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Abstract

Background This study was designed to analyze the

prognostic significance of the staging system based on the

ratio of metastatic lymph nodes (TRM) compared with

the TNM staging system in patients with gastric cancer.

Methods We reviewed the data of 219 patients who

underwent gastrectomy for node-positive M0 cancer. Node

Ratio (NR) categories (NR1: 1–15%; NR2: 16–40%; NR3:

[40%) were determined by the best cutoff approach at log-

rank test. After confirming the prognostic validity of NR in

a collinearity-free Cox regression analysis, among different

combinations of pT and NR categories we selected five

prognostically homogeneous TRM classes. To compare the

prognostic power of the TRM vs. TNM systems, we plotted

TRM and TNM classes against the mortality estimates.

Results Both of the TRM and TNM classifications sig-

nificantly stratified patients outcomes (p \ 0.0001), but the

TRM system identified prognostic subgroups more homo-

geneous than the TNM system.

Conclusions The TRM staging system is a simple and

reliable tool to stratify patients with gastric cancer and has

a higher prognostic power than the current system.

Introduction

The Tumour, Nodes, and Metastasis (TNM) staging system

is a worldwide benchmark for reporting the extent of

malignant disease and is a major prognostic factor for

predicting the outcome of patients with cancer [1].

For gastric cancer, the optimal staging system still rep-

resents a matter of intense debate because in all TNM

editions, the definition of lymph node status (N) has always

been affected by the extension of lymph node dissection or

by the degree to which specimens are examined. Many

authors have suggested that more appropriate pathologic

staging and a potential survival advantage may be provided

by D2 or even more extended lymph node dissections

[2–4]. Conversely several other authors have argued that

such extensive procedures resulted only in improved

staging with increase of morbidity rather than therapeutic

benefit [5, 6].

With these premises, a pragmatic approach could be

represented by a lymph node staging system based on a

classification not dependent by the extent of lymph node

dissection. Along with many authors we have recently

discussed the significance of the metastatic Nodes Ratio

(NR), which is the number of metastatic lymph nodes

related to the total number of dissected lymph nodes [7–18].

NR has been indicated as the best classification from the

viewpoint of predicting patient survival and avoiding stage

migration errors, obviating risks of overtreating or under-

staging incurred with current staging systems [7–18].

In the present study, 219 patients with gastric cancer

with lymph node metastases were reviewed and the prog-

nostic significance of the NR was evaluated by comparing

the prognostic power of the traditional TNM system with

that of a hypothetical staging system based on lymph node

ratio (TRM system).
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Materials and methods

A total of 219 consecutive patients with M0 gastric ade-

nocarcinoma (with the exclusion of tumors located in the

esophagogastric junction), who underwent surgery between

January 1992 and December 2007, and with documented

metastatic lymph nodes were reviewed. Pretreatment tumor

stage was determined in all cases by conventional imaging

techniques, such as chest x-ray, upper gastrointestinal (GI)

series, computed tomography (CT), ultrasonography (US),

and bone scan (BS). During the last 5 years, endoscopic

ultrasonography (EUS) was introduced in the routine pre-

operative staging protocol.

The extent of the lymph-node dissection depended on

surgeon’s attitude: D2 lymphadenectomy according to

JGCA recommendations [19] was performed in 147

patients (67%); D1 lymphadenectomy was performed in 64

patients (29%). In eight patients (4%) anatomical extent of

lymphadenectomy was not specified. In all cases, a mem-

ber of the surgical team detected and dissected single nodal

stations postoperatively from the resected specimens,

classifying and numbering all nodes before conventional

pathological examination. The median number of exam-

ined lymph nodes was 27 (mean, 30 ± 18; range, 3–93) for

all 219 patients. The median number of involved lymph

nodes was five (mean, 9 ± 10; range, 1–62).

For comparative purposes, we classified lymph node

status by two staging systems:

• UICC/AJCC TNM (6th edition): pN1, pN2, pN3 [20]

• NR: NR1 (ratio \15%), NR2 (ratio 15–40%), NR3

(ratio [40%).

We categorized the NR parameter by the best cutoff

approach according to the log-rank test and we evaluated

the prognostic relevance of NR and pN by multivariate

analysis.

Finally, after combining NR with pT we selected five

classes to compare the prognostic power of the TRM vs.

TNM system.

Statistical analysis

The final date for follow-up was January 30, 2008. The

median follow-up from the date of surgery was 24 (range,

1–172) months for all patients and 41 (range, 1–171)

months for survivors. Five-year survival rates were calcu-

lated according to the Kaplan-Meier method; the log-rank

test was used to assess the statistical difference between

groups.

Factors considered were: age (B64 or [64 years, med-

ian value), sex (male or female), tumor site (upper or

medium/distal third), tumor depth (pT1, pT2, pT3, pT4),

tumor diameter (B40 or [40 mm, median value), residual

tumor (R0, R1, and R2), Lauren type (intestinal or diffuse),

grading (G1–2 or G3), and nodal status, considered both as

NR (NR1, ratio B15%; NR2, ratio 15–40%; NR3, ratio

[40%) and pN (pN1, pN2, pN3).

Multivariate analysis was performed using the Cox

proportional hazard model selected in backward stepwise

regression: hazard ratios for pN and NR were calculated by

two different models. To evaluate the reliability of the two

models, we used the maximum log likelihood (ML) as a

measure of goodness of model fit.

For comparative purposes, we selected TRM classes by

K-means cluster analysis of mean survival times of the

subgroups, determined according to the different combi-

nations of tumor depth (pT) and NR categories. K value

was set to 5 to identify the same number of TNM stages.

To compare the prognostic power of the TRM vs. TNM

system, we plotted the 95% confidence intervals (CIs)

mortality rate against new TRM classes as well as against

TNM classes.

Values of p \ 0.05 were considered significant. The

statistical analysis was performed with SPSS (16th edition)

software for WindowsTM.

Results

The 5-year survival rate was 41% for all 219 patients

(SE 3.8). When the patients were classified by the NR

classification, the 5-year survival rates were 64% for NR1

(SE 6.3), 39% for NR2 (SE 7.0), and 16% for NR3 (SE 5.0)

(p \ 0.0001; Fig. 1a).

The 5-year survival rates of the patients staged by pN

classification were 56% for N1 (SE 5.1), 23% for N2

(SE 7.4), and 14% for N3 (SE 5.8) (p \ 0.0001; Fig. 1b).

Clinical and histopathological records of the 219 patients

and observed 5-year survival rates with univariate analysis

are shown in Table 1.

NR Cox model and pN model included the same

covariates (all with p \ 0.1 at log-rank test): regression

analyses showed that lymph nodal status indicators (pN and

NR) were both independent prognostic factors, together

with pT. According to our results, the maximum log like-

lihood (ML) of the multivariate analysis, which considered

the NR-based classification, showed higher value com-

pared with that including the TNM classification (Table 2).

Moreover, the hazard ratios for NR and pN were different

(Table 2).

K-means cluster analysis selected five prognostically

homogeneous subgroups, including the different combi-

nations of tumor depth (T) and NR categories (Table 3).

The 5-year survival of TRM groups was 100% for TR1,
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71% for TR2 (SE 6.7), 34% for TR3 (SE 6.3), 12% for

TR4 (SE 4.6), and 0% for TR5 (p \ 0.0001; Fig. 2a). The

5-year survival of TNM classes was 83% for IB

(SE 15.2), 72% for II (SE 6.8), 43% for IIIA (SE 7.9),

25% for IIIB (SE 10.4), and 12% for IV (SE 4.2)

(p \ 0.0001; Fig. 2b).

When the five TRM stages were plotted against 95% CIs

mortality rate, no overlapping was observed, whereas an

evident overlapping was observed when the five TNM sub-

sets were plotted against 95% CIs mortality rate (Fig. 3a, b).

Fig. 1 Survival of patients with resected gastric cancer. a Effect of

number of metastatic nodes (pN). b Effect of metastatic node ratio

(NR)

Table 1 Clinical and histopathological records for the 219 patients

and 5-year survival rates with univariate analysis

Cases

(n = 219)

% 5-year

survival

SE p

Sex

Men 129 36.7 4.9 0.472

Women 90 47.1 6.0

Age (years)

B64 113 44.5 5.3 0.120

[64 106 36.5 5.6

Site

Upper third 48 32.1 7.9 0.028

Middle/distal third 171 43.3 4.3

Gradinga

G1–2 42 61.1 9.7 \0.0001

G3 123 28.9 4.6

Residual (R)

R0 165 49.1 4.5 \0.0001

R1 39 15.0 7.4

R2 15 7.1 6.9

Tumor diameter (mm)a

B40 111 50.7 5.4 0.002

[40 93 31.1 5.5

Lauren typea

Diffuse 99 35.0 5.3 0.023

Intestinal 86 48.5 6.3

pT (6th UICC/AJCC TNM)

1 13 80.2 12.8 \0.0001

2a-b 80 66.9 6.5

3 101 25.3 4.9

4 25 9.0 6.0

pN (6th UICC/AJCC TNM)

N1 127 56.5 5.1 \0.0001

N2 48 22.6 7.4

N3 44 13.6 5.8

pTNM (6th UICC/AJCC TNM)

Ib 9 83.3 15.2 \0.0001

II 65 72.1 6.8

IIIa 53 42.9 7.9

IIIb 21 25.0 10.4

IV 71 11.8 4.2

NR

NR1 81 64.1 6.3 \0.0001

NR2 65 39.4 6.9

NR3 73 16.5 5.0

a Data were not available in all cases

SE standard error
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Discussion

To date, there is still much debate about the possible

therapeutic efficacy related with the extension of lymph

node dissection in gastric cancer [21]. At the same time the

current TNM staging system based on the number of

metastatic lymph nodes is certainly affected by the exten-

sion of lymphadenectomy: in fact, when less than 15 nodes

are harvested or examined, pN stage cannot be applied

[20].

Because of its simplicity, reproducibility, and potential

advantage of reducing the ‘‘stage migration’’ phenomenon,

the node ratio classification has been closely investigated in

recent years [7–17]. Consistent with several authors, in a

previous experience we identified the NR classification as

an independent prognostic factor stronger than AJCC/

UICC and JGCA classifications, and we suggested that the

N ratio might be usefully implemented in any clinical

Fig. 2 Survival of patients with resected gastric cancer. a Effect of

TNM staging system. b Effect of TRM staging system

Table 2 (A) Cox regression model for pN (Goodness of the model:

maximum log likelihood = -882.58; v2 = 97.758; p \ 0.0001);

(B) Cox regression model for NR (Goodness of the model: maximum

log likelihood = -880.206; v2 = 99.347; p \ 0.0001)

HR 95% CI p

(A)

pT

pT1 (reference group) 1 1.624–4.538 \0.0001

pT3 2.715 3.323–12.59 \0.0001

pT4 6.468

pN

pN1 (reference group) 1 1.318–3.675 0.003

pN2 2.2 1.643–4.445 \0.0001

pN3 2.702

(B)

pT 1 1.605–4.475 \0.0001

pT1 (reference group) 2.68 2.989–11.672 \0.0001

pT3 5.906

pT4 3.326

NR

NR1 (reference group) 1 1.073–3.206 0.027

NR2 1.855 1.92–5.762 \0.0001

NR3

HR hazard ratio; CI confidence interval

Table 3 TRM groups calculated by k-means clusters analysis: pT

and NR combinations

TR1 TR2 TR3 TR4 TR5

T1

NR1 8 – – – –

NR2 1 – – – –

NR3 – – 4 – –

T2

NR1 – 41 – – –

NR2 – 27 – – –

NR3 – – 12 – –

T3

NR1 – – 29 – –

NR2 – – 32 – –

NR3 – – – 40 –

T4

NR1 – – – 3 –

NR2 – – – – 5

NR3 – – – 17 –

9 68 77 60 5

World J Surg (2009) 33:2106–2111 2109

123



practice, not being influenced by differences in the routine

extension of lymphadenectomy [8, 10, 11, 15–18].

Misuse of stepwise regression analysis has been advo-

cated as a major methodological bias in studies regarding

NR [22]; in fact, the inclusion in the same model of two

variables, which convey essentially the same information

about nodal status (pN and NR) and imply a same value for

pN0 and NR0, leads to a multicollinearity problem. Having

dealt with multicollinearity in our previous report [18], to

verify the true prognostic power of NR, in the present study

we shifted to a different statistical method: (1) patients

without lymph node metastases were excluded; (2) two

different regression models were designed (Table 2): for a

separate nodal status description model A included pN

(without NR) and model B included NR (without pN).

In this retrospective study, multivariate analysis con-

firmed that the lymph node status ‘‘per se,’’ NR as well as

pN, is a powerful independent prognostic factor, similar to

our previous results and other data from literature [8, 10,

11, 15–18]. Nevertheless, the Cox model, including NR,

has evidenced a better reliability (ML: -905.548 vs.

-906.875) discriminating different nodal status categories

more strongly than the model, including pN (NR3/NR2/

NR1 = 2.982/1.716/1 vs. pN3/pN2/pN1 = 2.550/2.091/1).

Of note, both Cox models retained pT as the most sig-

nificant prognostic factor, confirming that in a correct

staging system for M0 gastric cancer, tumor depth, and

node involvement should be combined for a refined prog-

nostic estimation. Therefore, by k-means clusters analysis,

five new combinations of pT and NR were identified,

allowing us to perform a comparison between TNM clas-

sification and a novel staging system based on pT plus NR

(TRM).

Comparing different combinations of pT and NR with

survival, we observed that TRM was more effective than

TNM in distinguishing groups with different prognosis:

remarkably, no overlapping of 95% CIs of survival esti-

mates for TRM stages was displayed (Table 3; Figs. 2, 3).

Furthermore, this classification identified a group of N?

patients with T1 cancer (TR1) which showed to have a

100% survival rate (Fig. 2a), similarly to that of patients

with early gastric cancer without metastatic nodes. This

figure indirectly supports the idea that NR in some way

could reflect the interaction between the host immune

defense mechanism (total number of dissected nodes as the

denominator) and tumor aggressiveness (number of the

metastatic nodes as the numerator), apart from TNM stage.

On the other hand, TRM system homogeneously selec-

ted in the last stage (TR5) all patients with the worst

prognosis: it must be stressed that TR5 category includes

only T4-NR2 patients, which seems to show a lower sur-

vival rate than T4-NR3 patients (Table 3). This paradoxical

result probably reflected the fact that four of five patients

(80%) of TR5 stage presented a macroscopic residual

tumor (R2) (5/17; 29.4% among T4-NR3 patients).

Because previous survival analysis showed that nodal sta-

tus affected prognosis more than R factor, we included this

variable in our regression models [23, 24]. Actually, the

literature data demonstrate that R2 resection negatively

affects overall survival [25, 26]: therefore, the inclusion of

R2 patients in our analysis could be considered a limitation

of this study. Moreover, the small size of population study

did not allow us to consider our survival analysis about R2

group sufficiently reliable.

Despite the limitations of this retrospective analysis, our

results are relevant, because we have combined pT and NR

in a new staging system (TRM) after confirming the

prognostic validity of NR in a multivariate analysis. These

results cannot be generalized and should be validated in

larger series. If confirmed by validation studies, TRM will

be able to improve the prognostic accuracy compared with

current TNM classification; it can be considered a reliable

Fig. 3 95% CIs of mortality estimates. a By TNM staging system.

b By TRM staging system
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staging system with the peculiar feature of being less

affected by the extension of lymph node dissection in

predicting patient outcome.

Historically, the TNM classification system has been

modified by a decision-making process based on expert

opinion from several national TNM committees and from

the individual membership of the UICC. We believe that

there is sufficient amount of scientific evidence about the

staging accuracy of node ratio; it should be taken into

account in the forthcoming revisions to the TNM classifi-

cation, mainly to improve its prognostic ability and to keep

pace with the demands of clinical practice.
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25. Oñate-Ocaña LF, Méndez-Cruz G, Hernández-Ramos R et al

(2007) Experience of surgical morbidity after palliative surgery

in patients with gastric carcinoma. Gastric Cancer 10:215–220

26. Miner TJ, Jaques DP, Karpeh MS et al (2004) Defining palliative

surgery in patients receiving noncurative resections for gastric

cancer. J Am Coll Surg 198:1013–1021

World J Surg (2009) 33:2106–2111 2111

123


	Metastatic Lymph Node Ratio: A New Staging System �for Gastric Cancer
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


