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I. Epidemiology of Gastric CancerI. Epidemiology of Gastric Cancer

• >1.4 million cases/year

• 2nd cause of cancer death worldwide

• 3rd cause (after lung and colorectal) of cancer death 

in Europe (138.000 / yr)

• Distal cancers decreasing; tumors of cardia or 

esophago-gastric junction increasing

• 65% T3-T4; 85% N+; 30% liver metastases



Is gastric Cancer in Asia different from Is gastric Cancer in Asia different from 
gastric cancer in the West?gastric cancer in the West?

Parkin et al. Global cancer statistics, 2002. CA Cancer J Clin, 2005



Gastric Cancer Surgery
Survival US vs. Japanese Centers

Gastric Cancer Surgery
Survival US vs. Japanese Centers

Maruyama et al., World J Surg 1987;11:418-25

Stage              (%) 5-yr sur (%)   5-yr sur

I 2004 (18.1)     50 1453 (45.7)     91

II 1976 (16.2)     29 377 (11.9)     72

III 3945 (35.6)     13 693 (21.8)     44

IV 3342 (30.1)      3 653 (20.6)       9



Comparing Asia and the WestComparing Asia and the West

Three hypothesis to explain the disparity

1. Differences in disease and patient characteristics

2. Differences in classification of disease stage

3. Differences in diagnosis and treatment



Biological and population differencesBiological and population differences

ASIA
Distal localizations
Intestinal type
More MSI
Younger
Lower BMI

WEST
Proximal localization
Diffuse type
More MSS 
Older
Higher BMI



Disease stage classification differencesDisease stage classification differences

ASIA WEST
Surgeon-based Pathology-based        

system system

Stage Migration Effect



Diagnosis and treatment differencesDiagnosis and treatment differences

ASIA
Screening

+
D2 gastrectomy

+
Aggressive 

Chemotherapeutical 
approaches

WEST
No screening

+
D1 gastrectomy

+
Less aggressive 

chemotherapeutical 
approaches



McDonald et al., NEJM 2001; 345: 725,ASCO 2009,JCO 
27,4515,2009

Japanese S1 Trial 
1059 pts.

45 Gy, 5‐FU,LV

McDonald Study 
556 pts.

99 % D2 lymphadenectomy10 % D2

Treatment and outcome differencesTreatment and outcome differences

Sakuramoto et al., NEJM 2007; 357: 1810



Biomarkers:

- Prognosis

- Predictive

- Target for diagnosis 

- Target for therapy

Tailor made treatment

II. II. TailoringTailoring byby translationaltranslational researchresearch



Differentially expressed genes
Genomic profiling predicts lymph node status and survival
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Differentially expressed genes
Genomic profiling predicts lymph node status and survival

Differentially expressed genes
Genomic profiling predicts lymph node status and survival

Weiss et al. Oncogene. 2003 Mar 27;22(12):1872-9
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Buffart ,van de velde,Virchows Arch. 2009 Aug 21



III. III. InitialInitial work up of work up of gastricgastric cancercancer
Diagnosis;Diagnosis;

-- No No typicaltypical signssigns

-- GastricGastric biopsybiopsy

--ClinicalClinical examinationexamination; ; 

--No No truetrue tumor markers at handtumor markers at hand

ClassificationClassification;;
-- JapaneseJapanese ClassificationClassification of of GastricGastric CancerCancer (JCGC); 13th (JCGC); 13th 

editionedition
-- International Union International Union AgainstAgainst CancerCancer (UICC) TNM system; 7th (UICC) TNM system; 7th 

editionedition..



ImagingImaging;;
TT--stagestage; ; 

EndoscopicEndoscopic ultrasound; ultrasound; differentiatedifferentiate T1/2 T1/2 fromfrom T3/4T3/4

NodalNodal involvementinvolvement; ; 
MultiMulti--sliceslice CT scanCT scan

MetastasisMetastasis;;
-- LiverLiver and and lunglung; CT scan; CT scan
-- PeritonealPeritoneal; ; laparoscopylaparoscopy

III. III. InitialInitial work up of work up of gastricgastric cancercancer

Response to Response to 
preoperativepreoperative treatmenttreatment

PET = PET = PromisingPromising

Hartgrink , van de Velde, The Lancet. 2009, august 



Early gastric Cancer;
Endoscopic Submucosal Dissection (ESD)

Tumour Diameter Ulceration Nr of pts 95% CI

Well diff.
intramucosal

< 3cm regardless 0/1230 0-0.3%

Well diff. 
intramucosal

regardless no 0/929 0-0.4%

Well diff. 
Sub-mucosal

< 3cm no 0/145 0-2.5%

Poor diff. 
intramucosal

< 2cm no 0/141 0-2.6%

IV. IV. SurgerySurgery forfor gastricgastric cancercancer



T1 T1 tumourstumours ≤≤40mm40mm
SentinelSentinel node in node in gastricgastric cancercancer

Blue Dye Radio guided

Detection rate 89-100% 90-96%

Sensitivity 73-90% 74-92%



FutureFuture; ; opticaloptical imagingimaging of of sentinelsentinel
nodesnodes

Seeing is Believing

• Extremely sensitive
• Very rapid + Real Time: acquisition time in 

seconds or a few minutes
• No extensive infrastructure needed
• Near infrared camera system + probes



Fluorescence imaging

• SLN detection with near-infrared fluorescence light
• Indocyanin green
• Intraoperative camera system (Frangioni Laboratory, 

Boston)



Advanced gastric cancer;
•• SurgerySurgery
Goal; R0 resection
Options; D1 or D2 Resection

•• Adjuvant strategiesAdjuvant strategies
Goal; Depends on approach
Options; pre, peri- or postoperative chemo- or

chemoradiation therapy.

IV. Surgery for gastric cancerIV. Surgery for gastric cancer



D1 nodes adjacent to the stomach

D2 + branches celiac axis

D3 nodes along the aorta



Surgical treatment of advanced gastric Surgical treatment of advanced gastric 
cancer;cancer;

RandomizedRandomized trials trials onon extendextend of of surgerysurgery
N Journal Study Conclusion

43 Br J Surg 1998;110-2 South Africa R1 / R2 R1

55 Ann Surg 1994;176-82 Hong Kong R1 / R3 R1

400 Lancet 1996;995-9 UK-MRC D1 / D2 D1

996 Lancet 1995;745-8 Dutch D1 / D2 D1

NEJM 1999;908-14 D1+
JCO 2004;22:2069-77 ,Lancet Oncology 2010   present update indicates D2

221 Lancet Oncol 2006;309-15 Taiwan D1 / D2,3 D2,3

520 NEJM 2008;359:453-62 Japan D2,3 / D4 D3 = D4



FCDD TrialFCDD Trial
PrePre--operativeoperative
chemotherapychemotherapy

Vs.Vs.

SurgerySurgery

14 % survival benefit 14 % survival benefit 
chemotherapychemotherapy withwith
surgerysurgery

Boige ASCO 2007



Cunningham NEJM 2006

MagicMagic TrialTrial
PeriPeri--operativeoperative
chemotherapychemotherapy

Vs.Vs.

SurgerySurgery

13 % overall 13 % overall 
survival benefitsurvival benefit

10 % more 10 % more 
resectabilityresectability



SWOG trialSWOG trialSWOG trial
PostPost--operativeoperative
chemoradiationchemoradiation

Vs.Vs.

SurgerySurgery

73 % 73 % gradegrade ¾¾
toxicitytoxicity

64% 64% completedcompleted CRTCRT

9% survival benefit 9% survival benefit 
AdjuvantAdjuvant CRTCRT

Macdonald et al, NEJM 2001, ASCO-2009

http://content.nejm.org/content/vol345/issue10/images/large/03f1.jpeg


ReasonsReasons nono postoperativepostoperative chemotherapychemotherapy
MAGIC       FFCD       SWOG

n=94 n=50 n=100

• PD or early death 40% 8% 17%

• Patient’s request 12% 10% 23%

• Complication 10% 28%
postoperative

• C(R)T toxicity 6% 20% 49%



National effect of National effect of improvedimproved and and 
extendedextended surgerysurgery

After Dutch D1-D2 trial 
During Dutch D1-D2 trial 
Before Dutch D1-D2 trial 



D1 vs D2: Results without splenectomy

D1 D2 p-value

Morbidity (%) 23 35 0.001

Mortality (%) 3.8 6.3 NS

Survival
mean (yrs) 5.77 6.67 0.018
5 year (%) 47 56
7 year (%) 42 52

11 year (%) 33 47



15 year Follow Up results Dutch D1/D2 trial

YearsYears fromfrom surgerysurgery
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DeathDeath duedue to to GastricGastric cancercancer

P = 0.01P = 0.01

SomeSome figuresfigures;;

Gastric cancer related Gastric cancer related 
death rate;  D1 group (48%) death rate;  D1 group (48%) 
vsvs D2 group (37%) D2 group (37%) 

Local recurrence (22% in Local recurrence (22% in 
D1 vs. 12% in D2) D1 vs. 12% in D2) 

regional recurrence (19% regional recurrence (19% 
in D1 vs. 13% in D2) in D1 vs. 13% in D2) 

Lancet Lancet oncologyoncology 2010 in 2010 in presspress



DikkenDikken van de Velde et al JCO in press 2010van de Velde et al JCO in press 2010

D1/D2 D1/D2 surgerysurgery VS. VS. postpost--operativeoperative chemotherapychemotherapy
Overall SurvivalOverall Survival Time to Time to LocalLocal RecurrenceRecurrence

monthsmonths monthsmonths

D1D1
D2D2

D1D1

D2D2

CRTCRT

CRTCRT

HR HR CRT vs. D1CRT vs. D1 1.522    p 1.522    p 0.0170.017

HR HR CRTCRT vs. vs. D2 D2 1.162    p 1.162    p 0.5650.565

HR CRT vs. D1 4.051 p < 0,000

HR CRT vs. D2 1.277 p 0,579

ConclusionConclusion

adjuvantadjuvant CRT has survival/ CRT has survival/ 
recurrencerecurrence benefit over benefit over D1D1 BUT BUT 

NOT over NOT over D2D2 surgerysurgery



The The adjuvantadjuvant treatmenttreatment of of gastricgastric cancercancer
Reasons for (neo-)adjuvant therapy

Post-Operative
• Treat occult residual metastases
• Successful in other tumor types
• Better patient selection

Peri-operative
• Downstaging
• Better tolerance
• Eliminating occult micrometastases

R0 R0 resectionresection
++

BetterBetter compliancecompliance



TreatmentTreatment of of AdvancedAdvanced GastricGastric CancerCancer

Surgery remains the primary curative treatment
To improve treatment outcome

ImproveImprove surgicalsurgical
qualityquality



After Dutch D1-D2 trial 
During Dutch D1-D2 trial 
Before Dutch D1-D2 trial 

Perioperative chemotherapy

Surgery Alone

The effect of The effect of improvementimprovement of of surgicalsurgical
qualityquality over the over the introductionintroduction of of adjuvantadjuvant

therapytherapy



Quality assurance

Definition

The complete set of systematic actions that is required to 

achieve a treatment result that meets a certain standard

Quality assurance

DefinitionDefinition

The complete set of systematic actions that is required to The complete set of systematic actions that is required to 

achieve a treatment result that meets a certain standardachieve a treatment result that meets a certain standard



WorkingWorking definitiondefinition forfor qualityquality
The right patients
Getting the right operation
In the right setting
While minimizing complications
And maximizing effectiveness
And patient satisfaction

•appropriateness

•access to care



WorkingWorking definitiondefinition forfor qualityquality
The right patients
Getting the right operation
In the right setting
While minimizing complications
And maximizing effectiveness
And patient satisfaction

Procedure comparisons



WorkingWorking definitiondefinition forfor qualityquality
The right patients
Getting the right operation
In the right setting
While minimizing complications
And maximizing effectiveness
And patient satisfaction

•surgeon volume

•hospital volume

•specialization

•regionalization

•surgeon training

•multidisciplinary

approach

•systems

•processes resources



WorkingWorking definitiondefinition forfor qualityquality
The right patients
Getting the right operation
In the right setting
While minimizing complications
And maximizing effectiveness
And patient satisfaction

•morbidity

•mortality

•outcomes



WorkingWorking definitiondefinition forfor qualityquality
The right patients
Getting the right operation
In the right setting
While minimizing complications
And maximizing effectiveness
And patient satisfaction

•survival

•recurrence rates

•quality of life

•reduction in morbidities

•adj/neoadj therapy use



WorkingWorking definitiondefinition forfor qualityquality
The right patients
Getting the right operation
In the right setting
While minimizing complications
And maximizing effectiveness
And patient satisfaction rarely considered



MaruyamaMaruyama index (MI)index (MI)

“Low Maruyama Index (MI)” is associated with 
significantly enhanced survival and is an 

independent predictor of survival

The Maruyama index valid quantitative yardstick for 
assessing the adequacy of lymphadenectomy

Tested in:

• SWOG trial

• D1/2 trial



Overall Survival in the SWOGOverall Survival in the SWOG
The effect of MI based analysis

p=0.005 VS    p= 0.0005

50%

41
%

MI < 5

MI >

Macdonald et al, NEJM 2001, ASCO-GI 2004

5
0%

20%

40%

60%

80%

100%

0 24 48 72 96 120 144
Months After Registration

AnalysisAnalysis onon MI indexMI indexAnalysisAnalysis onon treatmenttreatment
armarm

MI <5MI <5

MI >5MI >5

Hundahl et al. Ann Surg Oncol 2002;9:278-86

http://content.nejm.org/content/vol345/issue10/images/large/03f1.jpeg


NormogramNormogram

• Prediction tool for disease specific survival

• Takes into account all factors that are prognostic
according to the multivariate Cox regression
analysis

• Enables tailored (adjuvant) treatment

•• PredictionPrediction tool tool forfor diseasedisease specificspecific survivalsurvival

•• TakesTakes intointo account all factors account all factors thatthat are are prognosticprognostic
accordingaccording to the to the multivariatemultivariate Cox Cox regressionregression
analysisanalysis

•• EnablesEnables tailoredtailored ((adjuvantadjuvant) ) treatmenttreatment



NormogramNormogram;; predicted probabilitiespredicted probabilities
within each of the AJCC stageswithin each of the AJCC stages

Nomogram Predicted Probability of 5-Year Disease-Specific Survival
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VolumeVolumeVolume

“Patients can often improve their chances of 

survival substantially, even at high volume 

hospitals, by selecting surgeons who perform 

the operations frequently”

Birkmeyer et al. N Engl J Med 2003; 349: 2117-27



Surgical mortality and hospital Surgical mortality and hospital 
volume: volume: gastrectomygastrectomy
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p<0.001 for trends



Radiotherapy Surgery

Chemotherapy

To To assesasses ifif postpost--operativeoperative CRT CRT prolongsprolongs OS OS comparedcompared to to 
chemotherapychemotherapy onlyonly afterafter prepre--operativeoperative chemotheraychemotheray combinedcombined

withwith ADEQUATEADEQUATE surgerysurgery

http://www.eco2007.org/images/Roche_logo.jpg


CRITICSCRITICS

“MAGIC”(3xECC) ³ 15 Lymph nodes 45 Gy/25 fx + 
Epirubicine /Cisplatin /Capecitabine no splenectomy capecitabine dd

cisplatin 1 -5x pw
3D -CRT/IMRT

QoL

3x ECC q 3 wksD1 + surgery
Properative
chemotherapy
3x ECC q 3 wks

R

Tissue
banking

ChemoradiationD1 + surgery
Preoperative 
chemotherapy
3x ECC q 3 wks



CRITICS ACCRUELCRITICS ACCRUEL
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So far 260 patients included (april 6, 2010)



For further information on the CRITICS trial: 

www.critics.nl
Principle investigators:
E.P.M. Jansen 
Prof. M. Verheij
Dr. A. Cats 
Prof. C.J.H. van de Velde

Study coördinator
Maurits Swellengrebel
m.swellengrebel@nki.nl



Surgery + 
chemotherapy

Chemotherapy
alone

Survival times 351 days 182 days
p= .008

Gastrectomy only independant prognostic factor
Miyagaki H Anticancer Res 2008

IV. IV. SurgerySurgery forfor gastricgastric cancercancer

Advanced gastric cancer



IntraperitonealIntraperitoneal chemotherapychemotherapy
• Phase III trial: intraperitoneal cisplatin and early mitomycin-

C plus long-term doxifluridine plus cisplatin (iceMFP) 
versus mitomycin-C plus short-term doxifluridine (Mf)

Y. Kang ASCO 2008



RADICAL RESECTION AND INTRAOPERATIVE HYPERTHERMIC 
CHEMOPERFUSION IN GASTRIC CARCINOMA PATIENTS AT HIGH RISK OF 

PERITONEAL RECURRENCE (Phase III study)
BIOPSY-PROVEN 

GASTRIC CANCER

VLS

NEGATIVE POSITIVE

TC

NO DISTANT METASTASES DISTANT METASTASES

PERITONEAL 
WASHING

REGIONAL 
STAGING

SEROSAL 
INVASION

LIVER 
METASTASES

PERITONEAL 
SEEDING

SURGERY
RANDOMIZATION

I.V.  EOX 
CHEMOTHERAPY

ARM B - D2 GASTRECTOMY + HIPECARM A - D2 GASTRECTOMY

European Union Network of Excellence/Gastric Tumors



Optimal surgery is crucial; D2 in selected 

cases

QA and audit of surgeons and hospitals; M 
index, normograms, centers of excellence 

Preoperative CTx: new standard of care

Postoperative chemoradiation
To be studied after appropriate surgery (CRITICS)

Indicated if lymphadenectomy was inappropriate

V ConclusionsV ConclusionsV Conclusions



FutureFuture directionsdirections
• Optical imaging of sentinel nodes and metastatic

disease

• Robot-assisted/laparoscopic gastrectomy (RAG) 
with lymph node dissection for gastric cancer?

RAG with lymphadenectomy can be applied safely 
and effectively for patients with gastric cancer.

Song J, Oh SJ, Kang WH, Hyung WJ, Choi SH, Noh SH.Ann Surg. 
2009 Jun;249(6):927-32



Initiative European Society of Surgical 
Oncology

One European Cancer Audit 
Quality 
VariationVariation

Identify and spread Best Practice 
Research
Outcome monitoring (feedback)



European Audit on Cancer Treatment 
Outcome



EURECCA Objectives (European Registration of 
Cancer Care)

To perform research on the currently available 
population-based registries

defining “core quality treatment strategies” as well 
as treatment recommendations.

To integrate “core treatment quality strategies” in 
clinical practice

To optimize the level of knowledge and experience
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