ 77 (12.9) 37.7

pT stage a 0.372
pT1 90 (15.1) 61.1
pT2 143 (24.0) 55.2
pT3 201 (33.7) 55.7
pT4a 162 (27.2) 56.8

pN stage a < 0.001 1.413 1.282–1.558 < 0.001 1.422 1.290–1.566 <0.001
pN0 273 (45.8) 72.5
pN1 129 (21.6) 55.0
pN2 121 (20.3) 38.8
pN3 73 (12.3) 30.1

Number of LNs retrieved 0.980 1.304 1.057–1.608 0.013 1.298 1.054–1.599 0.014
Adequate, n≥ 15 301 (50.5) 56.1
Inadequate, n < 15 295 (49.5) 57.3

Recurrence or metastasis 0.208
Absent 402 (67.4) 58.2
Present 194 (32.6) 53.6

Chemotherapy 0.362
No 517 (86.7) 56.5
Yes 79 (13.3) 58.2

n, number of patients; LNs, lymph nodes; RR, relative risk; 95% CI, 95% confidence interval; 5-YSR, five-year overall survival rate (%); LVI-, absence of lympho-
vascular invasion; LVI+, presence of lymphovascular invasion; G1, well differentiated; G2, moderately differentiated, G3, poorly differentiated, G4, undifferentiated.

a The 8th Edition of the American Joint Committee on Cancer (AJCC) TNM staging classification for carcinoma of the stomach.
b All clinicopathologic factors were included in the first multivariate analysis.
c Histological grade, pT stage, and chemotherapy were also included in the second multivariate analysis.
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suggested that adjuvant therapy should be considered for LVI+ patients
[27]. Therefore, pathology reports in the future should include assess-
ment of LVI. We recommend that LVI should be taken into account as
an important adjuvant prognostic factor, especially for pN0 patients
with inadequate LNs retrieved. The key for an adequate prognostic
assessment of gastric cancer is an adequate lymph node yield. Though
the NCCN guidelines for gastric cancer strongly recommend the ex-
amination of at least 15 LNs for adequate staging, more lymph node
dissection will be better. It is quite obvious that a LVI+ case with in-
adequate lymph node yield may be misdiagnosed as a N0, being instead
a N1, considering the skip metastases issue and the aggressivity of
histologic pattern. Therefore, this could lead to undertreatment. A
dissection of less than 15 lymph nodes is an inadequate treatment for
gastric cancer, which may be not an ideal surgery. Importantly, the LV
paten can be an additional help to stratify the risk of recurrence. As far
as we are concerned that a retrospective study may be liable for biases;

therefore, further multicenter, randomized controlled trials, especially
containing postoperative pathology reports as subject, are required.

Overall, our results indicate that LVI is an independent prognostic
factor predicting LN metastasis and a strongly independent predictor of
survival for patients with resected gastric cancer, specially pN0 cases
with inadequate LNs retrieved. In addition, the maximum number of
LNs possible should be retrieved for optimal staging, especially for
patients with higher cT stage. However, the results of the current study
need to be interpreted with caution and further multicenter, rando-
mized controlled trials are required to validate our findings.
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A B S T R A C T

Background: The benefits and risks of laparoscopic distal gastrectomy (LADG) are not yet sufficiently clear for
acceptance as a standard treatment of early gastric cancer. Previous meta-analyses were not powered to reach
definitive conclusions.
Materials and Methods: Randomized controlled trials comparing LADG with open distal gastrectomy (ODG) for
early gastric cancer in Asia and published between January 1994 and January 2018 were retrieved from
PubMed, Embase, the Cochrane Library, and Google Scholar. Patient characteristics, oncological safety and
efficacy, and surgical safety were evaluated following Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and Grading of Recommendations Assessment, Development and Evaluation guidelines
(GRADE) guidelines. Trial Sequential Analysis (TSA) reduced random error and reinforced the reliability and
strength of evidence.
Results: Eight trials including 2666 participants were selected. LADG benefits were an 11.6 cm shorter incision
(95% CI: −13.31 to −9.88 cm; P < 0.0001), 103.81ml less blood loss (95% CI: −133.68 to −73.94;
P < 0.0001), 1.73 times less analgesic use (95% CI: −2.21 to −1.24; P < 0.0001), 0.51 days shorter time to
first flatus (95% CI: −0.88 to −0.15 days; P=0.006), lower risk of wound dehiscence (RR=0.24, 95% CI:
0.08–0.78; P=0.02), lower risk of surgical adverse events (RR=0.69, 95% CI: 0.53–0.91; P=0.008), and
lower risk of respiratory complications (RR=0.40; 95% CI: 0.20–0.79; P=0.009) than ODG. LADG had 2.22
fewer resected lymph nodes (95% CI: −4.33 to −0.12; P=0.04) and 76.61 min longer procedures (76.61min,
95% CI: 57.74–95.47min; P < 0.0001).
Conclusions: In Asian patients, LADG had similar mortality and oncological safety, better surgical safety, less
operative morbidity, less trauma, and faster recovery than ODG. It has a high role to play in node-negative cases
due to better short-term outcomes but less nodal harvest. It is a recommended alternative treatment for ex-
perienced surgeons in high-volume centers.

1. Introduction

Gastric cancer is a public health concern worldwide, and especially
in Asia [1–3]. Laparoscopic distal gastrectomy (LADG) for gastric
cancer was introduced by Kitano et al., in 1994 [4]. Since then, interest
in this minimally invasive surgical procedure for the treatment of pa-
tients with gastric cancer has been increasing. Its perceived benefits
include less trauma, operative blood loss, morbidity, and postoperative
pain, and accelerated recovery than open distal gastrectomy (ODG);
simultaneously, its perceived risks are related to its complexity and a
long learning curve that can prolong the procedure, uncertain surgical
safety, inadequate lymph node clearance, and incomplete resection

[5–14]. LADG is not yet a standard technique for resection of gastric
cancer. Further study is needed before it can be recommended.

LADG is technically complex compared with ODG, and the resulting
need for adequate training and experience is one reason that this
technique has not yet become accepted worldwide as an alternative
gastric cancer treatment. In addition, oncological and surgical safety
need to be guaranteed before adoption. It may take longer for LADG to
be routinely used to treat patients with advanced than early gastric
cancer. LADG is more frequently used to treat patients in Asian coun-
tries such as Japan and South Korea, where screening programs have
resulted in higher rates of early diagnosis than in other counties
[1,15–17]. As early gastric cancer is highly curable, close attention
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should be paid to surgical safety.
The results of randomized controlled trials (RCTs) [5–14] and non-

RCTs [18–23] comparing LADG and ODG in patients with early gastric
cancer are inconsistent, and previous meta-analyses of RCTs have
lacked statistical power [24–32]. Potential bias is likely to be greater for
non-RCTs because the quality of evidence is lower than that of RCTs.
Consequently, the results of meta-analyses including non-RCTs should
be interpreted with caution [33]. The two most recent meta-analyses
that included only RCTs included 390 and 732 patients, respectively
[31,32]. They lacked adequate power to reach definitive conclusions
and may have included false positive errors. Three additional RCTs
including 2359 patients have been published and will strengthen the
current evidence [34–36]. Before a recommendation for routine clinical
use of LADG for patients with early gastric cancer can be made, a high
level of evidence is required.

This meta-analysis of the latest available evidence from RCTs re-
evaluated the safety and efficacy of LADG compared with ODG. It tar-
geted early gastric cancer because its low probability of lymph node
metastasis. The quality of the evidence was evaluated by the Grading of
Recommendations Assessment, Development and Evaluation (GRADE)
tool [37,38], and Trial Sequential Analysis (TSA) was used to determine
whether the current evidence was sufficient and conclusive [39–43].

2. Materials and methods

The meta-analysis included the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA, http://www.prisma-
statement.org/) checklist [44]. No registered protocol was applied in
the current meta-analysis. The Cochrane Handbook for Systematic Re-
view of Interventions was applied to perform the meta-analysis [33].
The meta-analysis data is available on any reasonable request.

2.1. Search strategies

PubMed, Embase, the Cochrane Library, and Google Scholar were
searched for articles published from January 1994 to January 2018 [4],
without language restriction. Other non-English language articles were
screened using Google Translate (https://translate.google.cn/). The
search used Medical Subject Headings (MeSH) and keywords including
MeSH “Laparoscopy”, and keywords “laparoscopic”, and “laparoscopy-
assisted” and MeSH “Stomach Neoplasms” and keywords “gastric
cancer” and “stomach cancer”. Additional searches were performed in
the ClinicalTrials.gov registry (www.clinicaltrials.gov) and the re-
ference lists of retrieved studies to identify other potentially eligible
articles.

2.2. Selection criteria

RCTs were eligible for inclusion if they included patients with early
gastric cancer requiring distal gastrectomy and not suitable for endo-
scopic mucosal resection (EMR) or endoscopic submucosal dissection
(ESD). The eligible interventions were LADG or laparoscopy-assisted
distal gastrectomy and comparison with ODG. Eligible studies reported
more than one of the following outcomes: procedure-related, post-
operative, prognosis, and adverse events.

2.3. Screening and extraction

Two authors independently carried out the initial screening and
removed duplicates. References in the included RCTs were screened for
eligible articles. All discrepancies were resolved by discussion. If two or
more articles were published by the same team from the same institute
and contained the same or some of the same participants, only the most
detailed article was included. The first author, year of publication,
country, number of participants, mean age, treatment, study design,
follow-up, reconstruction type, lymph node dissection, surgeon

experience, and outcomes data were extracted from each included
study. The patient characteristics included age, body mass index (BMI),
tumor size, procedure time, length of incision, blood loss, blood
transfusion volume, reoperation, operation-related deaths, analgesic
use, time to first flatus, time to first water/food intake, postoperative
hospital stays, number of lymph nodes retrieved, positive lymph nodes,
recurrence, wound infection, wound dehiscence, anastomotic stenosis,
postoperative bleeding, delayed gastric emptying, intra-abdominal ab-
scess/fluid collection, pancreatic complications, chyle leakage, overall
surgical adverse events, respiratory complications, and surgeon ex-
perience. Accordingly, recurrence was recorded until the end of the
follow-up periods [5–9,34–36].

2.4. Risk of bias assessment

Two authors independently evaluated the risk of bias for each RCT
using the Cochrane Risk of Bias tool [33,45]. The risk of bias in random
sequence generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting, and others was scored as high, low or unclear
[33,45]. Blinding of participants and personnel was difficult to perform
in these RCTs, but the outcomes may be less prone to be influenced by
lack of blinding. Any disagreements were resolved by discussion.

2.5. Quality of evidence

Two authors independently assessed the quality of evidence pro-
vided by the study outcomes using the GRADE tool (version 3.2,
GRADEpro, https://gradepro.org/). The risk of bias, inconsistency, in-
directness, imprecision, and other considerations were included in the
evaluation, and were scored as very low, low, moderate, and high
quality [37,38]. The quality of evidence for operation-related deaths,
lymph nodes retrieved, recurrence, reoperation, overall surgical ad-
verse events, and time to first flatus, and other outcomes were eval-
uated.

2.6. Statistical analysis

The statistical analysis was performed using Review Manager 5.3.5
(Nordic Cochrane Centre), which is recommended by both the PRISMA
statement and the Cochrane Library [33,44], and included intention-to-
treat populations. Dichotomous variables were assessed by risk ratios
(RRs) with 95% confidence intervals (CIs). Continuous variables were
assessed by mean differences (MDs) with 95% CIs. A P value < 0.05
was considered statistically significant. A random-effects model was
applied to account for methodological or clinical heterogeneity. Meth-
odological heterogeneity among the RCTs was quantified by I2 and P
values, and I2>50% or P < 0.10 indicated significant methodological
heterogeneity [33,37]. Publication bias was assessed in funnel plots
[44,46]. Sample means and standard deviation (SD) were estimated
from sample size, median, range and/or interquartile range, if means
and SD were not directly reported in the RCTs [47,48].

2.7.

TSA can reduce false positive (type I) errors by combining the re-
quired information size (RIS) and adjusted threshold for statistical
significance [39–43]. As early gastric cancer is a highly curable disease;
more attention was paid to surgical than to oncological safety in this
meta-analysis. Thus, TSA was conducted to estimate the RIS of the
overall surgical adverse events using α=0.05, and β=0.20 (a power
of 80%). The conclusion was sufficient and credible if the cumulative z
curve crossed either the trial sequential monitoring boundary or the
RIS, with no requirement for further trials [39–43]. TSA software ver-
sion 0.9.5.10 beta (http://www.ctu.dk/tsa) was used for this analysis.
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3. Results

3.1. Trial selection

A flow diagram of the trial selection process and reasons for ex-
clusion is shown (Fig. 1). A total of 331 articles were retrieved, and
after removing duplicates and screening the abstract, and full text if
necessary, the full text of the 29 remaining articles were screened for
eligibility [5–14,18–32,34–36,49]. One article not associated with early
gastric cancer [49], six that were not RCTs [18–23], and nine meta-
analyses were excluded [24–32]. Of the remaining 13 RCTs
[5–14,34–36], five were excluded because they were thought to be
published by the same team from the same institute, and contained the
same or some of the same, participants [10–14]. Eight RCTs were
eventually included in the meta-analysis [5–9,34–36]. Necessary in-
formation was still obtained from the five excluded trials [10–14].

3.2. Trial characteristics

Five trials were from Japan and three were from South Korea. They
were published between 2002 and 2017, the sample sizes ranged from
28 to 1,384, and a total of 2666 patients were included. The mean age
of LADG patients ranged from 56 to 63.2 years; that of ODG patients
was 54.5–63.5 years. The median follow-up ranged from 14 to 74.3

months. The reconstruction types in three trials included B-I, B-II, and
Roux-en-Y [5,34,35], and B-1 was the only reconstruction performed in
four trials [6–9]. The lymph node dissection types included D1, mod-
ified D2 lymphadenectomy (D1+), and D2 lymphadenectomy. The
surgeon experience, study design, and outcomes are summarized in
Table 1.

3.3. Risk of bias assessment

The risk of bias evaluation of the included RCTs is summarized in
Table 2 and Fig. 2. Allocation concealment risk was unclear in five trials
[6–9,35], high risk in two [5,34], and low risk in only one trial [36].
Blinding of participants and personnel is difficult to perform in clinical
trials, and bias was at high risk in six [5,7,8,34–36], unclear risk in one
[9], and at low risk in only one [6]. All trials were at low risk of bias in
generation of random number sequences, blinding of outcome assess-
ment, incomplete outcome data, selective reporting and others
[5–9,34–36].

3.4. Patient baseline characteristics

The patient baseline characteristics are summarized in Table 3,
Fig. 3, and Figs. S1–S3. There were no significant differences in age (MD
−0.28 years, 95% CI, −1.75 to 1.19 years, P=0.71; Fig. S1)

Fig. 1. Flow diagram of study selection.
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[5–9,34–36], BMI (MD −0.02, −0.23 to 0.20, P=0.88; Fig. S2)
[5–7,34–36], or tumor size (MD −0.13 cm, −0.40 to 0.14 cm,
P=0.33; Fig. S3) [5,6,9,34–36] in the LADG and ODG groups.

3.5. Procedure-related outcomes

The procedure-related outcomes are summarized in Table 3, Fig. 4,
and Figs. S4–S9. The procedure duration was 76.61min longer (95% CI:
57.74–95.47min, P < 0.0001; Fig. S4) [5–9,34–36], the incision was
11.60 cm shorter (95% CI: −13.31 to −9.88 cm, P < 0.0001; Fig. S5)
[5,6,8,9,34], and the blood loss was 103.81ml less (95% CI: −133.68
to −73.94ml P < 0.0001; Fig. S6) [8–12,34–36] with LADG than with
ODG. There were no differences between LADG and ODG in blood
transfusion volumes (RR 0.90; 95% CI: 0.35–2.33, P=0.83; Fig. S7)
[5–7,34,35], reoperation (RR 0.85, (95% CI: 0.38–1.93, P=0.70; Fig.
S8) [34–36], or operation-related deaths (RR 2.03, 95% CI: 0.37–11.07;
P=0.41; Fig. S9) [5–9,34–36].

3.6. Postoperative outcomes

The postoperative outcomes are summarized in Table 3, Fig. 5, and
Figs. S10–S13. Use of analgesics was 1.73 times less (95% CI: −2.21 to
−1.24, P < 0.0001; Fig. S10) [7–9,36], and time to first flatus was
0.51 days shorter (95% CI −0.88 to −0.15 days P=0.006; Fig. S11)
[5,7–9,34,36] with LADG than with ODG. The differences between
LADG and ODG in time to first intake water/food (−0.45 days; 95% CI:
−1.40 to 0.50 days, P=0.35; Fig. S12) [5,7–9], and duration of
postoperative hospital stay (−1.02 days, 95% CI: −2.06 to 0.01 days,
P=0.05; Fig. S13) [5,7–9,35,36] were not significant.

3.7. Prognosis outcome

The prognosis outcomes are summarized in Table 3, Fig. 6, and Figs.
S14–S16. LADG patients had 2.22 fewer resected lymph nodes than
ODG patients (95% CI: −4.33 to −0.12; P=0.04, Fig. S14)
[5–9,34–36]. There were no significant differences in positive lymph
nodes (RR 0.93, 95% CI: 0.74–1.18; P=0.57; Fig. S15) [7–9,35,36], or
recurrence (RR 0.50, 95% CI: 0.05–5.41; P=0.57; Fig. S16)
[5,7–9,36].

3.8. Adverse event outcomes

The adverse event outcomes are summarized in Table 3, Fig. 7, and
Figs. S17–S28. Wound dehiscence (RR 0.24, 95% CI: 0.08–0.78;

P=0.02; Fig. S18) [34,35] and risk of respiratory complications (RR
0.40, 95% CI: 0.20–0.79; P=0.009; Fig. S28) were lower with LADG
than with ODG [7–9,34–36]. Seven RCTs including 2626 participants
reported the overall occurrence of surgical adverse events
[5,7–9,34–36]. LADG had a significant lower risk of surgical adverse
events than ODG (RR 0.69, 95% CI: 0.53–0.91; P=0.008; Fig. S27)
[5,7–9,34–36]. The TSA cumulative z curve crossed the trial sequential
monitoring boundary for benefit in LADG, indicating that the evidence
is sufficient and conclusive (Fig. 8). TSA thus indicated that early gas-
tric cancer patients would benefit from LADG by having fewer surgical
adverse events compared with ODG. Additional RCTs might not be
required and might be unlikely to change the current conclusion.

There were no significant differences between LADG and ODG in
infection (RR 1.11, 95% CI: 0.47–2.60; P=0.81; Fig. S17) [5,8,34,35],
anastomotic stenosis (RR 1.00, 95% CI: 0.28–3.63; P=1.00; Fig. S19)
[7,8,34–36], anastomotic leakage (RR 0.63, 95% CI: 0.24–1.65,
P=0.34; Fig. S20) [7,34,35], postoperative bleeding (RR 0.69, 95% CI:
0.40–1.19; P=0.18; Fig. S21) [5,34–36], postoperative obstruction/
ileus (RR 0.82, 95% CI 0.44–1.55; P=0.54; Fig. S22) [34,35], delayed
gastric emptying (RR 0.46, 95% CI: 0.16–1.30; P=0.14; Fig. S23)
[5,9,34,36], intra-abdominal abscess/fluid collection (RR 0.71, 95% CI:
0.36–1.39; P=0.31; Fig. S24) [5,34–36], pancreatic complications (RR
1.67, 95% CI: 0.40–6.90; P=0.48; Fig. S25) [9,34,35], or chyle
leakage (RR 0.34, 95% CI: 0.01–8.31, P=0.51; Fig. S26) [34,35].

3.9. Learning curve and surgeon experience

Six RCTs reported surgeon experience [6,7,9,34–36], three gave the
minimum experience, which ranged from 30 to 100 cases for LADG, and
50 to 500 cases for ODG [34–36]. Three noted that the surgeons or
surgical team included “a single surgeon well trained in both LADG and
ODG” [6], “a single surgical team that had wide experience with open
and laparoscopic procedures” [7], and “an experienced surgeon with
the same surgical team” [9].

3.10. GRADE working group scores of evidence and publication bias

GRADE working group evidence scores for the RCT outcomes are
summarized in Table 4. The level of evidence was low for operation-
related deaths [5–9,34–36], lymph nodes retrieved [5–9,34–36], and
overall survival-adverse events [5,7–9,34–36]; and very low for recur-
rence [5,7–9,36], reoperation [34–36], and time to first flatus
[5,7–9,34,36]. The funnel plots showing publication bias are shown in
Fig. 9. Publication bias was indicated by funnel plot asymmetry, the

Table 2
Risk of bias in the included trials assessed with the Cochrane Risk of Bias tool.

Included Trials Random Sequence
Generationa

Allocation Concealmentb Blinding of Participants
and Personnelc

Blinding of
Outcome Assessmentd

Incomplete
Outcome Datae,h

Selective Reportingf Other Biasg

Katai 2017 [34] Low risk High risk High risk Low risk Low risk Low risk Low risk
Kim 2016 [35] Low risk Unclear risk High risk Low risk Low risk Low risk Low risk
Yamashita 2016 [36] Low risk Low risk High risk Low risk Low risk Low risk Low risk
Kim 2013 [5] Low risk High risk High risk Low risk Low risk Low risk Low risk
Takiguchi 2013 [6] Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk
Hayashi 2005 [7] Low risk Unclear risk High risk Low risk Low risk Low risk Low risk
Lee 2005 [8] Low risk Unclear risk High risk Low risk Low risk Low risk Low risk
Seigo 2002 [9] Low risk Unclear risk Unclear risk Low risk Low risk Low risk Low risk

RCTs, randomized controlled trails.
a Selection bias.
b Selection bias.
c Performance bias.
d Detection bias.
e Attrition bias.
f Reporting bias.
g Other source of bias.
h Blinding of participants and personnel was difficult in these RCTs, but the outcomes may be less prone to be influenced by lack of blinding.
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absence of RCTs with negative results, and a total of less than nine
included RCTs [33,46].

4. Discussion

Early gastric cancer is considered highly curable because of a low
probability of lymph node metastasis. LADG cannot be recommended
for routine treatment of patients with gastric cancer if its superiority to
ODG is not guaranteed. This technically complex and time-consuming
procedure should be initially evaluated in early stage disease, and a
considerably longer evaluation may be required before LADG is routi-
nely used to advanced gastric cancer. Existing screening programs may
account for the higher incidence and diagnosis of early gastric cancer in
Japan and South Korea than in western countries [1,15–17]. Further-
more, surgeons in Asian countries, especially Japan and South Korea,

might be more experienced in the surgical treatment of gastric cancer
than those in western countries. Also, patients in Asia have average
lower BMIs than western patients. Previous studies found that a high
BMI did not increase the incidence of surgical complications of LADG
compared with ODG [50,51]. However, patients with higher BMIs will
increase the technical complexity of LADG, with risk of less nodal
harvest, prolonged procedure time, and increased postoperative blood
loss. Accordingly, this meta-analysis limited the comparison of LADG
with ODG in early gastric cancer.

Before evaluation of the oncological safety and effectiveness of
LADG, its surgical safety should be guaranteed. This meta-analysis
found LADG took longer time than ODG. LADG with lymphadenectomy
is a relatively new, time-consuming procedure that is technically
complex, but surgeons can overcome those issues through continuous
training. Compared with ODG, LADG offers significant benefits of less

Fig. 2. A Bias risk summary for each element in all included trials; B Bias risk for each element as a percentage across all included trials.
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operative blood loss, postoperative pain, overall risk of surgical adverse
events, and respiratory complications [5–9,34–36]. Those benefits may
be attributed to the less invasive nature of LADG compared with ODG,
which contributed to enhanced recovery after surgery. The reason for
less operative blood loss in LADG patients may be attributed to the
magnified view through the monitor, which permits meticulous dis-
section to prevent unexpected bleeding, thus preventing interference
with surgical vision by blood accumulation. Intra-abdominal bleeding

may also lead to reoperation [35]. LADG was also associated with a
shorter time to first flatus, and a tendency toward a shorter duration of
postoperative hospital stay, although the difference did not reach sig-
nificance (MD −1.02, 95% CI: −2.06 to 0.01; P=0.05) [5–9,34–36].
No procedure-associated differences in reoperation or operation-related
deaths were found, which supported the safety of LADG. The current
evidence supports the surgical safety and rapid recovery of LADG.

Oncological safety is of great importance for surgical treatment of

Table 3
Main results of meta-analyses including all the outcomes.

Variable No. of Trials No. Participants Effect Estimate
RR/MD (95% CI)

P Value

LADG Total

Patient baseline characteristics
Age (years) [5–9,34–36] 8 1328 2666 MD, −0.28 (−1.75, 1.19) 0.71
BMI [5–7,34–36] 6 1290 2591 MD, −0.02 (−0.23, 0.20) 0.88
Tumor size (cm) [5,6,9,34–36] 6 1290 2591 MD, −0.13 (−0.40, 0.14) 0.33
Procedure-related outcomes
Operation time (mins) [5–9,34–36] 8 1328 2666 MD, 76.61 (57.74, 95.47) < 0.0001*
Length of incision (cm) [5,6,8,9,34] 5 597 1191 MD, −11.60 (−13.31, −9.88) < 0.0001*
Blood loss (ml) [5–9,34–36] 8 1328 2666 MD, −103.81 (−133.68, −73.94) < 0.0001*
Blood transfusion volume [5–7,34,35] 5 1259 2528 RR, 0.90 (0.35, 2.33) 0.83
Reoperation [34–36] 3 1174 2359 RR, 0.85 (0.38, 1.93) 0.70
Operation-related deaths [5–9,34–36] 8 1328 2666 RR, 2.03 (0.37, 11.07) 0.41
Postoperative outcomes
Analgesic use [7–9,36] 4 83 166 MD, −1.73 (−2.21, −1.24) < 0.0001*
Time to first flatus (days) [5,7–9,34,36] 6 622 1242 MD, −0.51 (−0.88, −0.15) 0.006*
Time to first intake of water/food (days) [5,7–9] 4 134 267 MD, −0.45 (−1.40, 0.50) 0.35
Duration of postoperative hospital stays (days) [5,7–9,35,36] 6 851 1714 MD, −1.02 (−2.06, 0.01) 0.05
Prognosis outcomes
Lymph nodes retrieved [5–9,34–36] 8 1328 2666 MD, −2.22 (−4.33, −0.12) 0.04*
Positive lymph nodes [7–9,35,36] 5 769 1550 RR, 0.93 (0.74, 1.18) 0.57
Recurrence [5,7–9,36] 5 165 330 RR, 0.50 (0.05, 5.41) 0.57
Adverse event outcomes
Wound infection [5,8,34,35] 4 1249 2507 RR, 1.11 (0.47, 2.60) 0.81
Wound dehiscence [34,35] 2 1143 2296 RR, 0.24 (0.08, 0.78) 0.02*
Anastomotic stenosis [7,8,34–36] 5 1212 2434 RR, 1.00 (0.28, 3.63) 1.00
Anastomotic leakage [7,34,35] 3 1157 2324 RR, 0.63 (0.24, 1.65) 0.34
Postoperative bleeding [5,34–36],a 4 1256 2523 RR, 0.69 (0.40, 1.19) 0.18
Postoperative obstruction/ileus [34,35] 2 1143 2296 RR, 0.82 (0.44, 1.55) 0.54
Delayed gastric emptying [5,9,34,36] 4 584 1167 RR, 0.46 (0.16, 1.30) 0.14
Intraabdominal abscess/fluid collection [5,34–36] 4 1256 2523 RR, 0.71 (0.36, 1.39) 0.31
Pancreatic complications [9,34,35],b 3 1157 2324 RR, 1.67 (0.40, 6.90) 0.48
Chyle leakage [34,35] 2 1143 2296 RR, 0.34 (0.01, 8.31) 0.51
Overall surgical adverse events [5,7–9,34–36],c 7 1308 2626 RR, 0.69 (0.53, 0.91) 0.008*
Respiratory complications [7–9,34–36],d 6 1226 2462 RR, 0.40 (0.20, 0.79) 0.009*
Learning curve
Surgeon experience [34–36],e 3 1174 2359 – –

LADG, laparoscopic-assisted distal gastrectomy; ODG, open distal gastrectomy; RR, risk ratio; MD, mean difference; 95% CI, 95% confidence interval.
a Including: intraabdominal, intraluminal and anastomotic bleeding.
b Including: pancreatitis, pancreatic fistula and pancreatic injury.
c Including: wound infection, wound dehiscence, anastomotic stenosis, anastomotic leakage, postoperative bleeding, postoperative obstruction/ileus, delayed

gastric emptying, intraabdominal abscess/fluid collection, pancreatic complications, and chyle leakage.
d Including: pneumonia, bronchiectasis, pulmonary atelectasis and so on.
e Trials which have mentioned the details of the least cases experience of the surgeons.

Fig. 3. Patient baseline characteristics.
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gastric cancer. Lymph node metastasis is a frequent occurrence in
gastric cancer, and adequate nodal harvest is the key step in distal
gastrectomy. Lymph nodes dissection is also important for staging, as a
larger total lymph node count may have a survival benefit [52]. Com-
pared with ODG, LADG had a mean reduction of 2.2 harvested nodes.
The included RCTs reported an average of at least 20.2 harvested nodes
with LADG and 24.9 with ODG respectively, both of which are more
than the minimum of 15 recommended by the current gastric cancer
guidelines of the Union for International Cancer Control/American
Joint Cancer Committee, the Japanese Gastric Cancer Association, and
the European Society for Medical Oncology [5–9,34–36,53–59]. This
meta-analysis found no procedure-related difference in risk of recur-
rence, or the number of patients with positive lymph nodes i.e., me-
tastasis in one or more regional lymph nodes [5–9,34–36]. Similar re-
sults were reported in the included RCTs [5–9,34–36]. LADG and ODG
thus had equivalent oncology safety, which supports LADG as an al-
ternative to ODG for early gastric cancer. Importantly, although LADG
had a mean reduction of 2.2 harvested nodes compared with ODG, the
oncological outcomes were comparable. One plausible explanation
might be that most patients included in current study were cT1 cases.
Patients with cT1 gastric cancer are less likely to experience lymph
node metastasis compared with those with T2 or more advanced tumors
and might have better survival after gastrectomy.

This meta-analysis comprehensively and systematically screened the
currently available evidence, which supports LADG as an alternative to
ODG for early gastric cancer. However, caution still should be exercised
in patients with node-positive early gastric cancer, as most patients
included in this analysis were node negative; the percentage of node-
positive cases in the selected studies ranged from 0% to 15.8%.
Consequently, current evidence suggests that LADG has a high role to
play in node-negative cases due to better short-term outcomes but less
nodal harvest. LADG can be considered for node-positive cases by ex-
perienced surgeons in high-volume centers. The evidence warrants
further trials in node-positive early gastric cancer cases, advanced
gastric cancer cases, or cases in western countries.

Japan and South Korea have implemented gastric cancer screening
programs [1,12–14,60–65]. Because gastric cancer is often diagnosed at
an advanced stage, early detection may be the most effective inter-
vention. Patients will benefit from a diagnosis at less advanced stage
because of screening programs aiming at early detection. Screening by
diagnostic endoscopy, histologic evaluation of biopsies, endoscopic
ultrasonography [66], and accurate staging can be used to confirm the
presence of abnormal or enlarged lymph nodes likely to harbor cancer.
If no suspicion of node-positive cancer is found in an early stage patient
who is also not suitable for EMR or ESD [67–69], LADG can be re-
commended as an alternative to ODG. For early gastric cancer patients

Fig. 4. Procedure-related outcomes.

Fig. 5. Postoperative outcomes.
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with suspected positive nodes, LADG is a choice which should be per-
formed by experienced surgeons in high-volume centers.

Another important issue is how to define an experienced surgeon.
The LADG learning curve requires significant training and expertise.
Most RCTs included in the meta-analysis described surgeons as “ex-
perienced” or “well trained,” but only three trials included the number

of completed procedures when describing the experience of the sur-
geons [34–36]. Katai et al. reported “experience of at least 30 of both
LADG and ODG operations” for LADG and “experience of at least 60
ODG operations” for ODG [34]. Kim et al. reported “experience of at
least 50 each of LADG and ODG operations” for both LADG and ODG
[35]. Yamashita et al. reported “experience of more than 100 LADG

Fig. 6. Prognosis outcomes.

Fig. 7. Adverse event outcomes.

Fig. 8. Trial sequential analysis of overall surgical adverse events in seven RCTs comparing laparoscopic distal gastrectomy with open distal gastrectomy.
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operations” for LADG and “experience of more than 500 ODG opera-
tions” for ODG [36]. The fewest procedures performed by experienced
surgeons ranged from 30 to 100 cases for LADG, and 50 to 500 cases for
ODG [34–36]. Nevertheless, it is still difficult to define the minimum
LADG or ODG procedures required as the criterion that defines an ex-
perienced LADG surgeon. The LADG learning curve may influence
clinical outcomes because it is still relatively new and a technically
complex procedure, especially for inexperienced surgeons. The current
literature may indicate a minimum experience of no less than 30 LADG
and 50 ODG procedures is required [34–36]. Future trials are still
needed to confirm the “experienced” requirement.

The number of elderly patients with gastric cancer is increasing
because life expectancy is consistently increasing. Compared with
younger patients, elderly patients may have an increased surgical risk
because of poorer nutritional and functional status, which may result in
higher postoperative morbidity and mortality. Importantly, laparo-
scopy-assisted procedures are associated with less trauma, faster re-
covery, and similar surgical and oncological safety, compared with
open procedures. Therefore, interest in the use of LADG in elderly pa-
tients with gastric cancer is increasing. In a meta-analysis of non-RCTs,
Zong et al. reported that LADG significantly reduced both operation-
related and systemic morbidities and did not increase cardiopulmonary
or mental dysfunction compared with ODG in elderly gastric cancer
patients [70]. Another meta-analysis of observational studies by Wang
et al. demonstrated that compared with ODG, LADG was a feasible and
safe approach for elderly patients with gastric cancer. It was associated
with less blood loss, faster postoperative recovery, and reduced post-
operative morbidity [71]. In the latest meta-analysis of observational
studies, Pan et al. reported that the outcomes of LADG in elderly pa-
tients were comparable to those in younger patients and that age alone
should not preclude LADG in elderly patients with gastric cancer [72].

The strengths of this meta-analysis including adequate power with
2666 participants. All included trials were high quality RCTs. Other
strengths were following the PRISMA and GRADE evidence profiles,
both of which were recommended by the Cochrane Collaboration [33].
Furthermore, TSA was performed to reduce the influence of random
error and confirm whether the evidence was reliable and conclusive.
Limitations might exist in this study. Firstly, it included a small per-
centage of node-positive cancers among the largely node-negative
treated population that could have influenced the outcomes. Secondly,
all included trials were from Japan and South Korea, none were from
China, which has one of the highest incidences of gastric cancer
worldwide. Thirdly, bias may have been introduced by differences in
the LADG experience and learning status of the surgeons who per-
formed the procedures. Fourthly, none of the trials reported quality of
life scores or economic assessments, which are areas of concern. Fifth,
data of long-term overall survival (OS) and disease-free survival (DFS)
outcomes are not available in the current literature which are

important. Finally, the quality of the evidence of the included trials was
relatively low, as assessed by the GRADE evidence profile.

In conclusion, the currently available evidence supports LADG an
alternative to ODG for Asian patients with early gastric cancer because
of similar mortality and oncological safety, better surgical safety, de-
creased operative morbidity, less trauma, and accelerated recovery. It
has a high role to play in node-negative cases due to better short-term
outcomes but less nodal harvest. It should be performed by experienced
surgeons in high-volume centers, and caution should be exercised with
node-positive cases and cases in western countries.
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Background andObjectives:Currently, the United States Joint Commission on Cancer

(AJCC) N staging, lymph node positive rate (LNR), and log odds of positive lymph nodes

(LODDS) are the main lymph node (LN) staging systems. However, the type of LN staging

system that is more accurate in terms of prognostic performance remains controversial.

We compared the prognostic accuracy of the three staging systems in patients with CRC

and determine the best choice for clinical applications.

Methods: From the Surveillance, Epidemiology, and End Results (SEER) database,

56,747 patients were identified who were diagnosed with CRC between 2004 and 2013.

Akaike’s Information Criterion (AIC) and Harrell’s Consistency Index (c-index) were used

to assess the relative discriminative abilities of different LN staging systems.

Results: In 56,747 patients, when using classification cut-off values for evaluation, the

LNR of Rosenberg et al. showed significantly better predictive power, especially when

the number of dissected lymph nodes (NDLN) were insufficient. When analyzed as a

continuous variable, the LODDS staging system performed the best and was not affected

by the NDLN.

Conclusions: We suggest that the LNR of Rosenberg et al. should be introduced into

the AJCC system as a supplement when the NDLN is insufficient until the optimal LODDS

cut-off values are calculated.

Keywords: log odds, lymph node ratio, N staging, colorectal cancer, survival analysis

INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed cancer in men and women in the
United States (1). Lymph node (LN) metastasis is an important prognostic factor associated with
overall survival (OS) (2). Therefore, in order to accurately describe LN status, a variety of LN staging
systems have been proposed. Themost representative of these LN staging systems are the American
Joint Committee on Cancer/Union for International Cancer Control (AJCC/UICC) eighth edition
N staging (3), lymph node ratio (LNR) and the log odds of positive lymph nodes (LODDS).

The goal of cancer staging systems is to group patients with similar prognosis. Rice et al.
defined the characteristics of a good staging system as: (a) the patient survival rate decreases
as the stage group increases (Monotonicity), (b) the groups have clearly different survival rates
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(Distinctiveness), and (c) within a group, the survival rate is
similar (Homogeneity) (4). Currently, the most widely accepted
LN staging system is the AJCC/UICC 8th N staging, which is
based on the absolute number of positive lymph nodes (NPLN).
Its classification system is: pN0: no LN metastasis; pN1a: 1
metastatic LN; pN1b: 2–3 metastatic LNs; pN2a: 4–6 metastatic
LNs; pN2b: ≥7 metastatic LNs (3).

Many studies have shown that OS is closely related to the
NDLN in resectable surgery in patients with CRC, and a greater
NDLN could provide more accurate staging and longer survival
(5–7). The AJCC/UICC 8th N staging system recommends
that at least 12 LNs in tumor specimens must be resectable
and histopathologically evaluated to fully assess LN status.
However, despite the availability of accurate recommendations,
the recommended cut-off values for the NDLN needed varies
widely among published studies, with the median ranging
between 6 and 13, which results in staging migration and can
affect further treatment for CRC (8, 9). In addition to surgeons,
pathologists have also played a significant role in determining the
status of LN in resected specimens (10). Therefore, in order to
reduce staging migration, two new LN staging systems have been
proposed.

LNR is defined as the ratio of NPLN relative to the NDLN.
Recently, some scholars have reported that LNR has been shown
to have a strong independent prognostic value in rectal and
colon cancer (11, 12). These results were also shown in patients
with lung, breast, and gastric cancer (13–15). Berger et al.
first proposed that LNR has a higher prognostic impact in
patients with colon cancer. They believed that LNR could reduce
staging migration in patients with an insufficient NDLN (16).
Rosenberg et al. also suggested that LNR should include routine
histopathology reports because of their higher prognostic impact
on colon cancer than AJCC/UICCN staging (17). However, some
experts believe that when the NDLN is not sufficient, LNR cannot
completely eliminate staging migration (18, 19). In addition,
when LNR is an extreme value (LNR = 0 or 1), it does not
accurately predict prognosis (12).

LODDS is another innovative N staging system. LODDS is
defined as the logarithm of the ratio between the probability
of being a positive LN and the probability of being a negative
LN when an LN is retrieved (5, 20, 21). The formula for
the LODDS system is log{(NPLN + 0.5)/(NDLN - NPLN +

0.5)}. “0.5” appears twice in the formula to avoid dividing
by 0 and avoid having many patients with a LODDS of 0.
According to previous reports, the use of LODDS has reduced
the risk of staging migration in gastric, breast, colon, and
pancreatic cancer in recent years (22–25). After comparing the
prognostic utility of the LODDS system with the LNR system
and AJCC/UICC N staging in patients with CRC, Persiani
et al. showed that the LODDS system performed better (24).
Wang et al. used the Surveillance, Epidemiology, and End
Results (SEER) data to study the LODDS system in stage III
colon cancer cases and concluded that LODDS also performed
better than LNR and AJCC/UICC N staging in predicting
prognosis (26).

The aim of this study was to compare the ability of different
LN staging systems to predict OS in patients with resectable CRC

to identify the most accurate system for application in clinical
practice.

MATERIALS AND METHODS

Patients
In this retrospective analysis, we used data from the SEER linked
database. The SEER Program of the National Cancer Institute
is an authoritative source of information on cancer incidence
and survival in the United States (U.S.) that is updated annually.
SEER currently collects and publishes cancer incidence and
survival data from population-based cancer registries covering
approximately 34.6 percent of the U.S. population. Data from
SEER was used to identify patients with CRC diagnosed between
2004 and 2013. Among the 90,529 patients diagnosed with CRC
between these years, patients with the following characteristics
were included: (a) the patients were over 18 years old; (b) CRC
was the first and only malignant tumor; (c) surgical resection was
performed; (d) there was complete staging information; and (e)
no neoadjuvant chemoradiation was used in treatment. The final
study sample contained 56,747 patients.

LN Staging Systems
We analyzed LNR and LODDS as both continuous and
categorical variables. When used as categorical variables,
different researchers have developed different optimal cut-off
values. For the LNR staging system, we used cut-off values from
Berger et al. and Rosenberg et al. Berger et al. considered 0.05,
0.19, and 0.39 as the best cut-off values, and divided the LNR into
four groups as follows: LNR1 < 0.05; 0.05 ≤ LNR2 < 0.19; 0.19
≤ LNR3 < 0.39; and 0.39 ≤ LNR4 ≤ 1.00 (16). Rosenberg et al.
calculated the best cut-off values between groups as 0.17, 0.41
and 0.69, and divided the LNR into five subgroups as follows:
LNR0 = 0.00; 0.01 ≤ LNR1 ≤ 0.17; 0.18 ≤ LNR2 ≤ 0.41; 0.42
≤ LNR3 ≤ 0.69; and LNR4 ≥ 0.70 (17). For the LODDS staging
system, we used the ideal cut-off values from Persiani et al. and
Wang et al. Persiani et al. divided LODDS into three groups as
follows: LODDS1 ≤−1.36;−1.36 < LODDS2 ≤−0.53; LODDS3
> −0.53 (24). Wang et al. divided LODDS into five groups
as follows: LODDS1 < −2.2;−2.2 ≤ LODDS2 < −1.1;−1.1
≤ LODDS3 < 0.0; 0.0 ≤ LODDS4 < 1.1; LODDS5 ≥ 1.1 (26)
(Table 1).

Statistical Analysis
We used the Kaplan-Meier method to estimate OS and tested
it using the log-rank procedure. Odds ratio (OR) and 95%
confidence intervals (95% CI) are presented. We used the Akaike
Information Criterion (AIC) and the Harrell Consistency Index
(c-index) to assess the relative discriminative power of different
LN staging systems. A value of c = 0.5 indicates no predictive
power, and a value of c = 1 indicates complete differentiation.
In general, a predictive model with a low AIC indicates a better
model fit, while a high c-index indicates a better discriminating
ability. All analyses were carried out with SPSS version 22.0 and R
version 3.50. For all analysis, P< 0.05 was considered significant,
and all tests were two-tailed.
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RESULTS

Patient Characteristics
Table 2 shows clinical and histopathological characteristics for
the study population. The cohort consisted of 27,507 males
(48.5%) and 29,240 females (51.5%). The median age± standard
deviation was 66.0 ± 13.3 years. There were 22,723 (40.5%)
patients with CRC who had LN metastases and 34,024 (59.5%)
patients with no LN metastases. The mean ± standard deviation
of NDLN and NPLN in the whole cohort were 16.9± 9.8 and 1.6
± 3.3, respectively. 10,613 (18.7%) subjects had tumor located
in the rectum and 46,134 (81.3%) were in the colon. In the
univariate analysis, the age of diagnosis, histological grade, pT
stage, tumor size, and NDLN were significantly correlated with
prognosis.

Survival
Survival analysis was performed on the factors in the univariate
analysis (Figures 1A–G). The 5-year OS of patients with an
adequate NDLN was 79.7% and with an inadequate NDLN was
76.2% (P < 0.001; Figure 1E). The 5-year OS of patients with
tumor located in the rectum was 78.3% and in the colon was
78.5%. The tumor location was not significant in predicting
prognosis (P = 0.763; Figure 1G). Therefore, we grouped rectal
and colon cancer together. The 5-year OS of different histological
grades were 87.6% for well differentiated, 80.2% for moderately
differentiated, 66.9% for poorly differentiated, and 65.4% for
undifferentiated (P< 0.001; Figure 1B). No significant difference
was found between poorly differentiated and undifferentiated
tumors (P = 0.148). Kaplan-Meier survival curves and survival
data based on different LN staging systems are shown in Figure 2

and Table 3 for all patients. The AJCC/UICC N staging system
divided patients into five different prognostic groups and the 5-
year OS for each subgroup were: pN0 = 87.2%, pN1a = 75.2%,
pN1b = 68.1%, pN2a = 58.3%, and pN2b = 44.1% (P < 0.001;
Figure 2A). The 5-year OS of the LNR subgroups according to
the Rosenberg et al. criteria were LNR0= 87.2%, LNR1= 74.1%,
LNR2 = 61.3%, LNR3 = 48.9%, and LNR4 = 33.0% (P < 0.001;
Figure 2B), and the 5-year OS according to the Berger et al.
criteria were LNR1 = 86.9%, LNR2 = 72.4%, LNR3 = 61.3%,
and LNR4 = 44.3% (P < 0.001; Figure 2C). Finally, the 5-
year OS of LODDS based on the classification by Wang et al.
were LODDS1 = 91%, LODDS2 = 86.5%, LODDS3 = 69.7%,
LODDS4 = 48.8%, and LODDS5 = 35.6% (P < 0.001;
Figure 2D) and those using the criteria by Persiani et al. were

LODDS1 = 88.2%, LODDS2 = 77.9%, LODDS3 = 53.6%
(P < 0.001; Figure 2E). Significant survival differences were
detected between the subgroups of each staging system
(Figure 2,Table 3).

Prognostic Accuracy of Different LN
Staging Systems
The AIC and c-index were used to estimate the prognostic
discriminative ability of different LN staging systems (Table 4).

TABLE 2 | Clinical and histopathological characteristics for the entire population.

Variables N (%) Univariate analysis

5-year OS (%) P-value

Age, years <0.001

≤ 65 26,305 (46.4) 85.3

> 65 30,442 (53.6) 72.6

Gender 0.353

Male 27,507 (48.5) 78.5

Female 29,240 (51.5) 78.7

Tumor location 0.763

Rectum 10,613 (18.7) 78.3

Colon 46,134 (81.3) 78.5

Histologic grade <0.001

Well differentiated 5,382 (9.5) 87.6

Moderately differentiated 41,004 (72.3) 80.2

Poorly differentiated 9,609 (16.9) 66.9

Undifferentiated 752 (1.3) 65.4

Tumor size, cm <0.001

≤ 5 35,672 (62.9) 80.6

> 5 16,259 (28.7) 72.2

Unknown 4,816 (8.5) 85.6

AJCC 8th T stage <0.001

pT1 8,022 (14.1) 95.5

pT2 9,957 (17.5) 91.6

pT3 32,726 (57.7) 75.7

pT4 6,042 (10.7) 51.6

NDLN <0.001

Inadequate (n < 12) 16,699 (29.4) 76.2

Adequate (n ≥ 12) 40,048 (70.6) 79.7

N, number; OS, overall survival rate; NDLN, the number of dissected lymph nodes; AJCC,

American Joint Committee on Cancer.

TABLE 1 | Basic characteristics of different lymph node staging systems.

AJCC 8th N stage (3) LNR, Berger et al. (16) LNR, Rosenberg et al. (17) LODDS, Wang et al. (26) LODDS, Persiani et al. (24)

pN0 LNR1 < 0.05 LNR0 = 0.00 LODDS1 < −2.2 LODDS1 ≤ −1.36

pN1a 0.05 ≤ LNR2 < 0.19 0.01 ≤ LNR1 ≤ 0.17 −2.2 ≤ LODDS2 < −1.1 −1.36 < LODDS2 ≤ −0.53

pN1b 0.19 ≤ LNR3 < 0.39 0.18 ≤ LNR2 ≤ 0.41 −1.1 ≤ LODDS3 < 0.0 LODDS3 > −0.53

pN2a 0.39 ≤ LNR4 ≤ 1.00 0.42 ≤ LNR3 ≤ 0.69 0.0 ≤ LODDS4 < 1.1

pN2b LNR4 ≥ 0.70 LODDS5 ≥ 1.1

AJCC, American Joint Committee on Cancer; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.
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FIGURE 1 | Kaplan–Meier survival curves for five-year OS stratified by different prognostic factors with statistical significance based on the (A) Age, (B) Histologic

grade, (C) Tumor size, (D) AJCC 8th T stage, (E) NDLN, (F) Gender, and (G) Tumor location. (AJCC, American Joint Committee on Cancer; NDLN, the number of

dissected lymph nodes).

FIGURE 2 | Kaplan–Meier survival curves for five-year OS stratified by LN categories based on the (A) AJCC 8th N stage, (B) LNR of Rosenberg et al. (C) LNR of

Berger et al. (D) LODDS of Wang et al. and (E) LODDS of Persiani et al. (LN, lymph node; AJCC, American Joint Committee on Cancer; LNR, lymph node ratio;

LODDS, log odds of positive lymph nodes).
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TABLE 3 | Five-year overall survival and 95% confidence interval according to

different LN staging.

Staging systems N (%) OR (95 % CI) 5-year OS (%)

AJCC 8th N stage (3)

pN0 34,024 (60.0) 1.00 (Reference) 87.2

pN1a 6,975 (12.3) 2.06 (1.95–2.17) 75.2

pN1b 7,149 (12.6) 2.76 (2.63–2.90) 68.1

pN2a 4,764 (8.4) 3.82 (3.63–4.02) 58.3

pN2b 3,835 (6.8) 5.80 (5.52–6.10) 44.1

LNR, Berger et al. (16)

LNR1 36,041 (63.5) 1.00 (Reference) 86.9

LNR2 10,058 (17.7) 2.26 (2.16–2.36) 72.4

LNR3 5,594 (9.9) 3.34 (3.19–3.51) 61.3

LNR4 5,054 (8.9) 5.62 (5.38–5.88) 44.3

LNR, Rosenberg et al. (17)

LNR0 34,024 (60.0) 1.00 (Reference) 87.2

LNR1 11,520 (20.3) 2.41 (2.05–2.24) 74.1

LNR2 6,659 (11.7) 3.44 (3.29–3.61) 61.3

LNR3 2,919 (5.1) 5.06 (4.78–5.35) 48.9

LNR4 1,625 (2.9) 7.99 (7.49–8.53) 33.0

LODDS, Wang et al. (26)

LODDS1 3,707 (6.5) 1.00 (Reference) 91.0

LODDS2 29,557 (52.1) 1.57 (1.41–1.75) 86.5

LODDS3 19,761 (34.8) 3.84 (3.45–4.27) 69.7

LODDS4 1,578 (2.8) 7.70 (6.80–8.70) 48.8

LODDS5 2,144 (3.8) 11.00 (9.80–12.35) 35.6

LODDS, Persiani et al. (24)

LODDS1 24,983 (44.0) 1.00 (Reference) 88.2

LODDS2 21,423 (37.8) 1.97 (1.88–2.06) 77.9

LODDS3 10,341 (18.2) 4.81 (4.60–5.02) 53.6

N, number; OR, Odds Ratio; 95% CI, 95% confidence interval; LNR, lymph node ratio;

LODDS, log odds of positive lymph nodes; AJCC, American Joint Committee on Cancer.

First, the LN status was evaluated as a categorical variable to
analyze the prognostic discriminating power of different LN
staging systems. In the whole population, two LNR staging
systems showed better prognostic performance than other
staging systems, with the LNR from Rosenberg et al. (c-index:
0.669, AIC: 287984.1) showing the best prognostic performance.
The LNR of Berger et al. (c-index: 0.666, AIC: 288125.3) and
AJCC/UICC N staging (c-index: 0.666; AIC: 288397.0) had
similar prognostic performances. In addition, the two LODDS
(Wang et al.: c-index: 0.659, AIC: 288619.9; Persiani et al.: c-
index: 0.659, AIC: 288994.6) staging systems performed relatively
poorly. Further analysis based on different NDLN showed that
when the NDLN was insufficient (NDLN < 12), the LNR of
Rosenberg et al. (c-index: 0.649, AIC: 85842.9) still maintained
the best prognostic performance. However, when the NDLN
is sufficient (NDLN ≥ 12), AJCC/UICC N staging (c-index:
0.647; AIC: 85899.4) is the best prognostic model. In contrast,
both LODDS staging systems showed the worst prognosis
performance regardless of the adequacy of the NDLN.

To assess whether the ability of the predicted prognosis
of different LN staging systems was affected by artificially

determined cut-off values, the LN status was modeled as a
continuous variable for repeated analysis. The results showed that
the LODDS systemwas superior to other staging systems and was
not affected by the NDLN. It is worth noting that PLN always
showed the worst prognostic discriminative ability regardless of
whether the NDLN was sufficient.

We created scatter plots to explain the relationship between
LNR and LODDS. As shown in Figure 3A, when patients have
different LNR, the LODDS has a one-to-one mapping value
for each LNR, and as the LNR increases, the value of LODDS
increases. This indicates a close correlation between LODDS and
LNR (except when LNR = 0 or 1). Thus, both contain the same
prognostic information. However, as shown in Figures 3B,C,
when the LNR is close to 0 or 1, the value of LODDS is
heterogeneous.

DISCUSSION

Regional LN metastasis of malignant tumors is one of the main
metastatic patterns of CRC. LN status is also considered to be
one of the most important prognostic parameters for recurrence
and death after CRC resection. Therefore, accurate staging of
LN status can more accurately predict cancer risk and lead to
the development of postoperative treatment options for patients
with CRC (16). A number of LN staging systems have been
proposed to accurately describe LN status, including AJCC/UICC
N staging, LNR, and the LODDS staging systems. Among
them, the AJCC/UICC N staging system is widely recognized
and used in clinical practice, but some scholars question its
accuracy (19, 27–31). Some researchers have shown that the
NPLN is significantly correlated with the NDLN, especially when
the NDLN is insufficient, which may lead to the missed PLN,
resulting in staging migration (6, 7, 16). LNR is a ratio-based
LN status estimation method that considers both the NPLN and
NPDLN. Many researchers have demonstrated that it is a better
independent prognostic factor than the AJCC/UICC N staging
in rectal cancer or colon cancer (27–31). Ozawa et al. studied
the prognostic ability of LNR in stage IV CRC and found that
patients with the same AJCC/UICC N staging group had 23%
higher OS in the low LNR group than the high LNR group
(32). This further illustrates that subgroups of patients with
the same AJCC/UICC N stage can be divided into significantly
different prognostic subgroups by the LNR system, and other
studies have reached similar conclusions (17, 18). LODDS is
another staging system that describes the LN status and has
great potential to further improve the accuracy of LN staging for
predicting prognosis. Persiani et al. used multivariate regression
analysis to compare the accuracy of different LN staging systems
in estimating the prognosis of colon cancer (24). That study
demonstrated that LODDS is an independent prognostic factor,
further showing that LODDS is more accurate than LNR in
assessing colon cancer survival, and other researchers have
used similar methods to draw similar conclusions (5, 21, 26,
33). However, they did not use statistical methods to directly
compare the discriminative ability of different LN staging system
models.
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TABLE 4 | Prognostic performance of different lymph node staging systems before and after stratifying for NDLN.

NDLN

Variables ALL (n = 56, 747) ≥ 12 (n = 16, 699) < 12 (n = 40, 048)

C Index (95% CI) AIC C Index (95% CI) AIC C Index (95% CI) AIC

PLN (continuous) 0.668 (0.663–0.672) 290576.3 0.682 (0.677–0.688) 186085.5 0.648 (0.641–0.655) 86189.8

LNR (continuous) 0.673 (0.668–0.677) 288763.7 0.684 (0.679–0.690) 185052.7 0.651 (0.644–0.658) 86050.7

LODDS (continuous) 0.682 (0.677–0.687) 287860.5 0.691 (0.685–0.697) 184338.2 0.652 (0.644–0.661) 85970.4

AJCC 8th N stage (3) 0.666 (0.662–0.671) 288397.0 0.681 (0.675–0.686) 184632.6 0.647 (0.640–0.654) 85899.4

LNR, Rosenberg et al. (17) 0.669 (0.664–0.673) 287984.1 0.679 (0.673–0.684) 184496.2 0.649 (0.642–0.656) 85842.9

LNR, Berger et al. (16) 0.666 (0.662–0.670) 288125.3 0.674 (0.669–0.679) 184686.9 0.639 (0.632–0.646) 85856.0

LODDS, Wang et al. (26) 0.659 (0.655–0.664) 288619.9 0.665 (0.660–0.670) 184888.2 0.629 (0.621–0.636) 86265.7

LODDS, Persiani et al. (24) 0.659 (0.654–0.663) 288994.6 0.673 (0.668–0.678) 184899.7 0.616 (0.609–0.623) 86388.1

NDLN, The number of dissected lymph nodes; AIC, Akaike’s Information Criterion; C Index, Harrell’s consistency Index; LNR, lymph node ratio; LODDS, log odds of positive lymph

nodes; AJCC, American Joint Committee on Cancer; PLN, positive lymph node.

FIGURE 3 | (A) The scatter plots of LODDS vs. LNR; (B) The magnified view of (A) for LNR between 0 to 0.25; (C) The magnified view of A for LNR between 0.75 to

1. (LNR, lymph node ratio; LODDS, log odds of positive lymph nodes).

In our study, we used two statistical indicators, the AIC
and the c-index, to analyze the relative discriminative ability of
different LN staging systems in predicting CRC survival in a CRC
patient population. We first analyzed LN status as a continuous
variable. We found that LODDS is superior to PLN and LNR.
When we analyzed LN status as a categorical variable, we showed
that the two LNR staging systems were superior to other staging
systems.

There is still controversy regarding the categorical cut-
off values for different LN staging systems. The reason for
heterogeneity in the cut-off values is multifactorial. First,
different studies used different statistical methods to determine
these optimal cut-off values. For example, Song et al. used log-
rank statistical methods (34), Rosenberg et al. used categorical
and regression tree techniques (17), Berger et al. used the
quartile method (16), Kornprat et al. used the receiver operating
characteristic (ROC) statistical method (35), and Wang et al.
used the X-tile program (26). In addition, different countries
and research institutions, differences in patient numbers, and
different average NDLN also lead to the diversity in cut-off values.

In addition to LN status and categorical cut-off values, many
studies have shown that the NDLN has a significant impact on
patient prognosis. Le Voyer et al. showed that an increase in the
NDLN was significantly associated with improved OS (7). The

National Comprehensive Cancer Network (NCCN) guidelines
recommend at least 12 NDLN for accurate staging. However,
the NDLN in clinically resected specimens can vary greatly. In
our study, the proportion of patients with insufficient NDLN
reached 29.4%. In view of this, we conducted a subgroup study
based on different NDLN to analyze the prognostic accuracy of
each LN staging system. We divided patients into two subgroups
according to the NDLN: NDLN < 12 and NDLN ≥ 12.

Therefore, we conducted a comprehensive study based on
LN status (continuous variable and categorical variable) and
the NDLN. When analyzed as a categorical variable, the LNR
of Rosenberg et al. (17) was the best staging system when
the NDLN <12. However, in patients with NDLN ≥ 12,
AJCC/UICC N staging is the most accurate system for predicting
patient outcomes. When analyzed as a continuous variable,
LODDS showed the best discrimination ability regardless of the
NDLN.

Many studies have shown that evaluating the LN status as
a continuous variable reveals its true performance, so LODDS
is a more accurate staging system than LNR in predicting CRC
patient OS (36). We further illustrated the relationship between
LNR and LODDS through scatter plots. Figure 3 shows that the
overall trend of LNR and LODDS is consistent. However, when
the LNR is around 0 or 1, the value of LODDS is heterogeneous,
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indicating that LODDS has a better discriminating power for
patients with very low or high LNR. Some researchers believe
that because of the lack of consensus on the cut-off values of
different LN staging systems, LN status should be treated as a
continuous variable (36). However, we believe that ignoring the
cut-off values and using the LN status as a continuous variable
cannot be applied in clinical practice. Thus, it has only theoretical
value and no practical clinical value. Although LODDS is the
best staging system, LODDS has no advantage over other staging
systems when considering the impact of categorical cut-off values
on staging systems. Therefore, optimal cut-off values should be
calculated to make the LODDS staging system more useful for
clinical practice.

The innovations of this study are as follows. First, the SEER
data offers the unique opportunity to study prognostic elements
in a larger number of patients. Second, in seeking the best
staging system, we took the cut-off values of each staging
system into account. However, there are limitations to our
results, and we advise appropriate caution in their interpretation.
This is a retrospective study based on the SEER database, so
there will inevitably be some selection bias. The SEER database
lacks some clinical information such as operative time, specific
surgical procedures, lymph and/or vascular invasion, and specific
locations of LNmetastasis. Additionally, these results may not be
applicable to other populations as they were based on Western
patient data. Whether the use of this staging system could
be applied to daily practice in Eastern countries, therefore,
requires to be further validated. However, these shortcomings
are common to any retrospective and population-based research.
Finally, we believe that the patient data for this study is large
and these shortcomings can be largely compensated by long-term
follow-up.

CONCLUSIONS

In conclusion, we believe that regardless of the adequacy
of the NDLN, LODDS is the most accurate staging system
for predicting the survival of patients with CRC. However,
the best LODDS cut-off values that can be applied to
clinical practice have not been calculated. Therefore,
the LNR staging system of Rosenberg et al. with cut-off
values of 0.17, 0.41, and 0.69 should be introduced to the
AJCC/UICC system as supplements when the NDLN are
insufficient.
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