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Abstract

AIM: To identify whether there could have been chang-
es in survival if lymph node ratio (N ratio) had been
used.

METHODS: We assessed 334 gastric adenocarcinoma
cases retrospectively between 2001 and 2009. Two
hundred and sixteen patients out of 334 were included
in the study. Patients were grouped according to dis-
ectionl (D1) or dissection 2 (D2) dissection. We com-
pared the estimated survival and actual survival deter-
mined by Pathologic nodes (pN) class and N ratio, and
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SPSS 15.0 software was used for statistical analysis.

RESULTS: Ninety-six (44.4%) patients underwent D1
dissection and 120 (55.6%) had D2 dissection. When
groups were evaluated, 23 (24.0%) patients in D1 and
21 (17.5%) in D2 had stage migration (P = 0.001).
When both D1 and D2 groups were evaluated for num-
ber of pathological lymph nodes, despite the fact that
there was no difference in N ratio between D1 and D2
groups, a statistically significant difference was found
between them with regard to pN1 and pN2 groups
(P =0.047, P = 0.044 respectively). In D1, pNO had the
longest survival while pN3 had the shortest. In D2, pNO
had the longest survival whereas pN3 had the shortest
survival.

CONCLUSION: N ratio is an accurate staging system for
defining prognosis and treatment plan, thus decreasing
methodological errors in gastric cancer staging.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Staging in gastric cancer is usually carried out according to
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Japanese Research Society for Gastric Cancer (JRSGC) or
Union for International Cancer Control (UICC)/American
Joint Committee on Cancer (AJCC) systems. In JRSGC,
staging depends on anatomical localization of the in-
volved lymph nodes, whereas the UICC/AJCC system
uses number of metastatic lymph nodes. The UICC/
AJCC system requires removal of at least 15 lymph
nodes" . One shortcoming of the UICC/AJCC system
is presence of less than 15 nodes in the surgical specimen,
which might cause inadequate staging and over-optimistic
prediction of prognosis. Only 29%-31% of curative gas-
tric resections include = 15 nodes™”. Low number of
lymph node removal increases risk of shift migration.

In the Japanese system, lymph nodes are classified
in stations according to their localization. Lymph node
dissections performed according to these stations are ex-
pressed as DO, D1, D2, D3. Japanese surgeons generally
recommend D2 dissection as gold standard. Experts from
the USA and Europe state that there is not a survival dif-
ference between D1 and D2 dissections and that there is
high postoperative morbidity and mortality rate in D217,
However, there are some surgeons in the Western world
who support D2 dissection™”.

Lymph node ratio (N ratio) is defined as the ratio of
positive lymph nodes to total number of lymph nodes
examined”. In the latest publications it is shown that N
ratio compared to UICC/AJCC pN class is a more in-
dependent prognostic factor and predicts survival more
accurately "%, Tumor nodule metastasis (TNM) classi-
fication stages gastric cancers 10%-15% lower than they
should be, which causes errors in survival expectations
and treatment plannjngmwl. When N ratio is used instead
of pN, there is 10% upgrade in staging which results in a
8.14% decrease in 5 year survival'”. When nodal staging
in TNM classification is changed to N ratio, pN1 in TNM
might become N ratio 2. This alters treatment planning
as N ratio 2 requires adjuvant chemoradiation while pN1
does not. Accurate staging is necessary for an accurate ad-
juvant therapy planning, which can increase survival and
quality of life.

In this study, we re-staged patients who previously had
cither D1 or D2 dissection according to N ratio and inves-
tigated whether there could have been a change in treat-
ment and survival if N ratio had been used for staging.

MATERIALS AND METHODS

We retrospectively assessed 334 gastric adenocarcinoma
cases who underwent either D1 or D2 lymph node dis-
section between May 2001 and October 2009. Exclusion
criteria were distant metastasis (including macroscopically
significant paraaortic, superior mesenteric artery and
mid-colic artery lymph node metastasis), D3 and DO
dissections, previous history of gastric surgery, postope-
rative mortality (death within 30 d postoperatively) and
palliative surgery. Two hundred and sixteen patients out
of 334 were included in the study. Ninety-six (44.4%) of
these patients had D1 dissection and 120 (55.6%) had D2
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dissection. Forty-seven patients who were lost in follow
up, 17 with insufficient pathology reports, 5 with gastric
stump recurrence, 12 who died within 30 d postoperati-
vely, 7 who were inoperable, 15 who had palliative sur-
gery, 12 with DO dissections, and 3 with D3 dissections
made up the excluded 118 patients.

In all patients, dissection was carried out according
to JRSGC criteria, taking into account the anatomical
localization of primary tumor and lymph nodes (n0 =
no lymph node metastasis, n1 = metastasis to N1 lymph
nodes, n2 = N2 lymph node metastasis, n3 = N3 lymph
node metastasis)' . Metastatic lymph nodes were classi-
fied according to UICC/AJCC 2002 criteria. According
to these criteria: NO = no metastasis, N1 = 1-6 lymph
node metastasis, N2 = 7-15 lymph node metastasis, N3 =
more than 15 lymph nodes metastasis. N ratio was classi-
fied according to previously published studies as: N ratio
0 = 0%, N ratio T = 1%-10%, N ratio 2 = 11%-25%, N
ratio 3 = 25%. Patients with adjacent organ involvement
or lymph node positivity in histopathological examination
were referred to the oncology department.

Patients were grouped according to D1 or D2 dissection.
Groups were analyzed for the significance of age (< 70,
= 70 years), gender, type of resection (total, subtotal),
tumor localization (diffuse, upper 1/3, middle 1/3, lower
1/3), number of lymph nodes temoved, number of meta-
static lymph nodes, depth of invasion, N class, TNM stage,
pathologic diagnosis, N ratio and Lauren classification.

Statistical analysis

SPSS 15.0 (SPSS Inc. Chicago, IL, United States) was
used for statistical analysis. A P value < 0.05 was accepted
as statistically significant. Independent two sample 7 test
was used for quantitative variables (age, number of lymph
nodes, number of pathological lymph nodes). 3’ test was
used for categorical variables (type of surgery, gender,
anatomical location of tumor, N ratio, TNM stage, patho-
logical diagnosis).

For survival analysis in the D1 and D2 groups, Kaplan-
Meier method was used. Log rank test was used to analyze
differences between statistical significances. Log rank test
was also used to assess each N class and N ratio crossed
with D1 and D2 groups for 5 year survival analysis.

RESULTS

The characteristics of D1 and D2 groups are shown in
Table 1. Groups were compared with univariate analysis
for significant prognostic factors. There were statistically
significant differences in age, localization of primary tu-
mort, depth of invasion and TNM stage (P = 0.009, 0.007,
0.001, 0.001, respectively). In 72 (33.3%) cases, more than
15 lymph nodes were identified in pathology specimens.
There was a statistically significant difference in D1 and
D2 groups regarding > 15 lymph node removal [27
(28.1%), 45 (37.5%), respectively] (P < 0.001).

The total number of lymph nodes obtained in all cas-
es in the D1 group was 1381 (14.4 £ 6.1) and in the D2

September 21, 2011 | Volume 17 | Issue 35 |



Table 1 Case characteristics 7 (%)

D1 D2 P value
Gender
M 61 (63.5) 71(59.2) 0512
I8 35 (36.5) 49 (40.8)
Age (yr)
<70 70 (72.9) 86 (71.7)  0.142
=70 26 (27.1) 34 (28.3)
Surgical Procedure
TG 79 (82.3) 55(45.8)  0.001
DSG 17 (17.7) 65 (54.2)
Anatomical localization of
primary tumor
Proximal 9 (9.4) 9 (7.5) 0.087
Middle 39 (40.6) 43 (35.8)
Distal 33 (34.4) 59 (49.2)
Diffuse 15 (15.6) 9(7.5)
Number of lymph nodes removed  144+6.1  235+93  0.022
(mean * SD)
Number of metastatic lymph nodes 3.8 +2.2 6.1+4.6 0.034
(mean + SD)
T (Depth of invasion)
T1 8(8.3) 9 (7.5) 0.056
T2 9(9.4) 15 (12.5)
T3 59 (61.5) 75 (62.5)
T4 20 (20.8) 21 (17.5)
N (According to AJCC)
0 20 (20.8) 26 (21.7)  0.296
1 32 (33.3) 47 (39.2)
2 40 (41.7) 37 (30.8)
3 4(42) 10 (8.3)
TNM stage
IA 2(2.1) 6 (5.0) 0.001
1B 12 (12.5) 7(5.8)
II 19 (19.8) 30 (25)
IIIA 42 (43.8) 58 (48.3)
1B 21 (21.9) 19 (15.8)
v - -
Pathology
Adenocarcinoma 77 (80.2) 97 80.8) NA
Signet ring cell 4(4.2) 18 (15.0)
MAC 10 (10.4) 2(17)
Carcinoid tumor 2(21) -
Lymphoma 3(3.1) 3(25)
N ratio
0 12 (12.5) 19 (15.8)  0.001
1 29 (30.2) 34 (28.3)
2 39 (40.6)  23(19.2)
3 16 (16.7) 44 (36.7)
Lauren classification
Diffuse 47 (49.0) 52(53.3)  0.424
Intestinal 49 (51.0) 68 (56.7)

D1: D1 lymphadenectomy; D2: D2 lymphadenectomy; M: Male; F: Female;
N ratio: Node ratio; TG: Total gastrectomy; DSG: Distal subtotal gastrecto-
my; MAC: Mucinous adenocarcinoma; NA: Not available; AJCC: American
Joint Committee on Cancer; TNM: Tumor nodule metastasis.

group this figure was 2823 (23.5 + 9.3) (P = 0.022). Path-
ological lymph nodes in the D1 group numbered 374 (3.8
T 2.2) whereas in the D2 group there were 732 (6.1 £ 4.6)
(P = 0.034). There was no difference in pNO, N ratio 0,
pPN3 and N ratio 3 between groups. In the D1 group, N2
class had the highest number of cases while the same was
true for pN1 class in the D2 group (P = 0.003, P = 0.011,
respectively). In Table 2, five year survival rates of D1 and
D2 dissections in the pN and N ratio groups are com-
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Table 2 Comparison of 5 year survivals in dissection 1 and dis-

section 2 dissection groups depending on N and N ratio 77 (%)

N D n 5YS Pvalue Nratio n 5YS Pvalue

NO D1 20 6(30.0%) 0172 0 20 6(30.0%) 0.389
D2 26 13(50.0%) 26 13 (50.0%)

N1 D1 32 4(125%) 0.047 1 29 4(13.8%) 0.070
D2 47 15(31.9%) 44 13 (29.5%)

N2 D1 40 6(15.0%) 0.044 2 39 5(12.8%) 0.192
D2 37 1Q7%) 32 3(94%)

N3 D1 4 NA NA 2 16 1(6.3%) 0.267
D2 10 NA 44 0

D1: D1 lymphadenectomy; D2: D2 lymphadenectomy; N ratio: Node ratio
5YS: Five years survival; NA: Not available.

Table 3 Node ratios vs node classes 7 (%)

N ratio (metastatic/total number of lymph nodes removed)

0 1 2 3 Total
(0) (0-9) (10-25) (> 25)
D1 group
NO (0) 20 (100) 20
N1 (1-6)  21(65.6) 11 (34.4) 32
N2 (7-15) 28 (70.0) 12 (30.0) 40
N3 (> 15) 4 (100) 4
D2 group
NO (0) 26 (100) 26
N1 (1-6) 37 (78.7) 6 (12.8) 4(8.5) 47
N2 (7-15) 26 (70.3) 11 (29.7) 37
N3 (> 15) 10 (100) 10

D1: D1 lymphadenectomy; D2: D2 lymphadenectomy; N: Groups with
respect to number of lymph nodes removed.

pared. None of the N ratio subgroups (N ratio 0, 1, 2, 3)
demonstrated statistically significant differences in 5 year
survival after D1 or D2 dissections (P = 0.389, P = 0.070,
P =0.192, P = 0.267, respectively). In the pNO and pN3
subgroups, D1 or D2 dissection did not cause a statisti-
cally significant change in 5 year survival (P = 0.172, not
available) while pN1 and pN2 did (P = 0.047, P = 0.044,
respectively)

In the D1 group, 20 patients who were deemed pNO
(no metastasis) were found to be N ratio 0. Twenty-one
out of 32 cases (65.6%) with 1-6 lymph node metastasis
(pN1) were found to be N ratio 1, while the remaining 11
(34.4%) were classed as N ratio 2. Twenty-eight (70%) of
pPN2 patients (7 = 40) were classified as N ratio 2; 12 were
classified as N ratio 3. Four patients who had = 16 posi-
tive nodes were found to be N ratio 3.

In the D2 group, 26 patients who were classified as
PNO were N ratio 0. Thirty-seven (78.7%) out of 47 pN1
patients were N ratio 1, six of them (12.8%) were N ra-
tio 2 and 4 of them (8.5%) were N ratio 3. Thirty-seven
cases were pN2; of which 26 (70.3%) were N ratio 2, and
11 were (29.7%) N ratio 3. All pN3 cases (# = 10) were
found to be N ratio 3 (Table 3).

When both D1 and D2 groups were evaluated, 23
(24.0%) patients in D1 and 21 (17.5%) in D2 had stage
migration (P = 0.001).
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Figure 1 Kaplan meier survival analysis of dissection 1 (A) and dissection
2 (B) group with N class.

In D1, pNO had the longest survival while pN3 had
the shortest. In D2, pNO had the longest survival whereas
PN3 had the shortest survival (Figure 1). In D1, N ratio 0
had the longest survival while N ratio 2 had the shortest
(24.3 mo for N ratio 2, 24.8 mo for N ratio 3). In D2,
N ratio 1 had the longest survival whereas N ratio 3 had
the shortest survival. Overall, 5 year survival was 20.8%
(n = 45). Survival in the D2 (24.2%) group was longer
than in the D1 group (13.3%) (P < 0.001) (Figure 2).

DISCUSSION

Staging is of paramount importance in decision making
for treatment of cancer. This staging should be universally
accepted and standardized. Currently, the most commonly
used staging system for gastric cancer is the AJCC/UICC
system. For an accurate staging in this system at least 15
nodes are required, thus at least a D2 dissection should be
performed (pN3 class requires at least 16 lymph nodes in
the specimen). A lesser lymph node dissection is inade-
quate for predicting survival and making a treatment plan.
Sun e @/, in 2159 curative resections, showed a correla-
tion between total number of lymph nodes and metastatic
lymph nodes. In our study, total lymph node number dis-
sected in the D1 group was 1 381 (14.4 £ 6.1) and 2823
(23.5 £ 9.3) in the D2 group. Pathological lymph nodes
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Figure 2 Kaplan meier survival analysis of dissection 1 (A) and dissection
2 (B) group with N ratio.

in the D1 and D2 groups were 374 (3.8 = 2.2) and 732
(6.1 £ 4.6), respectively. This might mean that in D1 dis-
section an average of 2.3 lymph nodes are not included in
specimens, which could end up in recurrence.

Multivariate analysis shows that N ratio is indepen-
dent of the number of lymph nodes dissected (even
less than 10 lymph nodes is enough for classification)"".
Thus, there was no change in N ratio or stage regard-
less of overall number of dissected lymph nodes. It was
Okusa ¢z al™™ who first showed that N ratio in addition
to number of positive lymph nodes is a prognostic factor
affecting survival in gastric cancer. In contrast to previous
study, Bilici e a/™ concluded that in 202 curative gastric
resections N ratio and pN were independent prognostica-
tors and did not have superiority over each other. Pedraz-
zani ef al”", in their study of 526 gastric cancer patients,
showed that survival was not different between pN1 and
pIN2 patients while patients classified as N ratio 1 and 2
had different mortality and survivals.

The aim of lymphadenectomy in gastric adenocarci-
noma is to prolong survival. All metastatic lymph nodes
should be removed for this purpose. The wider the lym-
phatic dissection, the higher the chance of removing all
metastatic lymph nodes. However, this must be achieved
with low mortality and morbidity rates. In their multi-
center study, Marchet ¢z a/*” found that in 1853 cases
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when D2 dissection was performed, patients who had
D1 dissection and were staged as pN1 would turn out to
be pN2 or pN3. Bando e a/'” stated in their study that
if their 228 patients with lymph node metastasis (who
actually had D2 gastrectomy) had D1 gastrectomy, 103
of them would have been understaged. The authors also
stated that using the N ratio would have decreased this
shift in staging. Nitti ez a/'" suggested that D2 dissection
should be performed to define number of metastatic,
reactional or normal lymph nodes and to also decrease
stage migration. In our study, in the D1 group, N ratio 0
had the longest survival while N ratio 2 had the shortest.
In the D2 group, N ratio 1 had the longest survival de-
spite shortest survival in the N ratio 3 group. There was
a statistically significant difference between both N1 and
N2 in both the D1 and D2 groups (P = 0.047, P = 0.044,
respectively). N ratio groups did not show any significant
difference for either D group.

Another target in gastric cancer treatment is mainta-
ining locoregional control. Wide lymph node dissection
is necessary for this. In one study, it was shown that hig-
her number of lymph nodes provides better staging and
more accurate prediction of prognosis™. Marchet ef a/”
stated that 15 lymph nodes was the cut off point for
statistical significance for survival in corresponding N
ratio groups. In 257 patients with D1 gastrectomy, Madu-
ekwe ef al”” obtained an average of 14 lymph nodes and
showed that cases with > 15 lymph node removal had
better overall survival than cases with < 15 nodes in pat-
hology specimen. Karpeh ez al™ showed in 1038 gastric
cancer patients that there was an increase in median survi-
val in patients with = 15 lymph node removal. When the
same patients were staged with N ratio independent from
number of lymph nodes, there was no difference in sur-
vival. In our study, we resected = 15 nodes in 27 (28.1%)
patients in the D1 group and 45 (32.5%) patients in the
D2 group (P < 0.001). When each group was analyzed
separately, stage migration was less in D2 when compared
to D1 (17.5% and 24.0%, respectively).

Curative gastric resections include total gastrectomy
or subtotal gastrectomy. Total gastrectomy should be per-
formed for patients with proximal, middle or diffusely lo-
cated cancers. Prospective, randomized studies have prov-
en that in distally-located tumors, total gastrectomy does
not have an advantage over distal subtotal gastrectomy®”.,
The crucial point is achieving tumor-free distal and proxi-
mal margins. Extent of gastric resection does not affect
the predictive power of N ratio. Huang e# al™ showed
that in 634 distal gastrectomy patients, N ratio was more
accurate in predicting survival than pN stage, thus better
for treatment planning.

It might not be radical to say that until a reliable stag-
ing with less stage migration is proposed, N ratio could
be used for staging, Regardless of the lymph node staging
used, a wide lymph node dissection should be done to
prevent errors in staging. The shortcomings of our study
were mainly the number of cases involved and the retro-
spective design. Prospective, multicenter trials are needed
to better define whether N ratio should replace pN stag-
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ing in gastric cancer.

In conclusion, N ratio is an accurate and up-to-date

staging system for defining prognosis and treatment plan,

thus decreasing methodological errors in gastric cancer
staging, We believe that, in order to better evaluate prog-
nosis and define a treatment plan, D2 dissection should
be the preferred option instead of D1 dissection.
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