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Diagnosis and Surgical Treatment of 
Gastric Cancer

I. Background - a gastric cancer primer.
II. Diagnosis and staging
III. Extent of surgical treatment:

A. When is endoscopic mucosal resection ok?
B. How much gross margin?
C. How much organ?  (total vs subtotal resection) 
D. Neighboring structures? (e.g. spleen, pancreas)
E. Lymphadenectomy and the “difficult D”
F. Lymphadenectomy and “Maruyama Index”

IV. Surgical palliation
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Around the 
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2002

Parkin et al. CA Cancer J Clin2005; 55: 74-108.



Background
Gastric Cancer – A Worldwide Perspective

• Gastric ca. is 2nd in incidence & mortality
• 8.5 % of new cases (i.e. 934,000 cases out of an 

annual global cancer burden of 10.9 million / yr.)
• 42% of incident cases occur in China
• Worldwide, age-adjusted incidence is decreasing, 

but …
• Total cases will increase due to population growth 

and aging.

Parkin et al. (eds), Cancer Incidence in Five Continents, 8th ed., Lyon: IARC Press; 2002

Parkin et al. CA Cancer J Clin2005; 55: 74-108.



5-Yr. Survival Rates for Gastric Cancer, 
population-based registry sources

(Age adjusted, World Standard Population, ’93-01, Males)

DEVELOPED WORLD

Japan 54%
United States 44%

Western Europe 30%
Eastern Europe 15%

All “developed” areas:  31%

DEVELOPING WORLD

25% South America
14% India
12% Thailand
7% Sub-Saharan Africa

20% All “under-developed”
areas

Parkin M, et al. CA Cancer J Clin2005; 55: 74-108.



Age-Adjusted Death Rates, U.S. Males
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Background
Histolgical Classification Schemes

• Jarvi and Lauren, 1951
“Intestinal” vs. “Diffuse”

• Other:
- Morphological:  WHO    
- Histogenesis:     Mulligan & Rember
- Differentiation:  Broder’s; Nagayo-Komagome
- Growth Pattern:  Ming
- Mucin + Diff.:    Goseki

*



Histology (Lauren)
Intestinal Type Adenocarcinoma

Precursor Lesion:
Intestinal Metaplasia



Histology (Lauren)
- Diffuse Type Adenocarcinoma-



Linitis plastica (“leather-bottle stomach”)



Histo-Epidemiology
- Three Major Gastric Cancer Syndromes -

HIGH INCIDENCE REGIONS (STRONG H. PYLORI ASSOCIATION)

1. Antral location – intestinal type;       2/3rds of cases; 
age > 60; associated with atrophic gastritis & intestinal metaplasia;
intestinal metaplasia = the precursor lesion

2. Corpus location – diffuse type;          1/3rd of cases; 
age 30s-50s; intense superficial gastritis, but no intestinal 
metaplasia (i.e. no precursor lesion); blood group A

LOW INCIDENCE REGIONS
3. Cardia – intestinal type; obese, white males with GE reflux, 

esp those with Barrett’s esophagus.   Incidence increasing.



Risk factors
(mostly for intestinal type cancer)

• Diet (salty, high-nitrate, smoked foods, & fats)
• Low socioeconomic status
• Smoking
• Previous acid reducing surgery
• Genetics 

Intestinal type:  - HNPCC (aka Lynch syndrome), 
- Li-Fruameni

Diffuse type:    CDH1-E-cadherin,  blood type A
• Helicobacter pylori � gastritis

Parkin et al. estimate that 42% of cases worldwide are attributable 
to h.  pylori



Helicobacter Pylori
(Warthin-Starry stain)



The H. Pylori Story

• Circa 1900:  Professor W. Jaworskiof the 
Cracow Jagiellonian University describes 
spiral-shaped micro-organisms.  
Discovery independently confirmed by 
G. Bizzazero *
----- 75+ years pass ----

• Late 1970s:  A pathologist in Perth, 
Australia, Dr. J. Robin Warren, 
describes a small spiral bacterium 
overlying inflamed gastric mucosa

• 1982  Warren & Dr. Barry J. Marshall
culture campylobacter pylori
(renamed helicobacter pylori) from pts 
with gastritis

• 2005:  they are awarded Nobel Prize

* Konturek JW J. Physiol Pharmacol2003; 54: 23-41

R. Warren        B. Marshall
(left)                 (right)

Dr. Marshall has
clearly recovered 
from his ingestion 

of the bug !





HISTOLOGIC DIAGNOSIS
Scenario:  non-invasiveepithelial neoplasia

Japanese-trained Pathologists
“Early gastric cancer” (def. < T1)
“Intra-mucosal carcinoma”

Diagnostic criteria:
- nuclear features
- cytologic features (mucin)
- mitotic activity
- glandular pattern

Other Pathologists:
“Dysplasia”

Diagnostic criteria:
- same, but with
invasion of lamina propria

-------------------------------------------------------------------------------------
Natural history of non-invasive epithelial neoplasia:
- low grade dysplasia:  progresses in 10% (median time 10-30 mo.)

- high grade dysplasia: progresses to cancer in 85% (median 4-23 mo.)

Review by Lauwers GY & Riddell RH  Gut1999; 45: 784 - 790



Gastric Cancer Staging
AJCC T Stage

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intraepithelial tumor; no invasion 

of lamina propria
T1 Tumor invades lamina propria or submucosa

( < T1 invasion aka “early gastric cancer” in Japan)
T2 Tumor invades muscularis propria (T2a) or 

subserosa (T2b)
T3 Tumor penetrates serosa; no invasion of adjacent 

structures
T4 Tumor invades adjacent structures



Gastric Cancer Staging
AJCC 5th – 6th Edition N Staging

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1 to 6 regional lymph nodes
N2 Metastasis in 7 to 15 regional lymph nodes
N3 Metastasis in more than 15 regional lymph nodes

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis



AJCC/UICC Gastric Cancer
6th Edition Stage Groupings

N Stage

T stage 0 1 2 3
1 IA IB II IV
2 IB II IIIA IV
3 II IIIA IIIB IV
4 IIIA IV IV IV

All in situ disease is Stage 0
All distant metastasis (M1) is Stage IV disease. 



5th-6th Edition AJCC Staging
Relative Survival for Patients Treated by Gastrectomy 

(NCDB, 1985 – 1996, N=50,169)
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Node-related Staging Bias

• Only 18% of US patients 
have adequate number of 
nodes examined for 
proper staging.  [ In Japan, 
& certain German series, 
extensive nodal analysis is 
standard ]. 

• Node-related staging bias 
continues to confound 
international comparisons
(more LN analysis �
stage migration & higher

Hundahl SA, et al. Cancer2000; 88: 921 – 932.
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Surgical Treatment of Advanced 
Gastric Cancer

IV. Extent of surgical treatment:

A. When is endoscopic mucosal resection ok?

B. How much gross margin?

C. How much organ?  (total vs subtotal resection) 

D. Neighboring structures? (e.g. spleen, pancreas)

E. Lymphadenectomy and D-level trials 

F. Lymphadenectomy and “Maruyama Index”



Nodal Mets and Criteria For Considering 
Endoscopic Mucosal Resection (EMR)

• 5,265 cases (NCC, Tokyo and Cancer Institute 
Hospital), T-1 tumors, all treated by gastrectomy
and node dissection. 

• INTRAMUCOSAL tumor, 0% nodal mets …
a) If no ulceration, regardless of size(0/929)

b) If well-differentiated and < 3 cm diameter( 0/1,230)

• SUBMUCOSAL tumor, 0% nodal mets…
a) If well differentiated, < 3 cm diameter, no lymphovascular
invasion, and < 500 micron invasion into submucosa(0/145)

Gotoda T, Yanagisawa A, Sasako M et al.  Gastric Cancer 2000; 3: 219-225



Endoscopic Mucosal Resection (EMR)



11-Year experience at NCC Tokyo, ’87 – ’98
N = 479 cancers in 445 patients

Selection: superficial & no signs submucosal inv.
< 3.0 cm in greatest diam., well/mod diff.

[ Usual surgery if:  a) submucosal or b) margin + ]
RESULTS:

Successful neg.-margin resection in 69%
No cancer-related deaths (f/u 3-120 mo, median 38)
5% bleeding and perforation, but no deaths

Results Associated with Endoscopic Mucosal 
Resection (EMR) for Early Gastric Cancer

Ono H, Kondo H, Gotoda T, et al.     Gut 2001; 48:  225-229



Completeness Of Resection

Siewert JR et al. Ann. Surg. 1998; 228: 449 – 461   N=1,654
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UICC “R - FACTOR” (“Resection Factor”)
R-0 – no residual disease
R-1 - microscopic residual disease
R-2 - gross residual disease

R-0 (negative margin)



Micro-Positive Margins (UICC R-1)
Positive Margins in Resection Specimens

AUTHOR # cases % POSTIVE MARGINS
Bleiberg 111 20%
Slot 58 28%
Gez 22 32%
Siewert 307 23%
Allum 436 18%
Hallisey 555 19%

Most of these studies do Most of these studies do notnot systematically evaluate the  systematically evaluate the  
radialradialmarginmargin



Gross Proximal Margins 
How much is enough?

( N=285 proximal margins assessed)
Gross Margin (cm) # % Positive Margins

Undetermined 55 20%
0 3 100%
1-2.9 cm 98 7%
3-5.9 83 5%
> 6 cm           104 - 0 -

Recommendations based on subset analysis:  

3 cm if intestinal type, localized, and not trans-serosal

6 cm if trans-serosal tumor or diffuse-type infiltration
Bozetti F et al.  Ann Surg1982; 685 - 690

*



Trials Weighing Routine Total Gastrectomy +/- LND
No Advantage to Routine Total Gastrectomy

• Hong Kong Trial, ‘94   
Total+D3 vs. Subtotal+D1
Robertson et al., Ann Surg 1994; 220: 176-182                        No advantage to routine total

• French Trial, ‘89           
Total vs. Subtotal
Gouzi et al., Ann Surg 1989; 209: 162-166                                    p = N.S.

• Italian Trial, ’99    
Total vs. Subtotal
Bozzetti et al, Ann Surg 1999; 230: 170-178                                 p = N.S.

Note: linitis plasticacases excludedfrom these trials 
(total gastrectomy is still considered routine for these cases) 



Extent of Lymph Node Dissection – “D-Level”
-DEFINITIONS -

D LEVEL refers to the JGCA (Japanese) system for 
anatomic node classification, node dissection, and 
staging.  Note: 

a) the system has changedfrequently;  
b) the staging differsfrom AJCC TNM
c) no competingLND classification system

OLD (pre 1997) NEW (JSGC 13th edition)
D1– All (JGCA –defined) N-1 nodes D-1 – newly-defined N1

resected, but not all N-2 nodes all removed
D2 – All N1& N2 nodes removed D-2 - newly-defined N2
D3 – All N1, N2, and N3 nodes removed D-3 - newly-defined N3
D4 – All N1, N2, N3, and N4 nodes [  no more “D4” or “N4” ] 

[  Review:        Sayegh et al  Gastric Cancer2004; 7; 140-148  ]

Japanese Gastric Cancer Association  Gastric Cancer1998; 1: 10-24



Lymph Node Dissection
-Post-1997 DEFINITIONS -

D LEVEL refers to the JGCA (Japanese) system for anatomic 
node classification, node dissection, and staging 

N LEVEL changes according to where the primary tumor is 
located in the stomach, but extent of node dissection is generally 
as follows:

NEW (JSGC 13th edition, 1997) Includes:
D-1 – newly-defined N1 all removed       PERIGASTRIC nodes nearby
D-2 - newly-defined N2 all removed       CELIAC-based  nodes &

nodes over SMV
D-3 - newly-defined N3 all removed       PARA-AORTIC nodes (#16)

[  Review:        Sayegh et al  Gastric Cancer2004; 7; 140-148 ]

Japanese Gastric Cancer Association  Gastric Cancer1998; 1: 10-24



Antral Tumors
Survival With Resection of  Disease in Celiac-based Nodes
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SUMMARY
Five Prospective, Randomized “D-Level” Trials

TRIAL N Rand. Survival Difference?

1) South African,   ‘88 43 pts D1 vs D2 p = n.s.
Dent et al., Br J Surg1988; 75: 110-112

2) M.R.C.,              ‘98   400 pts D1 vs D2 p = n.s.
Cushieri et al., Br J Cancer1998; 79: 1522-1530

3) Dutch,                ’99 711 pts D1 vs D2 p = n.s.      
Bonenkamp et al., NEJM1999; 340: 908-914

-------------------------------------------------------------------------------------------------------------------------------------------

4)Taipei Veterans,‘06 221 (intent to rx) p = 0.041
156  (per protocol) p = 0.056 

Wu CW et al., Lancet Oncol2006; 7: 309-315

D1 vs D3
-------------------------------------------------------------------------------------------------------------------------------------------

5) Japanese JCOG9501,’06       523 D2 vs. D3 p = n.s.
Sasako et al, JCO 2006; 24(18s): 934s (abstract)
Sasako et al.  Scan J Surg 2006; 95: 232-235 

What is an adequate LND ?



Prospective, Randomized Clinical Trials
of 

Japanese-defined Lymphadenectomy

The Dutch D1-D2 Trial
(pre-’97 node definitions)



Dutch Trial - Schema
• Criteria: <85 yrs, Clinical I-III disease, “adequate physical 

condition”
• Preop. Randomization
• Vintage “early 90’s” JGCA-defined D-1 or D-2 LND specified

--------------------------------------------------
1,078   Registered & Randomized

¯ ® 82  preop/intra-op exclusion
996
¯

D-1 « D-2
133 incurable ¬ 513 483    ® 152 incurableat surgery

N=380  (711) N=331     
(Path R-0 = 339)               (Path R-0= 293)

(89%) (89%)

Bonnenkamp JJ et al., NEJM 1999; 340: 908-914

44% of the 711 cases were node-negativeon path

randomize



Dutch Trial- Quality Control Efforts

• Extensive, ongoing education of trial surgeons
• Supervising experts (8+1) performed all LNDs

Problem: reconstruction & care by local staff
• Compliance was assessed by pathology

Problem: reliance on quality of local path.
D-1 D-2

Non-compliance36% 51% **
Contamination 6% 7%

Bonnenkamp JJ et al., NEJM 1999; 340: 908-914



Dutch Trial of D-1 vs. D-2
Postoperative Outcome

D-1 D-2 P

Median L.O.S. 14 dys 16 dys < 0.001

Complications 25% 43% < 0.001

In-hospital death 4% 10% < 0.004

Bonnenkamp JJ et al., NEJM 1999; 340: 908-914



Dutch Trial
Relative Risk of Hospital Death
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Dutch Trial
Frequency of Splenectomy & Pancreatectomy

0 5 10 15 20 25 30 35 40

Splenectomy

Pancreatectomy

D-1 D-2

Bonnenkamp JJ et al., NEJM 1999; 340: 908-914

%

D-2

D-2

D-1

D-1



Dutch D1-D2 Trial
SUBGROUP Analysis:  R-0 Resection 
WithoutPancreatic/Splenic Resection

D-1 D-2 p

5-yr. DFS 59% 71% 0.02

DFS with 31%     42%        0.02
> 10 yr f/u 

Hartgrink HH et al. J Clin Oncol 2004; June 2004; 22: 2069-2077.



Dutch Trial
SUBGROUP Analysis – N2 Cases

Hartgrink HH et al. J Clin Oncol 2004; June 2004; 22: 2069-2077.

For N-2 subgroup, p=0.01

D-2



Dutch Trial
Overall Survival – All Cases (N=711)

Bonenkamp JJ et al.  NEJM 1999; 340: 908-914
Hartgrink HH et al. J Clin Oncol 2004; June 2004; 22: 2069-2077

D-1 D-2 p

5-Yr OS 45% 47% N.S.  
10 Yr. OS   31%         35% 0.53



Prospective, Randomized Clinical Trials of 
Japanese-defined Lymphadenectomy

The Taipei D1-D3 Trial

*   Wu et al.  Lancet Oncology2006; 7: 309-315

*



Taipei D1-D3 Trial - Schema
• Registration 10/’93 – 8/’99, single institution (Taipei Veterans Hospital)
• Criteria: <75 yrs, “fit,” adenocarcinoma, “potentially curable.”

- notearly gastric cancer (i.e. T-1)
- noenlarged nodes at stations #12 or #16
- nodistant mets

• JGCA definitions (1995 English Edition, JGCA)
• No adjuvant treatment of any kind given

--------------------------------------------------

335 Registered
114  intra-op exclusions

221 “intent to treat” group 
(main analysis)

D-1    « D-3 (i.e. D-2 plus peri-aortic dissection)
30 EXCLUDED ¬ 110 111 ® 35 EXCLUDED

N=80 (156) N=76
“per protocol” analysis

Wu WW et al. Lancet Oncology2006; 7: 309-315



D1 (N=110) D3 (N=111)

Median Age 63 yrs 65.2 yrs
Male gender 76% 77%
Mean nodes removed 19.4 nodes 37.2 nodes
Mean nodes positive 3.4 nodes 3.9 nodes
*Antral location 53% 63% *
Total gastrectomy 27% 21% 
T Stage Breakdown:

[ T-1 ] [ 21% ] [ 26% ]
T-2 24% 18%
T3 51% 53%
T4 5% 3%

Taipei D1-D3 Trial Balance (N=221)

Wu WW et al. Lancet Oncology2006; 7: 309-315

156 pts{



Taipei D1-D3 Trial
Quality Control

• All 3 trial surgeons had performed at least 25 
D3 cases prior to initiation of trial

• Single institution trial.  Postop care similar.

• Compliance:  cases reviewed, but protocol 
compliance was not independently assessed or 
reported

Wu WW et al. Lancet Oncology2006; 7: 309-315



Taipei D1-D3 Trial
Postoperative Outcome

D-1 D-3 P

Median L.O.S. -- -- --

Complications 4.5% 17.1% < 0.05

In-hospital death 0 % 0 %

Wu WW et al. Lancet Oncology2006; 7: 309-315



Overall Survival in Taipei Trial
(N=221; includes cases excluded by official protocol)

10 yrs6 yrs2 yrs



Taipei D1-D3 Trial
Five Year Survival for 156 cases “per protocol”

D-1 D-3 P value
(n=80)      (n=76)

Overall Survival 45.0%   51.3% 0.056

Disease-Specific 49.5%   54.3% 0.151 
Survival

Wu WW et al. Lancet Oncology2006; 7: 309-315



Prospective, Randomized Clinical Trials of 
Japanese-defined Lymphadenectomy

The Japanese D2-D3 Trial
(D2 vs. D2 + Para-aortic LND)

(ASCO late-breaking abstract), J Clin OncolSupplement, 2006)

Sasako M et al.  J Clin Oncol. June 20, 2006 2006;24 (18-s, part II):934-s. 



JCOG D2-D3Trial
Inclusion Criteria

Pre-op
• Adenocarcinoma
• 75 yr or younger
• PaO2 > 70 mmHg,  

FEV1.0 > 50%
• CCr > 50 ml/min
• Written consent
Intra-op
• T2(SS), T3, T4
• Curative resection (R0)
• Lavage cytology negative

Exclusion Criteria
Pre-op
• Cancer in gastric stump
• Borrmann 4 (linitis)
• Other primary neoplasm
• History of MI or positive 

exercise ECG
• Liver cirrhosis or 

ICG15 > 10%
Intra-op
• Macroscopic JGCA “N4”

(Frozen section not allowed)

Sasako M et al.  J Clin Oncol. June 20, 2006 2006;24 (18-s, part II):934-s. 



JCOG 9501 – D2-D3 Trial

Gastric Adenoca.

T2b - T4

Criteria as specified

Intra-op Stratified Block 
Randomization

[ T2b / T3-4   ;    Borrmann Type  ;   Institute ]

Group A  (Standard)

D2

Group B  (Extended)

D2 +  PAND (aka “D3”)

Observation without Adjuvant Rx

Activated : 07/1995

Closed: 04/2001

Institutes: 24

Sasako M et al.  J Clin Oncol. June 20, 2006 2006;24 (18-s, part II):934-s. 



Equal Balance
N= 523 patients (all randomized)

197 / 32698 / 16299 / 164T2 / T3-4

219 / 304110 / 150109 / 154
Borrmann Type
0,1,2 / 3,5

5.5 (2-17)5.5 (2-15.2)5.5 (2-17)
Tumor size (cm)
median (range)

61 (25 - 75)61 (27 - 75)60 (25 - 75)
Age (years)
median (range)

359 / 164183/ 77176 / 87M / F

TotalD2 + PANDD2



85
282
156

42 
135
83

43
147
73

surgical N stage
N0
N1
N2-

100
206 
217

47 
103 
110

53 
103
107

Location
Upper
Middle
Lower

TotalD2 + PANDD2

Equal Balance
N= 523 patients (all randomized)



Operation: 523 patients

21129Pancreatectomy +

61
(14-235)

74
(30-235)

54
(14-161)

No. of retrieved nodes
(median and range)

000Resection margin +

1919398Splenectomy +

38.8 %
61.2 %

100
160

103
160

Gastrectomy
Total      
Distal

Total
D2 + 

PAND
D2



Operation: 523 patients

22.0%30.0 %14.1 %Transfusion +

530 ml
(32-2885)

660 ml
(60-2885)

430 ml
(32-1810)

Blood loss
(range)

270 min
(127-625)

300 min
(152-600)

237min
(127-625)

Op. Time : median
(range)

TotalD2 + PANDD2
5 hrs4 hrs



Morbidity & Mortality: 523 patients

2.3%2.7%1.9 %Reoperation

0.8%0.8 %0.8 %Mortality (in hospital)

14.5 %20.0 %9.1 %Miscellaneous#
3.1 %1.5 %4.6 %Pneumonia

5.5%5.8 %5.3 %Abdominal abscess

5.7%6.2 %5.3 %Pancreatic fistula

2.1%1.9 %2.3 %Anastomotic leak

24.5%28.1 %20.9 %Overall morbidity 

TotalD2 + 
PAND

D2

#: p=0.0005 (lymphorrhea, ileus,diarrhea)



Overall survival (N=523)

Stratified log-rank test: P=0.574, HR=1.03 (0.77-1. 37)
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Years after randomization

3-year 5-year 

D2 (263) 76.4% 69.2% 

D2 + PAND (259*) 76.4% 70.3%

Sasako M et al.  J Clin Oncol. June 20, 2006 2006;24 (18-s, part II):934-s. 



Disease-Free Survival (N=523)
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Years after randomization

3-year 5-year 

D2 (263) 67.3% 62.7% 

D2 + PAND (259*) 66.8% 62.2%

Stratified log-rank test: 1 sided P=0.675, HR=1.06 (0.81-1.39)

Sasako M et al.  J Clin Oncol. June 20, 2006 2006;24 (18-s, part II):934-s. 



An 
ALTERNATIVE 
approach …



ALTERNATIVE NODE DISSECTION 
STRATEGY

The Maruyama Computer Program
• Matches given case 

characteristicsagainst 
a 3,843 case data base 
of pts. treated at NCC 
Tokyo. **

• Inputs (7)
Gender                  Age
Borrmann Type    Depth
Location               Size
Differentiation

Output

% chance of disease at 
each lymph node 
station

Kampschoer GHM et al. Br. J. Surg1989; 76: 905-908

** Recently updated to include >4,700 cases



Maruyuma Program Output



The  Maruyama Computer Program
Evaluations

• Japan:*
“…prospective evaluation … 1,000 primary gastric  
cancer patients … has proved encouraging.”

• Germany:**
Node Stations PPV NPV Accuracy
#1 - #6               80%      94%        83%
#7 - #12 83%    100%        89%

• Italy:***
Mean receiver operating characteristic (ROC) 0.856 (accurate)

*     Kampschoer GHM et al. Br. J. Surg1989; 76: 905-908

**   Bollschweiler E et al. Br J Surg1992; 79: 156-160

*** Guadagni S et al. World J Surg2000; 24: 1550-1558



Maruyama Program For Windows



Maruyama Index of Unresected Disease (MI)

DEFINITION of “Maruyama Index” (MI):
“…the sumof Maruyama Program predictions of 
disease (%) for regional (#1 - #12) lymph node 
stations left in-situby the patient’s surgeon…”

Hundahl SA et al. Ann Surg Oncol2002; 9: 278-286
-------------------------------------------------------------------------------------------------------------------------------

Data from two trials now confirm Maruyama Index as an independent 
predictor of survival .  Additionally, with observed “dose response”for 
MI and survival, it may be viewed as a quantitative yardstickfor the 
adequacy of surgeryin gastric cancer.



Southwest Oncology Group Trial S9008
Overall Survival by Maruyama Index
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Maruyama Index Analysis of INT 0116 / SWOG 9008
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Maruyama Index Of Unresected Disease (MI) 
is an INDEPENDENT Predictor of Survival

OVERALL SURVIVAL
Hazard Rx/N/T-Adjusted

MI Ratio(95% C.I.) P Value
<5 vs. >5 1.9   (1.3-2.8) 0.005

RELAPSE-FREE SURVIVAL
Hazard Rx/N/T-Adjusted

MI Ratio(95% C.I.) P Value
<5 vs. >5 2.0   (1.4-2.9) 0.0015

Hundahl SA et al. Ann Surg Oncol2002; 9: 278-286
Hundahl SA et al., Abstract #48, ASCO GI Symposium, San Francisco, Jan 22-24, 2004



Chemo-radiation Arm Surgery-alone Arm
Southwest Oncology Group Trial S9008

Overall Survival by Maruyama Index
Treatment Arm
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5-2006 update.  Originally from: 

Hundahl SA et al. Ann Surg Oncol2002; 9: 278-286  and

Hundahl SA et al., Abstract #48, ASCO GI Symposium, San Francisco, Jan 22-24, 2004

MI < 5
MI < 5

Maruyama Index Analysis of INT 0116 / SWOG 9008



Dutch D1-D2 Trail
Maruyama Index Analysis

• Data sufficient to calculate MI for 648 of the 711 
eligible cases in the trial

• No significant change in balance, and no change 
in D1 vs. D2 findings.  

• 154/648 cases had MI < 5 (i.e. D-level and MI are 
separatemeasures)

• Median MI was 26 (vs 70 for INT 0116)

• MI an independent predictor of both 
overall survival (p=0.016, HR 1.45) and 
relapse risk (p=0.01, HR 1.72)

Peeters, Hundahl, Krannenbarg et al. World J Surg2005; 29; 1576-1584



Dutch D1-D2 Trail
Maruyama Index Analysis

Peeters, Hundahl, Krannenbarg et al. World J Surg2005; 29; 1576-1584

P<0.001



Dutch D1-D2 Trail
Maruyama Index Analysis

Peeters, Hundahl, Krannenbarg et al. World J Surg2005; 29; 1576-1584

Maruyama Index 
appears to 
capture the 
“dose response”
of surgery



Dutch D1-D2 Trail
Autopsy-based failure analysis (by MI)

MI<5 MI> 5
#   (%) #     (%)

None 44 (59) 110 (30)

Locoregional 6   (8%) 78   (21%)

Locoregional+distant14 (19%) 130 (36%)

Distant 11 (15) 48   (13)

TOTAL 75 (100)      366  (100)
P < 0.001

* almost all deaths autopsied 

**

**

Hundahl et al. Gastric Cancer2007; 10: 84-86



Recommendations for Surgical Treatment (1)

• Endoscopic mucosal resectioncan be considered 
for selected mucosal T-1 tumors, especially if 
well-differentiated, non-ulcerated, and < 3 cm wide 

• Margins:
- 3 cm gross proximal marginsfor favorable intestinal,
well-circumscribed tumors not breaching the serosa;      

- 6 cm gross marginsfor all other cases. 
- any radial involvement should be resected en-bloc 
for an R-0 resection.  

- routine total gastrectomy does notimprove survival
provided an R-0 (negative-margin) resection can be 
achieved



Recommendations for Surgical Treatment(2)

• Routine pancreatic/splenic resection is not
necessary.

• JGCA D-level guidelines have so far failedto 
demonstrably enhance the survival of North 
American/European patients.

• In contrast, Low Maruyama Index Surgery 
appears associated with significantly enhanced 
survival.  At a minimum, Maruyama Index may 
be viewed a a quantitative yardstick for the 
adequacy of surgeryin gastric cancer.



Palliative gastrectomyin the absence of 
bleeding, obstruction or perforation.

When, if ever, is it indicated?



Prior studies documenting some improved 
survival with palliative gastrectomy

• Bozzetti F, et al  SGO(JACS) 1987; 164: 151-154.

• Haugstvedt T et al. WJS1989; 13: 617-622.
• Meijer S et al. J Surg Oncol1983; 23: 77-80.

• Monson JR et al. Cancer1991; 68: 1863-1868.
• Maekawa S et al. Hepato-gastroenterology 1996; 43: 178-

186.      
Maekawa’s Results:
296 “incurable” cases, 266 were palliatively resected
Resection with 1 sign incurability:    14% 5-yr survival
Resection with 2 signs incurability:    6%  5-yr survival
Resection with 3 signs incurability:    0%  5-yr survival



Study of the INCURABLE Cases in 
the Dutch D1-D2 Trial

1,078 Registered
82  preop exclusion

996

D-1     « D-2

133 incurable 152 incurable
(711)

133 + 152 = 285 incurable cases, some resected.
Outcomes and survival for all 285 studied studied.

(all suitable by PE, Cxr. and hepatic ultrasound)



Case Distribution, N=285

Incurability No Resection Resection
factor (4 factors) (N=129) (N=156)

Tumor (T4 advanced)108 cases 84 cases
Peritoneal mets 83                  59
Hepatic mets 24 25
Para-aortic nodes + 28 46
(i.e. station #16 positive)

Hartgrink HH et al. Br J Surg 2002; 89: 1438-1443



No Resection vs. Palliative Resection 
No Resection Resection

(N=129) (N=156) P Value
Median Survival 5.4 mo. 8.1 mo. <0.001

LOS (days) 10 dys. 15 dys.        <0.001

Morbidity 12%                      38%             <0.001
mobidity if age < 70  is 17%         if age > 70  is 50% morbidity *

Mortality 10% 12%             n.s.
mortality if age < 70  is 12%        if age > 70  is 20% MORTALITY *

Hartgrink HH et al. Br J Surg 2002; 89: 1438-1443



Hartgrink HH et al. Br J Surg 2002; 89: 1438-1443

for patients age < 70 and 
only 1 incurability factor, 
RESECT !

p=0.03





End


