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The Ratio-Based N Staging System Can More Accurately
Reflect the Prognosis of T4 Gastric Cancer Patients with D2
Lymphadenectomy Compared with the 7th American Joint
Committee on Cancer/Union for International
Cancer Control Staging System

Sung Hwan Hwang, Hyun Il Kim, Jun Seong Song, Min Hong Lee, Sung Joon Kwon', and Min Gyu Kim

Department of Surgery, Hanyang University Guri Hospital, Guri, ' Department of Surgery, Hanyang University Seoul Hospital, Seoul,
Hanyang University College of Medicine, Korea

Purpose: The utility of N classification has been questioned after the 7th edition of the American Joint Committee on Cancer (AJCC)/
Union for International Cancer Control (UICC) was published. We evaluated the correlation between ratio-based N (rN) classification
with the overall survival of pathological T4 gastric cancer patients who underwent D2 lymphadenectomy.

Materials and Methods: We reviewed 222 cases of advanced gastric cancer patients who underwent curative gastrectomy between
January 2006 and December 2015. The T4 gastric cancer patents were classified into four groups according to the lymph node ratio (the
number of metastatic lymph nodes divided by the retrieved lymph nodes): INO, 0%; N1, <13.3%; N2, <40.0%; and rN3, >40.0%.
Results: The rN stage showed a large down stage migration compared with pathological T4N3 (AJCC/UICC). There was a significant
difference in overall survival between rN2 and rN3 groups in patients with pT4N3 (P=0.013). In contrast, the difference in metastatic
lymph nodes was not significant in these patients (=16 vs. <15; P=0.177). In addition, the rN staging system showed a more distinct
difference in overall survival than the pN staging system for pathological T4 gastric cancer patients.

Conclusions: Our results confirm that rN staging could be a good alternative for pathological T4 gastric cancer patients who undergo D2
lymphadenectomy. However, before applying this system to gastric cancer patients who undergo D2 lymphadenectomy, a larger sample
size is required to further evaluate the usefulness of the rN staging system for all stages, including less advanced stages.
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Introduction for staging gastric cancer patients.

The tumor node metastasis (TNM) system has been widely
The presence of lymph node metastasis is an important fac— used as a method for staging gastric cancer patients. The 7th
edition of the American Joint Committee on Cancer (AJCC)/

Union for International Cancer Control (UICC) TNM classifica—

tor in determining the stage and prognosis of gastric cancer pa—

tients."* Therefore, meticulous lymph node dissection is essential

tion was released in 2010, According to this system, the N stage
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based on the number of metastatic lymph nodes. However, at
least 15 lymph nodes need to be harvested in order to apply this
staging system.™

The total number of retrieved lymph nodes is influenced by
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the extent of lymph node dissection.”® The Japanese Gastric
Cancer Association guidelines recommend D2 lymphadenec—
tomy.” Unlike eastern surgeons, western surgeons prefer to not
perform D2 lymphadenectomy because of the associated high
morbidity and mortality. As a result, many western gastric can—
cer patients have fewer than 15 total lymph nodes retrieved.*®
Therefore, it has been suggested that the numeric concept of the
7th edition of the AJCC/UICC classification is not suitable in
western countries.” For this reason, the proportion of meta—
static lymph nodes to examined lymph nodes (lymph node ratio)
has been proposed as an alternative prognostic factor by western
surgeons.” " Some surgeons have suggested that the lymph node
ratio could be an alternative method to the established AJCC/
UICC N classification. One report suggested that this ratio—based
N (rN) staging classification could provide a more accurate esti—
mation of overall survival without regard to the extent of lymph
node dissection."”

In addition, the present AJCC/UICC classification has a
problem of stage migration that appears to depend on the extent
of lymphadenectomy.™” ™ It is assumed that this stage migra—
tion is due to the number of harvested lymph nodes. However,
it is still uncertain whether a larger number of examined lymph
nodes contributes to stage migration.

Therefore, in our study, we assessed the significance of the
N stage for the overall survival of our patients. We also evalu—
ated whether rN stage with the elements of the numerical con—
cept can more accurately classify N staging in gastric cancer

patients.

Materials and Methods

1. Patients

We retrospectively reviewed and prospectively collected data
on 222 advanced gastric cancer patients who underwent curative
gastrectomy with lymph node dissection between January 2006
and December 2015 at Hanyang University Guri Hospital. All
patients underwent over DI+beta lymphadenectomy according
to the Japanese gastric cancer treatment guidelines.” Laparo—
scopic gastrectomy was used for older patients and those with a
high American Society of Anesthesiologist (ASA) score with the
patients’ consent.

2. Clinical analysis

Clinical data obtained from medical records included patient

age, sex, body mass index (kg/m?), ASA score, and other data.
The operative characteristics and early surgical outcomes in—
cluded operation method (laparoscopic vs. open surgery), extent
of gastrectomy (total vs. subtotal gastrectomy), omentectomy
(total vs. partial), combined resection of other organs, opera—
tion time, postoperative complications, postoperative mortality,
adjuvant chemotherapy, and overall survival were collected. The
ASA classification was determined by anesthesiologists a day
before surgery. Postoperative complications were defined as any
condition requiring conservative or surgical treatment.”’ Thirty—
day mortality was used to measure postoperative mortality and it
was defined as death within 30 days of the surgery. The overall
survival was defined as the time from the operation to the date
of the patient’s death. Pathologic results were analyzed for tu-
mor size, number of retrieved lymph nodes, and the 7th AJCC
staging system score (pathologic T [pT] and pathologic N [pN]).”

In this study, we categorized our patients into 4 groups ac—
cording to the lymph node ratio (the number of metastatic
lymph nodes divided by the total number of retrieved lymph
nodes, the N stage). Our stratification reflected the 7th edi-
tion of the AJCC Cancer Staging (tNO, 0%; N1 13.3%, 2/15;
and rN2 40.0%, 6/15). As a result, our cut points were stratified
into 4 grades (rfNO, 0%; N1, <13.3%; rN2, <40.0%; and rN3:
>40.0%).

3. Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
ver. 21 (IBM Co., Armonk, NY, USA). All values are expressed
as means with standard deviation. Categorical variables were
analyzed using the chi—square test and all continuous variables
were analyzed with Student’s t—test. Survival analysis was per—
formed by Kaplan—Meier curves with log-rank tests for signifi—

cance. A P-value<0.05 was considered statistically significant.

Results

1. Clinical characteristics

The clinical characteristics of the 222 patients are shown in
Table 1. The median age was 64.0 years. Men (71.6%) outnum-—
bered women in this study population. Eighty—three patients
(37.4%) underwent total gastrectomy. D2 lymphadenectomy was
performed in most patients (90.5%). Fifty—two patients (23.4%)
underwent combined resection of another organ and 77 patients

(34.7%) underwent laparoscopic gastrectomy. The mean opera—
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Table 1. Clinical characteristics of advanced gastric cancer patients
who underwent curative surgery

Table 2. Pathological characteristics of advanced gastric cancer
patients who underwent curative surgery

Clinical characteristic Value Pathological characteristic Value

Age (yr) 64.0 (35~88) T classification*

Sex T2 58 (26.1)
Male 159 (71.6) T3 42 (18.9)
Female 63 (28.4) T4 122 (55.0)

Body mass index (kg/m’) 23.1%3.3 N classification*
<25 155 (69.8) NO 59 (26.6)
>25 67 (30.2) N1 33 (14.9)

ASA score N2 35(15.8)

ASA 1 29 (13.1) N3 95 (42.8)

ASA 2 132 (59.5) TNM stage*

Over ASA 3 61 (27.5) Stage I 35(15.8)

History of upper gastrointestinal surgery 18(8.1) Stage IT 51 (23.0)

Extent of gastrectomy Stage I1I 136 (61.3)

Total gastrectomy 83 (37.4) Tumor size (cm) 5.9+3.6

Distal gastrectomy 139 (62.6) No. of retrieved lymph nodes 42.5(7~115)
Extent of lymph node dissection* >16 218(98.2)

D1+beta 21(9.5) <15 4(1.8)

D2 201 (90.5) Histologic differentiation
Extent of omentectomy Differentiated 96 (43.2)

Total omentectomy 198 (89.2) Undifferentiated 126 (56.8)

Partial omentectomy 24(10.8) Values are presented as number (%), mean+standard deviation, or
Combined resection of other organs 52 (23.4) median (range). *Classification according to the American Joint
Surgical method Committee on Cancer 7th edition.

Open 145 (65.3) ) )

Laparoscopy 77 (34.7) had pN3 stage (42.8%). The median number of retrieved lymph
Operation time (min) 21254660 nodes was 42.5 (7~115). The majority of this study population (all
Postoperative complication 41(185) except for four patients, 1.8%) had over 16 total retrieved lymph
Postoperative mortality (within 30 day) 0 nodes,

Postoperative hospital stay (d) 17.849.7

Values are presented as median (range), number (%), or mean+
standard deviation. ASA = American Society of Anesthesiologist.
*Classification according to the Japanese Gastric Cancer Association
guidelines.

tion time was 212.5 minutes. Postoperative complications oc—
curred in 41 patients (18.5%). There was no postoperative mor—

tality in these patients.

2. Pathological characteristics

Table 2 shows the pathological characteristics of the patients.
More than half of the patients had pT4 stage (55.0%) based on
the 7th edition of AJCC/UICC. Less than half of the patients

3. Discordant correlation between pathologic N and
ratio-based N in pathologic T4 gastric cancer patients
Based on the analyses that are shown in Table 3, the lymph

node ratio for metastatic lymph nodes showed a large difference

between the pN2 and pN3 groups. When using the rN stage for
pN2 and pN3 patients, a downgrading of stage was observed in
more than half of the patients.

4, Comparison of pathologic T4N3 (Stage llic) gastric
cancer patients according to the ratio-based N stage
Table 4 shows clinico—pathological characteristics between

pT4rN2pN3 and pT4rN3pN3 gastric cancer patients. The 5—year

overall survival (5-OS; 42.9% vs. 11.8%: P=0.013) was clearly
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Table 3. Correlation between pN stage and rN stage in pathologic T4 advanced gastric cancer patients

Variable pNO group* (n=11) pNI1 group* (n=15) pN2 group* (n=18) pN3 group* (n=78)
rNO groupT (0%, n=37) 11 - - -
N1 groupT (>0%, <13.3%, n=19) - 14 11 2
N2 group' (>13.3%, <40.0%, n=28) - 1 7 41
N3 group' (>40.0%, n=16) - - - 35

Values are presented as number only. pN = pathologic N; rN = ratio-based N. *Classification according to the Union for International Cancer
Control/American Joint Committee on Cancer 7th edition. 'According to the ratio of metastatic lymph nodes.

Table 4. Comparison of pT4N3 (Stage IIlc) gastric cancer patients according to ratio-based stage

Variable rN2pN3 group* (n=41) rN3pN3 group* (n=35) P-value
5-year overall survival rate (mo) 42.9% (54.2) 11.8% (26.0) 0.013
Age (yr) 59.5£11.9 63.7£11.3 0.127
Sex 0.566
Male 28 (68.3) 26 (74.3)
Female 13 (31.7) 9(25.7)
Body mass index (kg/m’) 224432 22.743.1 0.719
Extent of lymphadenectomy'
<D2 - -
>D2 41 35
Surgical method 0.859
Open 37(90.2) 32(91.4)
Laparoscopy 4(9.8) 3(8.6)
Extent of gastrectomy 0.033
Total 22 (53.7) 27 (77.1)
Subtotal 19 (46.3) 8(22.9)
Extent of omentectomy 0.113
Total 39.(95.1) 35 (100.0)
Subtotal 2(4.9) -
T classification* 0.518
Tda 39.(95.1) 32(91.4)
T4b 2(4.9) 3(8.6)
N classification® <0.001
N3a 31 (75.6) 4(11.4)
N3b 10 (24.4) 31 (88.6)
Differentiation 0.093
Well differentiated 14 (34.1) 6(17.1)
Undifferentiated 27 (65.9) 29 (82.9)
Lymphatic invasion 0.264
Yes 40 (97.6) 35 (100.0)
Vascular invasion 0.061
Yes 35(85.4) 34 (97.1)
Combined resection of other organs 14 (34.1) 12 (34.3) 0.990
Number of retrieved lymph nodes 53.2421.5 50.1£19.0 0.523
Retrieved lymph nodes 51 (25~115) 47 (22~109)
Tumor size (cm) 6.1+2.2 9.8+4.8 <0.001
No. of metastatic lymph nodes 11 (7~36) 28 (11~51) <0.001
Adjuvant chemotherapy 32(78.0) 28 (80.0) 0.835

Values are presented as percent (median), meantstandard deviation, number (%), or median (range). pT = pathologic T; pN = pathologic N; rN =
ratio-based N. *According to the ratio of metastatic lymph nodes. 'Classification according to the Japanese Gastric Cancer Association guidelines.
*Classification according to the American Joint Committee on Cancer 7th edition.
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different between the two groups. There were significant dif-
ferences in the extent of gastrectomy (53.7% vs. 77.1%), tumor
size (6.1 cm vs. 9.8 cm; P<0.001), N classification, and median
number of metastatic lymph nodes (11 vs. 28; P<0.001). The
two groups showed significant differences in overall survival
(P=0.013; Fig. 1).

5. Overall survival of pathologic T4 gastric cancer patients
according to the pathologic N and ratio-based N stage
As shown in Fig. 2, the survival curves based on rN classifi—

cations (5-OS; N1 vs. tN2 vs. 1N3, 70.8% vs. 48.0% vs. 12.2%:

P<0.001) had a clearer distinction than those based on the pN

classifications (pN1 vs. pN2 vs. pN 3, 82.5% vs. 64.8% vs. 27.2%;

P=0.002).
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Fig. 1. Survival curves of pT4pN3 gastric cancer patients according to
the ratio-based N staging system (rN2 vs. rN3 groups). pT = pathologic
T; pN = pathologic N; rN = ratio-based N.
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Discussion

Accurate stage assessment is very important in prognostica—
tion and developing a treatment plan in gastric cancer patients.
The 7th edition of the AJCC/UICC was released in 2010." Based
on this system, the N stage is classified by the number of meta—
static lymph nodes. However, more than 15 lymph nodes need
to be harvested to apply this system, because of the possibility
of down staging.™ Therefore, this numeric concept about the
number of metastatic lymph nodes is difficult to use for gastric
cancer patients with less than 15 retrieved lymph nodes.™”

D2 lymphadenectomy is not often performed in western
countries because of the associated high morbidity and mortal—
ity. Some western surgeons have suggested that extensive lymph
node dissection does not improve overall survival.”* As a result,
there is a large difference in the total number of retrieved lymph
nodes between Asian and western countries.**" Therefore, many
western surgeons raised concerns about the 7th edition of AJCC/
UICC because of the down-staging of their patients.”” They
suggested that the lymph node ratio for metastatic lymph nodes
could predict a more precise tumor stage for overall survival in

their patients with fewer than 15 dissected lymph nodes.*™*" T

n
other words, many western studies have documented that the
lymph node ratio is an independent prognostic factor that is not
influenced by differences in the extent of lymph node dissection.

The total number of retrieved lymph nodes is affected by the
extent of lymph node dissection.’® Although the effect of the
total number of retrieved lymph nodes on overall survival is still

a controversial subject, some study authors have suggested that
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Fig. 2. (A) Survival curves of pT4 gastric cancer patients according to the rN staging system. (B) Survival curves of pT4 gastric cancer patients ac-
cording to the 7th American Joint Committee on Cancer/Union for International Cancer Control on Cancer staging system. pT = pathologic T; rN

= ratio-based N; pN = pathologic N.
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dissecting a greater number of lymph nodes can improve overall
survival of gastric cancer patients.**” We believe that the lymph
node ratio for metastatic lymph nodes could be a good alterna—
tive method to accurately evaluate staging, regardless of the total
number of dissected lymph nodes.

However, in order to apply this ratio—based staging system
in Asian countries, the cutoff levels need to be downgraded be—
cause of the large number of retrieved lymph nodes (total lymph
nodes including negative lymph nodes). Our study found that
almost all patients (98.2%) had more than 16 retrieved lymph
nodes. Therefore, we applied the numeric concept of the 7th
edition of AJCC/UICC system to our present study without us—
ing the previous cutoffs of western studies. We classified the rN
stage into 4 categories (rNO stage 0%; N1 stage >0%, <13.3%;
N2 stage >13.3%, <40.0%; and rN3 stage >40.0%) by dividing
pN (pNT1 stage 2, pN2 6, and pN3 7) by the minimum number of
lymph nodes, 15. As a result, we could achieve a lower cut—off
value than that of the previous study.”

To explore the differences between pN and rN stages, gas—
tric cancer patients with pT4 stage were reclassified according
to their rN stages. Based on our results, over half of the pN2
and pN3 patients were downgraded from their original pN
stages. We also confirmed that the simple numeric concept of
the AJCC/UICC system does not accurately reflect the stage of
pT4pN3 gastric cancer patients. There was a clear difference in
the overall survival curve between the rN2 and rN3 groups in
these patients (P=0.013). The tN3 group had poor overall sur—
vival, a higher rate of total gastrectomy, and a larger mean tumor
size compared to patients in the rN2 group. In the comparison of
the overall survival curves according to the pN and rN stages of
pT4 gastric cancer patients, the rN stages also showed a clearer
discrimination. Although our study did not show better survival
outcomes in the lower stages of the pT4 gastric cancer patients,
a previous study demonstrated that a good staging system must
reflect decreased survival of patients with higher stages. That
finding and the current study supports the idea that the pT4pN3
stage should be split into N2 and N3 classifications.”

After release of the 7th edition of the AJCC/UICC, many in—
vestigators have criticized the N classification system. Our results
have confirmed that the present AJCC/UICC system has a seri—
ous issue with classification of accurate N staging. We also found
that we had overestimated our patients’ pN stages when using
the 7th AJCC/UICC system. Although we confirmed that the

lymph node ratio could be a good alternative method to decrease

the possibility of stage migration, we still have some outstanding
issues to resolve before applying the rN staging system in clini—
cal practice. Although some western studies have documented
that their cutoffs have significance for overall survival,” it is
very difficult to apply these cutoffs in Asian countries because
of the differences in lymph node dissection. We believe that
the difference in the number of retrieved lymph nodes should
be considered in the next staging system. Therefore, an optimal
Asian cutoff needs to be identified for use with different ethnic
populations, one that is based on the extent of lymph node dis—
section.

This retrospective study has some limitations in the analysis
of accurate rN stages. The system needs to reflect the better sur—
vival outcomes in the lower stage groups of pT4 gastric cancer
patients. In addition, a study at multiple institutions with a larger
patient cohort is needed to confirm the accuracy of the rN stag—
ing system in gastric cancer patients. In addition, we could not
analyze patients at lower stages because of the small sample size.
Therefore, we believe that a larger sample size is necessary to
evaluate the impact of rN stages on overall survival of gastric
cancer patients with less advanced stages (stage I, and II).

In conclusion, we have confirmed that the rN staging system
can be a good alternative to the present AJCC/UICC staging
system for pT4 gastric cancer patients. However, new cut—off
values should be identified before applying this system to most
Asian hospitals with a tendency to perform extensive lymph
node dissection. Analysis of a larger group of patients is also
needed to evaluate the impact of the rN staging system on less

advanced stages.
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