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Summary. In 125 gastric carcinomas the nuclear D N A  
content was determined by flow cytometry from forma- 
lin-fixed and paraffin-embedded tissue of  surgical speci- 
mens. The carcinomas were of intestinal or mixed type 
(85), and diffuse type (40). DNA-aneuploidy was found 
in 46% of  the intestinal type and in 42% of  the mixed 
type, but  only in 15% of  the diffuse-type carcinomas 
( P <  0.01). The total rate of  DNA-aneuploidy was 34%. 
Carcinomas localized in the cardia were more frequently 
DNA-aneuploid than tumours in other localizations 
(P<0.01) .  DNA-aneuploid carcinomas had metasta- 
sized more frequently to regional lymph nodes (P < 0.05) 
whereas no correlations with tumour stage and cytologi- 
cal/histological grade were detected. In 94 patients fol- 
low-up data were available. DNA-aneuploidy was asso- 
ciated with a statistically significant poorer  prognosis 
when compared to DNA-diploid tumours only in ad- 
vanced gastric carcinomas with lymph node metastases 
(P = 0.0488) and in the subgroup of  advanced intestinal 
and mixed-type tumours ( P =  0.0289). 

Key words: Flow cytometry - Gastric cancer - DNA- 
aneuploidy - Prognosis - Histological type 

the turnout histology and therapy (Bizer 1983; Braun 
1988; Dupont  et al. 1978; Korenaga et al. 1988; Pagnini 
and Rugge 1985). The most important  factor determin-  
ing prognosis of  stomach cancer is the tumour stage 
(UICC 1989) with 5-year survival rates for patients in 
treatable groups of  30-40% and for early cancers (tu- 
mour infiltration limited to mucosa or submucosa) of  
up to 90%. Turnout grade, growth pattern (Ming 1977) 
and histological type (Lauren 1965) seem to be of  addi- 
tional prognostic value (Santini et al. 1987; Stemmer- 
mann and Brown 1974; Viste et al. 1986). Despite the 
widespread use of  these determinants, the conventional 
turnout classifications are only of  limited value in pre- 
dicting the biological aggressiveness of a malignant neo- 
plasm. In the literature the D N A  content of  tumour 
cells is suggested to be an additional variable of  prognos- 
tic significance (Atkin and Kay 1979; Baisch 1984; Bar- 
logic et al. 1983; B6hm and Sandritter 1975; Friedlander 
et al. 1984). The purpose of  the present study was to 
assess the prognostic value of  the D N A  content of gas- 
tric carcinoma cells and to compare it with usual tumour  
classifications. Special attention was paid to the different 
histological types of  gastric carcinomas according to 
Lauren's 1965 classification. 

Introduction 

In spite of  the decrease in incidence and mortality of  
gastric carcinoma in many developed countries (Becker 
et al. 1984; Braun 1988), gastric cancer is still an impor- 
tant cause of  death. In 1988 14 500 patients with gastric 
carcinoma died in the Federal Republic of  Germany 
(Statistisches Bundesamt, 1988) despite improved endo- 
scopic diagnosis and surgical treatment. The 5-year sur- 
vival rate for all stromach carcinomas is about 10-15% 
with broad variations depending on the cohort  studied, 

Offprint requests to: G. Baretton, Institut fiir Pathologic, Medizi- 
nische Universit/it zu Lfibeck, Ratzeburger Allee 160, W-2400 
Lfibeck 1, Federal Republic of Germany 

Materials and methods 

The study was done on formalin-fixed and paraffin-embedded tu- 
rnout material obtained from resection specimens of 125 patients 
with primary gastric cancer: sixty-five (52%) were female and 60 
(48%) were male. Ages ranged from 39 to 87 years (mean age 
66.8 _+ 11.3 years, Table 1). The patients underwent surgery between 
1979 and 1986. Despite less intensive histological examination of 
the material (especially the lymph nodes) before 1985, these cases 
were chosen because of the longer observation time. From 110 
cases an average of five lymph nodes had been prepared. Each 
lymph node was examined routinely in four sections. The localiza- 
tion of the lymph nodes in most cases (before 1985) had not been 
described exactly, and therefore only a classification of cases with 
or without metastatic infiltration in the lymph nodes was per- 
formed in this study. For comparative DNA study between primary 
tumours and lymph node metastases, only lymph nodes with a 



302 

Table 1. Gastric carcinomas (n = 125): 
DNA ploidy, histological type (Laur- 
en), and pT stage 

Intestinal 
- diploid 
- aneuploid 

Mixed 
- diploid 
- aneuploid 

pT1 pT2 pT3 pT4 

9 
8 
1 

7 
4 
3 

Diffuse 8 
- diploid 8 
- aneuploid 0 

Total 24 (19%) 
- diploid 20 (83%) 
- aneuploid 4 (17%) 

Total 
- diploid 
- aneuploid 

5l 0 1 61 (49%) 
24 0 1 33 (54%) 
27 0 0 28 ( 4 6 % ) 7  
15 2 0 24 ( 1 9 % ) [  
9 1 o 1 4 ( 5 8 % ) |  
6 1 0 10 (42%)---  I 

P<0.01 
23 3 6 40 (32%) | 
18 3 6 35 (87.5%) 
5 0 0 5 (12.5%) 

89 (71%) 5 (4%) 7 (6%) 125 (100%) 
51 (57%) 4 (80%) 7 82 (66%) 
38 (43%) 1 (20%) 0 43 (34%) 

tumour infiltration of at least 0.5 cm extent were analysed (56 
cases). The tumours were classified according to pT stages (UICC 
1989) and to Lauren (1965), and graded according to the WHO 
classification (Watanabe et al. 1990). Those carcinomas with a 
blend of both intestinal and diffuse components (at least about 
25%) were classified as mixed type. Of the 125 patients, 13 died 
within 30 days after operation and in 18 cases only incomplete 
follow-up data were available. The remaining 94 patients were fol- 
lowed up to 108 months (mean time of observation 27.9 months). 

After excising necrotic areas and excess of normal tissue accord- 
ing to the H&E slides, nuclear preparation was performed using 
a modification of the method of Hedley et al. (1983, 1985). One 
to four (on average, two) paraffin blocks were available from each 
primary tumour, depending on tumour size. Five to 15 sections 
(30 gin) were cut from each paraffin block. The sections were de- 
waxed in xylol on a shaker (30 rain) and rehydrated by passing 
through a series of alcohols (100%, 98%, 70% and 40% ethanol). 
The sections were washed twice in distilled water and minced by 
scissors. The next step was an enzymatic digestion with 5 ml 0.5% 
pepsin (Sigma, St. Louis, Mo., P-6887) in 0.9% NaC1 adjusted 
to pH 1.1 with 1 M HC1 and incubated at 37 ~ C for 75 min on 
a rocking table. After filtration (30 gm nylon mesh) the probes 
were centrifuged at 1000 U/rain for 10 min and stained by suspend- 
ing them in a solution of propidium iodide (0.13 mg/ml; Aldrich, 
Steinheim, FRG, no. 28,707-5) containing 0.1% RNase (Sigma, 
R-4875). The suspensions were adjusted to a concentration of 2- 
4 x 10 6 nuclei/m1. Nuclear DNA content was measured using an 
Ahrens FCM "Phoenix" (Ahrens, Bargteheide, FRG), a modifica- 
tion of the instrument described by Steen and Lindmo (1979) with 
a mercury arc lamp as light source. Excitation wavelength was 
546+14 nm (Leitz filter block M2). The signals were registered 
by a photomultiplier; from each probe 20000 impulses were mea- 
sured and the data were analysed with the FDAS software package 
(Ahrens). In diploid tumours the resulting histograms showed only 
one peak demonstrating a coincidence of tumour cells and normal 
cells after excision of residual diploid cells from surrounding tissue, 
lymphocyts, and stromal cells. In aneuploid carcinomas one or 
more additional abnormal stem lines were present. For each tu- 
rnout a DNA index (DI) was determined by the ratio of fluores- 
cence intensity of the tumour cell peak (channel number) and fluo- 
rescence intensity of the normal/diploid peak (channel number). 
For DNA-aneuploidy a minimal DI of 1.1 was defined. The coeffi- 
cient of variation (CV) determined by 

number of channels at half of peak x e- ~/2 
C V -  mean channel number of peak 

served as a parameter for the quality of the measurements. No 

histograms exceeding CV 8.0% were accepted. The mean CV of 
all measured DNA-diploid peaks was 5.49% _+ 1.51. 

In a preliminary series of 5 gastric carcinomas the ploidy was 
determined from fresh material and from corresponding formalin- 
fixed and paraffin-embedded tissue. The results concerning DNA 
ploidy and Dr showed no differences, whereas the rate of nuclear 
debris and the CV values were higher in the latter group (Baretton 
et al. 1987). 

Correlations between DNA ploidy and clinical and pathological 
features were examined by using the chi-square test, Kaplan-Meier 
survival curves and the log rank test (SPSS statistical software). 

R e s u l t s  

Using  the Lau ren  c lass i f ica t ion  61 (43%)  t u m o u r s  were 
o f  the in tes t ina l  type,  40 (32%)  were o f  the  diffuse type  
and  in 24 (19%)  o f  the ca r c inomas  a mixed  h is to logica l  
pa t t e rn  was p resen t  wi th  t ubu l a r  and  diffuse po r t i ons  
wi th in  the same t umour .  D N A - a n e u p l o i d y  was obse rved  
in a s ta t i s t ica l ly  s ignif icant  h igher  ra te  in ca r c inomas  
o f  the in tes t ina l  (46% o f  cases) and  mixed  types (42% 
of  cases) as c o m p a r e d  to the diffuse gastr ic  ca r c inomas  
(12.5% o f  cases;  P < 0 . 0 1  ; Table  1, Figs. 1, 2). W i t h o u t  
d i f fe ren t ia t ion  o f  the  h is to logica l  type  82 (66%) o f  the 
125 cases s tud ied  were D N A - d i p l o i d ,  43 (34%) were 
D N A - a n e u p l o i d  (Table 1). In  4 cases (3%)  a he teroge-  
neous  D N A  p l o i d y  was detected.  N o  co r re l a t ion  was 
found  be tween  D N A  p l o i d y  and  pa t i en t s '  sex and  age. 
Di f fuse- type  ca rc inomas  showed  a t rend  to be in m o r e  
a d v a n c e d  t u m o u r  stages,  bu t  no clear  cor re la t ions  were 
found  be tween p lo idy  and  ei ther  the pT  stage (Table 1) 
or  the h i s to log ica l / cy to log ica l  g rade  acco rd ing  to the 
W H O  class i f ica t ion ( W a t a n a b e  et al. 1990; Table 2). The  
f requency  o f  l y m p h  node  metas tases ,  however ,  was sig- 
n i f icant ly  h igher  in D N A - a n e u p l o i d  p r i m a r y  t u m o u r s  
(77% vs 55% in D N A - d i p l o i d  ca rc inomas ,  P < 0 . 0 5 )  in 
the 110 cases in which  a comple t e  l y m p h  node  s ta tus  
was ava i lab le  (Table 3). The  c o m p a r i s o n  o f  D N A  con-  
tent  in p r i m a r y  t u m o u r s  and  l y m p h  node  metas tases  (n = 
56) resul ted  in a difference o f  D N A  p lo idy  in 46% (11/ 
24) o f  D N A - a n e u p l o i d  cancers ,  bu t  only  in 6% (2/32) 
o f  D N A - d i p l o i d  t u m o u r s  ( P <  0.01). 
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Fig. 1. Gastric carcinoma, intestinal type (pT2, pN pos, G1, H&E x 100) with an aneup]oid DNA content (DI = 1.3, CVI =- 5.5%, CV2 = 
6.7%) 
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Fig. 2. Gastric carcinoma, diffuse type (pT2, pN pos, G3, H&E x 100) showing DNA diploidy (CV= 3.6%) 

Tumours localized in the cardia were more frequently 
DNA-aneuploid (75%, P<0.01, Table 4), whereas the 
majority of cancers arising in gastric stumps (n=13) 
were DNA-diploid (85%, Table 4). 

In 94 cases complete clinical follow-up data were ana- 
lysed. In this group 65 (69%) patients had DNA-diploid 
tumours and 29 (31%) were found to have DNA-aneu- 
ploid carcinomas. The mean age and sex did not differ 
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Table 2. Gastric carcinomas (n = 125): 
DNA ploidy, histological type (Lauren), 
and grade (WHO) 

G1 G2 G3 Total 
- diploid 
- aneuploid 

Intestinal 2 (3%) 16 (26%) 43 (71%) 61 
- diploid 1 10 22 33 
- aneuploid 1 6 21 28 

Mixed 0 I (4%) 23 (96%) 24 
- diploid 0 0 14 14 
- aneuploid 0 1 9 10 

Diffuse 0 0 40 (100 %) 40 
- diploid 0 0 35 35 
- aneuploid 0 0 5 5 

2 (2%) 17 (13%) 106 (85%) 125 
1 ( 5 0 % )  1 0  ( 5 9 % )  7 1  ( 6 7 % )  82 
I ( 5 0 % )  7 ( 4 1 % )  3 5  ( 3 3 % )  4 3  

Total 
- diploid 
- aneuploid 

Table 3. Gastric carcinomas (n = 110): D N A  ploidy and frequency 
of lymph node metastases (except pNx; n = 15) 

pN pos. pN neg. Total 
- diploid 
- aneuploid 

Intestinal 
- diploid 
- aneuploid 

Mixed 
- diploid 
- aneuploid 

Diffuse 
- diploid 

aneuploid 

Total 
- diploid 

- aneuploid 

34 (67%) 17 (33%) 51 
16 11 27 
18 6 24 

15 (63%) 9 (37%) 24 
7 7 14 
8 2 I0 

20 (57%) 15 (43%) 35 
16 14 30 
4 1 5 

69 (63%) 41 (37%) 110 
39 (55%) 32 (45%) 71 

P<0.05  
30 (77%) 9 (23%) 39 

between both groups. As expected, early cancers (pTl) 
proved to have a statistically significant better course 
(median survival 96 months) when compared with ad- 
vanced tumour stages (pT2-pT4; median survival 18.24 
months, P =  0.004, Table 5), independent of histological 
type and ploidy. 

Among the cases with advanced carcinomas a trend 
to longer median survival times for turnouts of the intes- 
tinal and mixed types was registered, but the differences 
with diffuse-type carcinomas were not statistically signif- 
icant (Table 5). DNA-aneuploidy was found to be a stat- 
istically significant indicator for worse prognosis only 
for advanced carcinomas with lymph node metastases 
(pT2-pT4/Ln pos.; P=0.0415; Table 6, Fig. 4) and for 
the subgroup of advanced carcinomas with tubular dif- 
ferentiated tumour areas (intestinal and mixed types, 
pT2-pT4; p=0.0289; Table 6, Fig. 5a). In all other tu- 
rnout stages except early cancers, a tendency to a more 
unfavourable course of DNA-aneuploid tumours was 
detected (Table 5). 

Table 4. Gastric carcinomas (n = 125): D N A  ploidy, histological type (Lauren), and localization 

Cardia Corpus/ Antrum/ Gastric 
fundus pylorus stump 

Total 
diploid 

- aneuploid 

Intestinal 6 (10%) 25 (41%) 25 (41%) 5 (8%) 61 
diploid 1 12 17 3 33 

- aneuploid 5 13 8 2 28 

Mixed 3 (12.5%) 5 (21%) 13 (54%) 3 (12.5%) 24 
- diploid 0 2 9 3 14 
- aneuploid 3 3 4 0 10 

Diffuse 3 (7.5%) 14 (35%) 18 (45%) 5 (12.5%) 40 
- diploid 2 13 15 5 35 

aneuploid 1 1 3 0 5 

Total 12 (10%) 44 (35%) 56 (45%) 13 (10%) 
diploid 3 (25%) 27 (61%) 41 (73%) 11 (85%) 

P<0.01 

125 (loo%) 
82 (66%) 

- aneuploid 9 (75%) 17 (39%) 15 (27%) 2 (15%) 43 (34%) 
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Fig. 3. Gastric carcinoma, mixed type (pT1, pN pos, G2, H&E x 100), here predominantly mucinous intestinal differentiation with 
two different abnormal stem lines (DI1 = 1.2, DI2 = 1.3, CV1 = 3.6%, CV2 = 3.9%, CV3 = 2.6%) 

Table 5. Gastric carcinomas (n = 94) : DNA ploidy, tumour stage, 
histological differentiation (Lauren), and median survival (Kaplan- 
Meier) 

Stage Median survival (months) 

Total Diploid Aneuploid P value 
(log rank test) 

pTl (early ca.) 

pT2-pT4 

pT2-pT4 
pN pos. 

Histological type 

pT1 (early ca.) 

pT2-pT4 

96.00 70.29 84.00 NS 
n=19 n=16 n=3  

18.24 25.49 14.00 NS 
n=75 n=49 n=26 

16.23 31.50 10.50 0.0415 
n=47 n=30 n=17 

and stage intestinal type 

48.00 48.00 - 
n=6  n=6  n=0  

19.58 42.46 13.50 NS 
n = 36 n = 17 n = 19 (0.067) 

Intestinal and mixed types 

pT2-pT4 25.02 33.96 16.00 0.0289 
n=47 n=25 n=22 

Diffuse type 

pT1 (early ca.) 96.00 96.00 - 
n=7  n=7  n=0  

pT2-pT4 10.27 11.22 6.00 NS 
n=28 n=24 n=4  

NS, Not significant 

09 i 
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~, o,7 ', 

o L \  
0.~ i 

e> . . . . . . . .  ;~ . . . . . . . . . . . . . . .  d iploid (n : 30)  

p = 0,0/,15 

; oneup lo id  ( n = 1 7 )  

0 10 20  30 /,0 SO 60 70 80 

Months  

Fig. 4. Kaplan-Meier survival curves for patients with DNA-dip- 
loid and DNA-aneuploid gastric carcinomas with lymph node me- 
tastases (pT2-pT4, pN pos) 

Discussion 

The ra te  o f  D N A - a n e u p l o i d y  in gas t r ic  c a r c inom as  re- 
p o r t e d  in the  l i t e ra ture  shows a b r o a d  va r i a t i on  f rom 
39% ( O d e g a a r d  et al. 1987) to  89% (Teodor i  et al. 1984, 
Table  6). C o m p a r i s o n  o f  the d a t a  f rom di f ferent  s tudies  
is p r o b l e m a t i c a l  for  several  reasons .  The  differences 
migh t  be  exp la ined  by  the re la t ive ly  low n u m b e r  o f  cases 
in m a n y  inves t iga t ions ,  pa t i en t  select ion and  technica l  
reasons .  Cons ide r ing  case n u m b e r ,  on ly  Tosi  et al. (1988) 
s tud ied  m o r e  t han  100 t u m o u r s  (Table 6). Pa t i en t  selec- 
t ion  is especia l ly  re levant  in re t rospec t ive  studies,  in 
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Fig. 5. Kaplan-Meier survival curves for pa- 
tients with DNA-diploid and DNA-aneup- 
loid gastric carcinomas (pT2-pT4) of a intes- 
tinal and mixed types (above) b diffuse type 
(below) 

which there might be poor patient definition (site, grade, 
histological type, stage, and other standard turnout defi- 
nitions). Different technical factors can also influence 
the results: kind of material used (resection specimens 
or biopsies, type of fixation and paraffin-embedding 
procedure, and in particular variations in the preparative 
techniques of the nuclei for DNA analysis. The mean 
coefficient of variation of 5.5% in the present study as 
an indicator of the quality of measurements is one of 
the most favourable results when compared with the 
published data in similar investigations (Table 6). 

In our investigation, the DNA content of gastric car- 
cinomas did not correlate with sex or mean age of the 
patients. The histological differentiation, however, 
showed a statistically significant higher rate of DNA- 
aneuploidy in stomach cancers with tubular differentiat- 
ed areas; the intestinal (46% aneuploidy) and mixed 
types (42% aneuploidy), when compared with the dif- 
fuse-type turnouts (12.5%). Similar, but not statistically 
significant data were reported by Macartney et al. 
(1986), Petrova et al. (1980) and Wyatt et al. (1989). An- 
other investigation (Deinlein et al. 1983) came to the 
opposite conclusion, whereas Ballantyne et al. (1987), 
Mellin et al. (1986) and Tosi et al. (1988) did not find 
any correlation with histological type (Table 6). The stat- 
istically significant higher prevalence of DNA-aneuploid 
carcinomas in the cardia, recently described by Nanus 
et al. (1989), was confirmed. The pathogenetic reason 
for this finding is not yet clear. It might be suggested 
that the activity of mucosal enzymes metabolizing puta- 

tive cancerogenic substances in the food (Pfeiffer 1976; 
Thies and Siegers 1989) could differ regionally in the 
stomach. 

Early cancers and carcinomas arising in gastric 
stumps were mostly diploid. In agreement with most 
other investigations (Table 6), however, statistically sig- 
nificant correlations between DNA ploidy and the depth 
of infiltration (pT stages) or the histological/cytological 
grade were not detected (Table 2). 

Independent of the histological type DNA-aneuploid 
carcinomas showed more frequent lymph node metas- 
tases (P<  0.05, Table 3). An association of DNA-aneup- 
loidy and a higher rate of lymphatic metastases was pre- 
viously reported by Tosi et al. (1988). The comparison 
of DNA content in primary turnouts and in lymph node 
metastases (n = 56) resulted in a difference of ploidy in 
46% of the aneuploid tumours, but only in 6% of the 
DNA-diploid carcinomas (P < 0.01). Comparable results 
were obtained in colorectal carcinomas (Baretton et al. 
1990; Rfibe et al. 1988). Due to our technique of cutting 
out excess normal tissue from the paraffin blocks, a sam- 
pling error seems unlikely as an explanation for this 
finding. This phenomenon may indirectly indicate the 
presence of heterogeneous stem lines with possibly dif- 
ferent metastatic or growth potential in the primary tu- 
mour, or the development of various stem lines from 
the primary tumour in the metastases (R/ibe et al. 1988). 
A regression of aneuploid subpopulations in the lymph 
node metastases is also possible. Heterogeneity of DNA 
content is well known in human cancers and its detection 



Table 6. Review of flow-cytometric analyses of gastric carcinomas 
in the literature, regarding the number of cases, the preparation 
[fresh (fr) or paraffin-embedded (pa) tissue from resected specimens 
(res) or biopsy material (bio)], the coefficient of variation (CV 
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%), the percentage of anenploidy and correlations between DNA 
ploidy and histological type, grade, depth of infiltration, lymph 
node metastases, and prognosis (significant positive, + ; weak cor- 
relation, (+) ;  negative, - ; no investigation, *; no statement, 0) 

Reference Number of Material Median CV Percentage 
cases (%) DNA-aneu 

Correlation between DNA-ploidy and 

Hist. type Grade Depth LNstate Prog. 

de Aretxabala 37 res fr/pa 5.8 59 * - (+ )  * 
et al. (1989) 

Ballantyne 77 res pa 6.8 62 - - - * - 
et al. (1987) 

Bronzo 13 bio fr 3.2 62 * * * * (+)  
et al. (1989) 

Danova 9 res fr/pa 0 67 * (+ )  * * * 
et al. (1987) 

Deinlein 19 bio fr 0 58 (+)  * * * * 
et al. (1983) 

Macartney 56 res pa 5.3 73 (+)  * - - * 
et al. (1986) 

Mellin 55 0 0 0 80 - - - * * 
et al. (1986) 

Nanus 50 res fr 0 70 + - - - ( + ) / +  
et al. (1989) 

Odegaard 18 bio fr 7.2 39 * * * * * 
et al. (1987) 

Petrova 45 bio fr 0 69 * * * * * 
et al. (1980a) 

Petrova 23 res fr 0 44 (+)  * * * * 
et al. (1980b) 

Sasaki 15 res fr 0 80 * * * * * 
et al. (1988) 

Teodori 18 res/bio fr 0 89 * * * * * 
et al. (1984) 

Tosi 133 res pa 2.5-7.0 62 - - + + + 
et al. (1988) 

Wyatt 76 res pa 8.5 42 (+)  - - - ( + ) / +  
et al. (1989) 

Submitted investigation 125 res pa 5.5 34 + - - + ( + ) / +  

depends  d i rec t ly  on  the n u m b e r  o f  p robes  inves t iga ted  
(Bare t ton  et al. 1989; H e p p n e r  1984). The  ra te  o f  4 cases 
(3%)  wi th  he t e rogeneous  p l o i d y  in d i f ferent  t u m o u r  re- 
g ions  or  d i f ferent  D N A - a n e u p l o i d  s tem lines in the same 
p r o b e  f rom one  pa ra f f in  b l o c k  (Fig.  3) is p r o b a b l y  too  
low, because  o f  the  l imi ted  ma te r i a l  ava i lab le  in this re- 
t rospec t ive  s tudy,  when  c o m p a r e d  wi th  p rospec t ive  and  
extensive inves t iga t ions  (de A r e t x a b a l l a  et al. 1989; Sa- 
saki  et al. 1988). 

Few repor t s  dea l ing  wi th  the p rognos t i c  va lue  o f  the 
f low-cy tomet r i c  D N A  con ten t  o f  gas t r ic  c a r c i n o m a s  
have  been  pub l i shed  and  the results  are  c o n t r a d i c t o r y  
(Table 6). Mos t ly ,  a weak  pred ic t ive  va lue  o f  D N A - a n -  
eup lo idy  for  a m o r e  u n f a v o u r a b l e  p o s t o p e r a t i v e  course  
has  been  f o u n d  (Bronzo  et  al. 1989; N a n u s  et al. 1989; 
Tosi et al. 1988; W y a t t  et al. 1989). Studies  f rom J a p a n  
on  ear ly  gas t r ic  cancer  us ing c y t o p h o t o m e t r i c  techniques  
have also shown an  a s soc ia t ion  be tween  D N A  con ten t  
o f  t u m o u r  cells and  b io log ica l  b e h a v i o u r  ( Inokuch i  et al. 
1983 ; K a m e g a w a  et  al. 1986), a l t hough  such techniques  
are  no t  d i rec t ly  c o m p a r a b l e  wi th  f low cy tomet ry .  

O u r  results  s u p p o r t  the  va lue  o f  the  usua l  t u m o u r  
c lass i f icat ions ,  especial ly  the i m p o r t a n c e  o f  the  dep th  

o f  in f i l t ra t ion  wi th  the  bes t  p rognos i s  for  c a r c inomas  
l imi ted  to  m u c o s a  and  s u b m u c o s a  (ear ly  cancers) .  M o r e -  
over ,  the l imi ted  va lue  o f  the h i s to log ica l  d i f fe ren t i a t ion  
was shown by  the t endency  to a be t te r  o u t c o m e  o f  tu- 
m o u r s  wi th  t u b u l a r  d i f fe ren t ia ted  areas  ( in tes t inal  and  
mixed  types)  in a d v a n c e d  stages.  W i t h i n  these s u b g r o u p s  
a survival  a d v a n t a g e  for  pa t ien t s  wi th  D N A - d i p l o i d  tu-  
m o u r s  was de tec ted  for  all a d v a n c e d  t u m o u r s  wi th  s ta t -  
is t ical ly s ignif icant  differences for  c a r c i n o m a s  wi th  lym-  
pha t i c  metas tases  (Table 5, Fig. 4) and  for  t u m o u r s  wi th  
a t u b u l a r  d i f fe ren t ia ted  p o r t i o n  ( in tes t ina l  and  mixed-  
type  t u m o u r s ;  Table  5, Fig.  5 a). O u r  resul ts  on  this p o i n t  
c o r r e s p o n d  wi th  the  f indings  o f  W y a t t  et  al. (1989), who  
also showed  an  assoc ia t ion  o f  D N A - a n e u p l o i d y  and  
shor te r  survival  only  in pa t ien t s  wi th  in tes t ina l - type  tu- 
mours .  These  au thors ,  however ,  s tud ied  only  pa t ien t s  
unde rgo ing  po ten t i a l l y  cura t ive  o p e r a t i o n s ;  the  corre la-  
t ion  o f  h i s to log ica l  type  toge the r  wi th  t u m o u r  s tage to 
D N A  p lo idy  was no t  ana lysed ,  and  mixe d - type  t u m o u r s  
r e sembled  d i f fuse- type  r a the r  than  in tes t ina l - type  can-  
cers in D N A  con ten t  and  cl inical  behav iour .  In  the  ear ly  
cancers  ne i ther  D N A  p l o i d y  no r  h i s to log ica l  d i f ferent ia-  
t ion  seem to be o f  p rognos t i c  i m p o r t a n c e  in ou r  mater ia l .  
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A r e m a r k a b l e  resul t  is the h igh  ra te  o f  D N A - d i p l o i d y  
in diffuse gas t r ic  cancers ,  which  seemed to have  a p o o r e r  
p rognos i s  than  the in tes t ina l  types.  This  f inding  suggests  
t ha t  no t  only  his togenesis  and  p h e n o t y p e  bu t  o the r  pa th -  
ogenet ic  mechan i sms  such as t u m o u r  in i t i a t ion  a n d / o r  
p r o m o t i o n  migh t  be also dis t inct  in bo th  types  o f  s tom-  
ach  ca rc inomas .  Never theless ,  in some diffuse gas t r ic  
cancers  D N A - a n e u p l o i d y  is p resen t  and  these cases seem 
to have  the mos t  u n f a v o u r a b l e  o u t c o m e  (Table 5, 
Fig. 5 b). In  the presen t  s tudy  the c o m b i n a t i o n  o f  usual  
t u m o u r  c lass i f ica t ions  and  the f low-cy tomet r i c  de te rmi -  
na t i on  o f  D N A  con ten t  in gastr ic  ca r c inomas  p r o v i d e d  
m o r e  de ta i led  i n f o r m a t i o n  a b o u t  the  fur ther  course  o f  
the  pa t ien t s  t han  conven t i ona l  t u m o u r  c lass i f ica t ions  
alone.  D N A - a n e u p l o i d y  was a s ta t i s t ica l ly  s ignif icant  in- 
d i ca to r  for  a p o o r e r  p rognos i s  in a d v a n c e d  gas t r ic  carci-  
n o m a s  with  l y m p h  node  metas tases  and  in a d v a n c e d  
t um our s  wi th  t ubu l a r  d i f fe ren t ia t ion  ( in tes t inal  and  
mixed  types).  Those  pa t ien t s  wi th  the add i t i ona l  r isk 
fac tor  D N A - a n e u p l o i d y  need closer  survei l lance and  
wou ld  pe rhaps  p ro f i t  f rom a d j u v a n t  fo rms  o f  therapy .  
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