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Skip lymph node metastasis in gastric cancer: is it skipping
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Abstract

Background Skip metastasis is the presence of a

metastatic lymph node (LN) in an extraperigastric (EP)

area without perigastric (PG) involvement. The mechanism

and prognosis of skip metastasis are still unknown. The

purpose of this study was to scrutinize the clinical sig-

nificance of skip metastasis in gastric cancer.

Methods Data were reviewed from 6,025 patients who had

undergone gastrectomy for primary gastric cancer. Patients

were categorized as a PG-only group when the metastatic

LNs were limited to only the PG area, as a PG ? EP group if

metastatic LNs extended to both the PG area and the EP area,

and as a skip group if metastatic LNs were in the EP area but

there were no metastatic LNs in the PG area.

Results After we had performed matching, the prognosis

of the skip group was worse than that of the PG-only group

(adjusted hazard ratio 1.69, 95 % confidence interval

1.13–2.54) and was similar to that of the PG ? EP group

(adjusted hazard ratio: 1.54, 95 % confidence interval

0.92–2.59). The number of retrieved LNswas less in the skip

group than in the other groups, especially from the PG area

(p\ 0.001).

Conclusions The prognosis of the skip group was worse

than that of the PG-only group and was similar to that of

the PG ? EP group when the tumor stage was considered.

It is difficult to conclude whether skip metastasis is real

skipping of cancer cells or a result of inadequate LN

sampling. Further evaluation of LNs in the PG area of the

skip group could provide more clues for the mechanism of

skip metastasis.

Keywords Gastric cancer � Skip metastasis � Prognosis

Introduction

The lymphatic system is one of the main routes for cancer

spread, and lymph node (LN) metastasis is an important

prognostic factor in gastric cancer [2, 3]. In theory, cancer

cells spread stepwise, meaning that LN involvement in cancer

should first be from the area closest to the tumor. However,

sometimes metastatic LNs can be detected far from the ori-

ginal tumor without being detected in the peritumoral area,

which has been called skipmetastasis. This unusual pattern of

LN metastasis has been reported in various cancers, such as

breast, colon, and lung cancer [3–5]. Several studies have also

reported on skip metastasis in gastric cancer [7–9], in which
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the following factors could play a role: (1) occultmetastasis or

micrometastasis which was missed during routine examina-

tion of the perigastric (PG) area [10]; (2) direct lymphatic flow

from the tumor to LNs in the extraperigastric (EP) area, by-

passing the PG area [11–13; and (3) free cancer cells passing

through PG LNs because of an unfit microenvironment for

settling [14]. Despite previous reports, the prognosis and

mechanism of skip metastasis in gastric cancer are not con-

gruent because the number of cases in each study was limited.

We reviewed our large volume of data and the previous lit-

erature to scrutinize the clinical significance and mechanism

of skip metastasis.

Methods

Included participants

We reviewed the data of 9,350 patients who had undergone

gastrectomy for primary gastric cancer at Yonsei University

Hospital from January 2000 to December 2010. The strategy

for the extent of LN dissection was as follows: D1? or D2

lymphadenectomy was performed for clinically early gastric

cancer, and D2 or greater lymphadenectomy was performed

for clinically advanced gastric cancer. All of the data were

prospectively collected and retrospectively reviewed. The

survival of each patient was verified on the basis of hospital

records, telephone calls, and the database of the Korea Na-

tional Statistical Office. This study was approved by the

Institutional Review Board of our hospital (4-2013-0854).

The criteria of the present study were the same as our

previous protocol (NCT01961791). Patients who had un-

dergone minimally invasive surgery were excluded

(n = 1,480), as were patients with distant metastasis

(n = 303). The final outcomes of 6,025 patients were

analyzed after we had also excluded patients if the LN

locations were not divided (n = 986), if the metastatic LN

location was unknown (n = 474), and if patients had re-

ceived preoperative chemotherapy (n = 82).

The definition of the skip group and other groups

The LNs around the stomach were categorized in terms of

PG area (stations 1, 2, 3, 4, 5, and 6 according to the

Japanese gastric cancer classification) [15] and EP area

(stations 7, 8, 9, 10, 11, 12, etc.). A skip metastasis was

defined as being present when there was a metastatic LN in

the EP area but no metastatic LN in the PG area, and these

patients were categorized as the skip group. Patients were

categorized as a PG-only group if metastatic LNs were

localized in only the PG area and not the EP area. Patients

were categorized as a PG ? EP group if the gastric cancer

involved LNs in both the PG area and the EP area.

Propensity scoring match and statistical analysis

Propensity score analyses were done to handle selection

bias and to estimate the prognosis of the skip group com-

pared with the other groups [15]. Propensity scores were

obtained by logistic regression analysis with variables

concerning patients (age and sex), gastric cancer (pT stage,

the number of metastatic LNs, sizes, Lauren classification,

and histologic type), and operation (extent of gastrectomy,

operation time, the number of LNs retrieved, and length of

hospital stay in days). The model discrimination was

assessed by the c statistic, and calibration was assessed by

the Hosmer–Lemeshow test.

Categorical variables were compared by the chi square test

or Fisher’s exact test, and continuous variables were com-

pared by the t test. Overall survival (OS), which was defined

as death from any cause, and disease-free survival (DFS),

which was defined as recurrence or death from any cause,

whichever came first after the operation, were used to assess

the prognosis of each group, and the Kaplan–Meier method

and the log-rank test were used to compare the prognoses. The

Cox proportional hazards model was used to estimate hazard

ratios (HRs), and the variables that can affect the prognosis of

gastric cancer (such as pT stage, the number of metastatic

LNs, age, and sex) were adjusted to estimate the adjustedHRs

after the match. Every comparison was limited to only the

skip group and the PG-only group, and to the skip group and

the PG ? EP group (in other words, the PG-only and

PG ? EP groups were not compared). The HR is given with

its 95 % confidence interval (CI). SPSS Statistics version 20.0

(IBM, Armonk, NY, USA) was used for all statistical ana-

lyses, and a two-sided p value of less than 0.05 was consid-

ered statistically significant.

Review of the literature

To review the previously published literature, we searched

PubMed, EMBASE, and the Cochrane Central Register of

Controlled Trials as of October 4, 2013, with the following

related keywords: gastric cancer, skip metastasis, and jump

metastasis. Only studies written in English were included,

and bibliographies of the related articles were manually

searched to find additional studies.

Results

Incidence of skip metastasis

Among the final cohort of patients enrolled in the present

study, 2,231 (37.0 %) had metastatic LNs. Specifically,

1,137 of 2,231 patients (51.0 %) had metastatic LNs

around the stomach only (PG area), and 988 patients
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(44.3 %) had metastatic LNs in both the PG area and the

EP area. The incidence of skip metastasis was 4.8 % (106

of 2,231 patients) among the patients with metastatic LNs,

and 1.8 % among the overall gastric cancer population.

Baseline characteristics of each group

The baseline characteristics of the skip, PG-only, and

PG ? EP groups are shown in Table 1. The age, sex, op-

eration time, and hospital length of stay of the skip group

were similar to those of the PG-only and PG ? EP groups.

On the other hand, the pT and pN stages of the skip group

were lower than those of the PG-only and PG ? EP

groups, and the average tumor size of the skip group was

smaller than that of the PG-only and PG ? EP groups.

Intestinal-type and undifferentiated-type gastric cancer

were more frequent in the skip group than in the PG ? EP

group (p = 0.034 and p = 0.002, respectively). In addi-

tion, the number of LNs retrieved was less than that in

either the PG-only group or the PG ? EP group

(p = 0.049 and p\ 0.001, respectively).

Propensity scoring match

A 1:4 propensity scoring match was performed to compare

the prognosis of the skip group with that of the PG-only

group. The p value of the Hosmer–Lemeshow test was

0.927, and that of the c statistic was 0.719. After we had

performed the matching, the baseline characteristics of the

skip and PG-only groups were similar for all variables

(Table 1). However, a proper match was difficult between

the skip and PG ? EP groups because the number of

metastatic LNs was too different. Therefore, we performed

a 1:1 propensity scoring match after excluding 358 patients

who were classified as having pN3b stage gastric cancer in

the PG ? EP group as there were no patients who were

classified as having pN3b stage gastric cancer (the number

of metastatic LNs was more than 15) in the skip group. The

p value of the Hosmer–Lemeshow test was below 0.001,

and that of the c statistic was 0.968. After we had per-

formed the matching, the number of metastatic LNs was

still higher in the PG ? EP group than in the skip group

(p\ 0.001).

The number of LNs retrieved in each group

Table 2 shows the number of LNs retrieved in each sub-

group. Overall, the number of LNs retrieved in the skip

group was less than that retrieved in the PG-only group or

the PG ? EP group. In cases of distal gastrectomy, the

number of LNs retrieved in the skip group was still less

than that retrieved in either the PG-only group or the

PG ? EP group. In cases of total gastrectomy, the mean

number of LNs retrieved was least in the skip group (48.3

in the skip group, 50.1 in the PG-only group, and 53.1 in

the PG ? EP group), but this difference was not statisti-

cally significant. In the analysis of the number of LNs re-

trieved from each LN location (PG or EP area), there was a

significant difference in the number of LNs retrieved from

the PG area among the three groups (21.6 in the skip group,

27.5 in the PG-only group, and 28.1 in the PG ? EP

group). However, the number of LNs retrieved in the EP

area was similar among the three groups.

The location of skip metastasis and the number

of involved stations

The commonest location of skip metastasis was station 7

around the left gastric artery (67 of 106 patients, 63.2 %),

and the skip metastasis involved only one station in 83

patients (79.2 %) (Table 3). Station 8 (around the common

hepatic artery) and station 9 (around the celiac axis) were

the next commonest locations of skip metastasis (33.0 and

30.2 %, respectively). There was one patient who had nine

metastatic LNs with five involved stations, of which all

were located in only the EP area. The total number of LNs

retrieved from the 106 patients with skip metastasis was

1,787, and the number of metastatic LNs was 212.

Prognosis of the skip group compared with the PG-only

group and the PG ? EP group

The prognosis of the skip group was similar to that of the

PG-only group before matching (log-rank test, p = 0.472

for OS and p = 0.429 for DFS) and better than that of the

PG ? EP group (log-rank test, p\ 0.001 for OS and

p\ 0.001 for DFS; Figs. 1a, 2a) for overall stage. In a

subgroup analysis, the prognosis of the skip group was

likely to be worse than that of the PG-only group (log-rank

test, p = 0.05 for OS and p = 0.058 for DFS; Figs. 1b, 2b)

for stage I disease. For stage II disease, there was no dif-

ference in the prognosis between the skip group and the

PG-only or PG ? EP groups (Figs. 1c, 2c). For stage III

disease, the prognosis of the skip group seemed to be better

than that of the PG ? EP group (log-rank test, p = 0.043

for OS and p = 0.077 for DFS; Figs. 1d, 2d).

The results after matching showed that the prognosis of

the skip group was worse than that of the PG-only group

(log-rank test, p = 0.025 for OS and p = 0.016 for DFS;

Fig. 3a, c). The HR adjusted for pT stage, the number of

metastatic LNs, age, and sex after matching was 1.69

(95 % CI 1.13–2.54, p = 0.011) for OS and 1.62 (95 % CI

1.11–2.36, p = 0.012) for DFS. However, the prognosis of

the skip group was similar to that of the PG ? EP group

after matching (log-rank test, p = 0.967 for OS and

p = 0.753 for DFS; Fig. 3b, d). The adjusted HR of the
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skip group compared with the PG ? EP group after

matching was 1.54 (95 % CI 0.92–2.59, p = 0.102) for OS

and 1.41 (95 % CI 0.87–2.30, p = 0.164) for DFS, and did

not show statistical significance.

Results of previous studies

A total of 15 studies [6–8, 10, 16–24] were identified by our

search strategy with full text review. The populations of

these studies ranged from single LN metastasis cases to

whole gastric cancer cohorts because some of the studies

focused only on sentinel LN mapping. In the studies, the

incidence of skip metastasis among the entire gastric cancer

population ranged from 0 to 11.8 %, and from 2.4 to 60 %

among gastric cancer patients with LN metastasis. There

were only three studies which compared the prognosis of

skip metastasis in gastric cancer [9, 11, 23], but the control

groups for skip metastasis were different between the

studies. Two studies reported that there was no statistical

difference in prognosis between the skip metastasis group

and the other groups [9, 11]. One study reported that the

prognosis of skip metastasis was better than that of gastric

cancer with LN metastasis at the N2 level, or when the

number of metastatic LNs was between 7 and 15 (pN2 stage

according to the 6th edition of the Union for International

Cancer Control TNM classification), but was similar to that

of gastric cancer with LN metastasis at the N1 level or when

the number of metastatic LNs was between one and six

(pN1 stage according to the 6th edition of the Union for

International Cancer Control TNM classification) [23].

Only one study reported the number of LNs retrieved with

skip metastasis, and this was less for those with skip

metastasis than for those without skip metastasis [9].

Discussion

Without any matching or adjustment, our results initially

demonstrate that the prognosis of patients in the skip group

is similar to that of patients in the PG-only group, but is

better than that of patients in the PG ? EP group. These

findings are consistent with those of previous reports [9, 11,

23]. However, if we consider the different baseline char-

acteristics and particularly the TNM stage, the prognosis of

patients in the skip group is worse than that of patients in the

PG-only group but is similar to that of patients in the

PG ? EP group. These findings are similar to those in a

previous report [26] that found that the anatomical extent of

metastatic LNs is still important in the prognosis of gastric

cancer. In other words, even though the pT stage and the

number of metastatic LNs are similar, the prognosis is

worse if the metastatic LNs extend to the EP area than if

they are limited to only the PG area. It is also possible that

there are missed metastatic LNs or micrometastases in the

PG area. Natsugoe et al. [27] reported that reexamination

with additional sections of LNs identified more metastatic

Table 3 The location of skip metastasis and the number of involved

stations

Number of

patients

(n = 106)

Number of

metastatic

LNs

Ratio of metastatic

LNs/retrieved LNs

Location of skip LNs

Station 7 67 (63.2 %) 72 14.5 ± 24.6 %

Station 8a 35 (33.0 %) 66 17.0 ± 28.3 %

Station 9 32 (30.2 %) 38 10.8 ± 16.7 %

Station 10 5 (4.7 %) 6 15.1 ± 30.2 %

Station 11 13 (12.3 %) 20 9.3 ± 19.8 %

Station 12a 6 (5.7 %) 7 10.1 ± 28.7 %

Stations 13

and 14

2 (1.9 %) 3 0.5 ± 20.2 %

Number of

involved

stations

1 84 (79.2 %)

2 19 (17.9 %)

3 2 (1.9 %)

4 0

5 1a (0.9 %)

LN lymph node
a The status of the LNs of this patient was as follows: station 1 (0/8),

station 4 (0/5), station 5 (0/1), station 6 (0/7), station 7 (4/9), sta-

tion 8 (2/3), station 9 (0/5), station 10 (1/1), station 11 (1/2), sta-

tion 12 (1/1), station 3 (soft tissue free of carcinoma)

Table 2 The number of

retrieved lymph nodes (LNs) in

each group

DG distal gastrectomy, EP

extraperigastric, PG perigastric,

TG total gastrectomy

*p\ 0.05, **p\ 0.001

Skip group (n = 106) PG-only group (n = 1,137) PG ? EP group (n = 988)

Total 40.4 ± 15.0 43.6 ± 16.0* 47.2 ± 17.1**

Extent

DG 37.1 ± 11.9 41.3 ± 14.5* 43.1 ± 14.4*

TG 48.3 ± 18.4 50.1 ± 18.0 53.1 ± 18.8

Location of LNs

PG area 21.6 ± 10.5 27.5 ± 12.3** 28.1 ± 13.9**

EP area 18.8 ± 8.7 16.1 ± 8.8* 19.1 ± 8.9
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LNs in gastric cancer with submucosal invasion, and that

the incidence of LN metastasis increased from 19.3 to

29.8 %. Furthermore, many studies [28–31] have reported

the presence of micrometastasis in gastric cancer, although

the clinical significance of micrometastasis that could not

be detected by standard hematoxylin and eosin staining has

yet to be determined. The missed metastatic and mi-

crometastatic LNs could lead to an underestimation of the

number of metastatic LNs in the skip group, and conse-

quently the LN status would be understaged.

Another interesting finding of our study was that the

number of LNs retrieved in the skip group was low,

especially in the PG area. This is important, as the quality

of surgery could affect the number of LNs retrieved.

However, this number was high enough (over 40) to

demonstrate a satisfactory LN dissection in all three

groups, and the quality of surgery may affect the number of

LNs retrieved from the EP area rather than from the PG

area. Two hypotheses would explain this finding: (1) less

developed LNs around the PG area cause the bypass or

direct lymphatic flow to the EP area in the skip group, or

(2) inadequate examination of LNs results in those re-

sponsible for finding the LNs after surgery for pathologic

confirmation neglecting or missing some LNs in the PG

area. When the two findings (poor prognosis of the skip

group and fewer LNs retrieved around the PG area in the

skip group) are considered together, skip metastasis seems

to be caused by inadequate examination of LNs. However,

it is difficult to conclude whether skip metastasis is really

the skipping of cancer cells which bypass the lymphatic

Fig. 1 Overall survival of each status of lymph node metastasis with Kaplan–Meier curves before matching: a for overall stage, b for stage I

disease, c for stage II disease, and d for stage III disease. EP extraperigastric, PG perigastric
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network around the PG area or if metastatic and mi-

crometastatic LNs were skipped by inadequate examina-

tion, as there is no way to know the causal relationship of

each with this retrospective study. Thus, we intend to

conduct further studies investigating the LNs in the PG

area of the skip group to discover clues as to the

mechanism of skip metastasis.

The incidence of skip metastasis in previous reports was

heterogeneous, and the different populations in each study

seemed to be the main causative factor. In our study, the

incidence of skip metastasis was 1.0 % (31 of 3,010) for

early gastric cancer, 10.7 % (31 of 289) for early gastric

cancer with LN metastasis, 2.5 % (75 of 3,015) for ad-

vanced gastric cancer, 3.9 % (75 of 1,942) for advanced

gastric cancer with LN metastasis, and 13.5 % (60 of 444)

in patients with a single metastatic LN regardless of pT

stage. These findings are similar to those of previous re-

ports [8, 17, 24]. In addition, most of those previous reports

were focused on the possibility of sentinel LN navigation

and early gastric cancer. Thus, the number of skip metas-

tasis cases was very limited, and the prognosis of skip

metastasis could not be evaluated. In our study, only

29.2 % of cases (31 of 106) of skip metastasis were early

gastric cancer. Further studies are needed to review the

entire gastric cancer population in order to scrutinize the

mechanism of lymphatic metastasis in gastric cancer,

especially as it pertains to skip metastasis.

The extent of LN dissection in gastric cancer has long

been a disputed issue; however, recently, most guidelines

[31–33] recommend that D2 LN dissection should be

Fig. 2 Disease-free survival of each status of lymph node metastasis with Kaplan–Meier curves before matching: a for overall stage, b for stage

I disease, c for stage II disease, and d for stage III disease. EP extraperigastric, PG perigastric
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performed, especially for advanced gastric cancer. Our

results showed that most cases of skip metastasis were

located at stations 7, 8a, and 9, but that the incidence of

skip metastasis at stations 10, 11, and 12a was over 10 %.

Also, the incidence of skip metastasis was 2.5 % in ad-

vanced gastric cancer and 4.8 % in LN-positive gastric

cancer. If D2 gastrectomy were not performed in this case,

the final pathologic stage could be underestimated, or even

worse, R0 resection could not be achieved. Despite the

improved diagnostic tools and technologies, to date there is

no way of knowing the presence of skip metastasis before

and even during surgery. Thus, D2 gastrectomy is recom-

mended for advanced gastric cancer with LN involvement

if it can be performed safely.

As with most retrospective studies, selection bias is a

possible limitation of our study. Along these lines, ex-

cluding part of the population because the location of the

LNs was not divided or the location of metastatic LNs was

unknown could increase the selection bias. To minimize

the selection bias for comparing the prognosis of the skip

group with that of the other groups, we applied several

statistical methods, such as propensity score match and

adjustment. Additionally, the possibility of inaccurate

classification and contamination of LN stations is another

limitation. However, the information for defining skip

metastasis is less ambiguous, as classifying the PG area and

the EP area is clearer than defining the exact location of

each LN.

Fig. 3 Overall survival (OS) and disease-free survival (DFS) of each

status of lymph node metastasis with Kaplan–Meier curves: a OS of

the skip group versus the perigastric (PG)-only group after matching,

b OS of the skip group versus the PG ? extraperigastric (EP) group

after matching, c DFS of the skip group versus the PG-only group

after matching, and d DFS of the skip group versus the PG ? EP

group after matching. HR hazard ratio
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In conclusion, the prognosis of the skip group was worse

than that of the PG-only group and similar to that of the

PG ? EP group when the tumor stage was considered. In

addition, we found that the number of LNs retrieved was

less in the skip group than in the other groups, especially in

the PG area. However, whether it is the skipping of cancer

cells or their having been skipped by inadequate examina-

tion of LNs, the mechanism of skip metastasis is still

uncertain. More evidence should be accumulated for this

unusual pattern of LN metastasis in gastric cancer to better

define its mechanism.
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