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ABSTRACT

Aim: to investigate whether flow cytometry could help to defi-
ne the optimal therapeutic strategy of primary gastric lymphomas.

Material and method: retrospective study of 46 patients ha-
ving primary gastric lymphoma —according to Dawson criteria— in
Ann Arbor stage I; and II;, who were surgically treated. From se-
lected paraffin-embedded tissue blocks of the tumor, DNA content
was studied by flow cytometry (FC). Other pathological tumor fea-
tures were analysed by hematoxiline-eosine and Giemsa stains as
well as immunohistochemical study; any possible influence on
postoperative survival was investigated through statistical analysis.

Results: the DNA ploidy pattern was diploid in 40 cases
(87%) and aneuploid (hyperdiploid) in 6 (13%). Postoperative sur-
vival probability (PSP) was 62.7% at 5 years. Statistical analysis
showed significant prognostic value for Ann Arbor classification
—with higher PSP for stage I; (p = 0.009)- and FC parameters: di-
ploid tumors had higher PSP than aneuploid tumors. Also tumors
having S-phase (p = 0.044) or G2-M phase values (p = 0.023) un-
der the respective mean values had higher PSP. No influence on
PSP was found for wall invasion, Helicobacter pylori infection,
[saacson’s histologic type or resection margin involvement. No
significant relationship was appreciated between Isaacson’s histo-
logic type and DNA ploidy patterns.

Conclusion: FC could be useful in assessing gastric lympho-
ma prognosis.
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INTRODUCTION

Gastric lymphoma is not a common tumor, with an in-
cidence of 0.7-0.8 cases per 100,000 inhabitants in West-
ern Europe (1). There is considerable controversy con-
cerning gastric lymphoma treatment since there are
several therapeutic options. Surgical resection, the classi-
cal treatment associated with good results, is increasingly
being replaced by chemotherapy (2,3), also showing
good results but lacking long-term follow-up. Its patho-
genesis has been associated with Helicobacter pylori (H.
pylori) infection and thus these patients have also been
exclusively treated with H. pylori eradication therapy,
with complete remission in high percentages (62-91,6%)
(4,5). Although monoclonality persistence has been re-
ported in cases with complete histological remission, it
has not a clear prognostic significance and long-term re-
lapse rates are very low (5).

The assessment of prognostic factors could help to de-
fine a therapeutic strategy. Among these factors are the
clinical stage, high-grade histologic type, serosal in-
volvement, or proliferating cell nuclear antigen (PCNA)
expression (4-11). Flow cytometry (FC) is a quantitative
method of DNA content assessment. In most malignan-
cies an abnormal DNA content —aneuploidy— has been
found, and frequently it has been associated with an ad-
verse prognosis: breast, urinary bladder, uterine cervix,
ovary, colo-rectal and non-small cell lung tumors (12). In
systemic non-Hodgkin lymphomas, there is no agreement
concerning the prognostic value of FC (13-17). The pub-
lished studies focusing on primary gastric lymphomas are
scanty and also, the results concerning FC prognostic val-
ue are contradictory (11,12,18-20).

The main aim of this study is to analyse the possible
prognostic value of FC by correlating it with postopera-
tive survival. As a secondary aim, we investigate the re-
lationship of FC with other conventional histologic fac-
tors.
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METHODS

This is a retrospective study of 46 patients with prima-
ry gastric lymphoma defined according to Dawson’s cri-
teria (21) diagnosed and treated between 1974 and 1999.
There were 23 women and 23 men with ranging 28-85
years (mean 64.1).

The first 14 patients of the series —all of them from 1974
to 1984— were diagnosed by radiological imaging as hav-
ing a “gastric tumor” and then operated on; a lymphoma
was confirmed in the surgical specimen in all. The remain-
ing 32 patients were diagnosed by gastroscopy and biopsy.
Some of these cases were included I other previously re-
ported series (22). In one patient AIDS was also diag-
nosed. This case has previously been published (23). Pre-
operative staging was performed by physical exam,
peripheral blood study, bone marrow biopsy, chest X-ray
and abdominal-thoracic computed tomography in patients
treated after 1984. Patients with distant organ or lymph
node involvement other than regional gastric nodes were
excluded for surgery, which was the treatment of choice in
our hospital protocol by the years when the patients were
managed. Postoperative staging was performed according
to the Ann Arbor classification (24). Thirty cases (65.2%)
were in stage [E —tumor limited to the gastric wall without
positive lymph nodes; 16 cases (34.8%) were in stage IIE—
tumor with positive lymph nodes.

Partial gastrectomy was performed in 36 patients
(78.3%) and total in 10 (21.7%), according to whether the
distance was greater or less than 5 cm to the cardia.
Splenectomy was associated in 5 cases because of tumor
proximity but without direct invasion. In 10 cases
(21.7%) microscopic margin involvement was found.
Five of them received additive chemotherapy or radio-
therapy. The remainder did not receive additive therapy
for several reasons: three because they were considered
unfit due to age or associated conditions and two refused
further therapy. In the postoperative period —until hospi-
tal discharge— 4 patients died (8.7%). Non-fatal compli-
cations were present in 5 patients (10.9%). In 18 patients
additive chemotherapy, consisting of cyclophosphamide,
doxorubicin, vincristine and prednisone —CHOP- was
administered and radiotherapy, in 3.

Paraffin-embedded blocks of the surgical specimen
were revised. Studies with hematoxiline-eosine and
Giemsa stains as well as immunohistochemical study
were performed. The latter was done with the soluble
complex alkaline phophatase-antiphosphatase (Biomeda
Corp., Foster City CA, USA). A prediluted panel (all
from Cormedica, Spain) was used, the common leuko-
cyte antigen CD 45 being a marker for lymphocyte cells,
L26 a marker for B phenotypic lymphocytes and UHCL1
a marker for T phenotypic lymphocytes.

Tumors were classified according to Isaacson’s classi-
fication (25). Other histological features were studied by
means of optic microscopy: after Giemsa stain H. pylori
presence was observed and after haematoxylin-eosin
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margin involvement and wall invasion —partial versus to-
tal- were analysed. Since the differentiation zone where
both normal and reactive lymphocytes are together is
sometimes difficult to separate, the invasion level could
not be precisely assessed in 3 cases.

The DNA content of the tumor was assessed by FC. Nu-
clear suspension from selected paraffin-embedded tissue
blocks of the tumor was prepared using the method de-
scribed by Hedley et al. (26) with certain modifications
(27). Fifty-micron sections were cut on a rotatory micro-
tome and placed into 10 ml glass centrifuge tubes. The sec-
tions were deparaffinized in xylene and rehydrated in 100,
95, 70 and 50% ethanol at room temperature. The tissue
was washed twice in distilled water and digested with 2 ml
of 0.1% protease (Sigma, Spain), in phosphate-buffered
saline (PBS), pH 7.4. The tubes were placed in a waterbath
at 37 °C for approximately 90 minutes, with intermittent
vortex mixing. This solution was filtered through a 50-mi-
cron nylon mesh, centrifuged and stained with propidium
iodide using the method described by Vindelov et al. (28).
Ten thousand cells were analysed with a Becton Dickinson
FACS analyser. The DNA index, GO/G1, S and G2/M phase
fractions, and coefficient of variation (CV) for the GO/G1
peak were calculated using software supplied by Becton
Dickinson (RFIT model). Inflammatory and epithelial cells
from the same specimen (normal host cells) served as a con-
trol. The percentage of tumor cells in the different phases of
cell cycle was assessed: GO/G1, S and G2-mitosis phase.
The DNA index was also assessed: the relationship between
phase GO/G1 of tumor population and phase GO/G1 of nor-
mal diploid population. As a result, every case is included in
one of the following clonal categories: diploid (0.95-1.1.0)
and aneuploid, beyond those limits. The latter can be classi-
fied into hypodiploid (< 0.95), hyperdiploid (1.10-1.90),
tetraploid (1.95-2.10) and hypertetraploid (> 2.10). The
mean variation coefficient was 7.1 (1.6-10.5).

Statistical analysis was carried out using the Chi* and
Fisher’s exact tests. The Kaplan-Meier and log rank tests
were used for survival analysis, performed only in patients
treated by gastrectomy without postoperative death and not
lost to follow-up. Deaths by other causes different to gas-
tric lymphoma were considered as censored. The parame-
ters included in survival analysis were: DNA content
(clonal category), Ann Arbor stage, level of wall invasion,
Helicobacter pylori infection, Isaacson’s histologic type,
resection margin involvement, S-phase fraction and G2/M
phase fraction. For the latter two parameters, groups were
arbitrarily defined as higher and less than each mean value.
Regarding multivariate analysis, a sample size with at least
ten events for every variable in the model is usually recom-
mended (29,30). As there are only five tumor-related
deaths in our sample, we avoided estimating hazard ratios
via Cox regression, included for the univariate case; de-
spite the small number of events, there is no problem in ap-
plying the log-rank test (as we do) since type I error is in-
flated when the events:variables ratio is lower than 4 (31);
in our work, this ratio is 5.

REV Esp ENFERM DiG 2006; 98(11): 817-827
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RESULTS

Forty-four tumors could be classified according to
Isaacson’s classification: 28 (63.6%) low grade type B
(LG), 15 (34.1%) high grade type B (HG) and 1 (2.3%)
type T. Wall invasion could be assessed in 43 cases: 25
(58.1%) total and 18 (39.1%) partial. H. pylori was iso-
lated in 28 (62.2%) cases out of the 45 cases assessable.
FC data are shown in table I. DNA ploidy pattern was

diploid in 40 cases (87%) and aneuploid (hyperdiploid)
in 6 (13%). The percentage of cells in each cell cycle
phase was as follows: GO/G1: 83.59% (s.d.: 12.68); S:
12.68% (s.d.: 10.99); G2/M: 3.72% (s.d.: 2.42).

Three patients (6.5%) suffered clinical relapse, at 3, 6
and 9 months after surgery. Postoperative survival proba-
bility (PSP) was 62.7% at 5 years. The statistical analysis
is shown in table II. Significant prognostic value was
found for Ann Arbor classification —stage I, having a

Table I. Flow cytometry data, histology and tumor stage

Case Histology DNA Index DNA ploidy GO/G1 S G2/IM Stage
pattern
1 HG 1.8 Hyperdiploid 583 36.2 5.6 IE
2 LG 1.2 Hyperdiploid 70.8 23 6.2 IE
3 LG 1.19 Hyperdiploid 61.7 35.1 32 IE
4 LG 1.18 Hyperdiploid 55.5 39.8 47 IIE
5 HG 1.16 Hyperdiploid 721 21.2 6.7 IE
6 HG 1.12 Hyperdiploid 59.2 30.4 10.4 IE
7 LG 1 Diploid 94.5 4.6 1 IIE
8 LG 1 Diploid 94.3 3.7 2 IIE
9 HG 1 Diploid 63 26.8 10.2 IIE
10 LG 1 Diploid 95.6 2.6 1.8 IIE
11 LG 1 Diploid 94.4 3.9 1.7 IIE
12 LG 1 Diploid 80 17 3 IIE
13 HG 1 Diploid 73.8 25.1 1.1 IIE
14 HG 1 Diploid 86.3 8.8 49 IIE
15 LG 1 Diploid 84.3 10.8 4.9 IIE
16 * 1 Diploid 81 13.6 5.3 IIE
17 HG 1 Diploid 86.3 8.5 52 IIE
18 HG 1 Diploid 57.4 33.8 8.8 IIE
19 LG 1 Diploid 92.5 6.4 1.1 IIE
20 HG 1 Diploid 88.5 5.6 5.9 IIE
21 HG 1 Diploid 92.5 6.5 0.9 IE
22 HG 1 Diploid 75.4 18.2 6.4 IE
23 LG 1 Diploid 95.6 2.7 1.7 IE
24 LG 1 Diploid 71.4 24.5 4.2 IE
25 LG 1 Diploid 94.6 2.9 2.5 IE
26 HG 1 Diploid 75.9 19.2 49 IE
27 LG 1 Diploid 93.2 5 1.8 IE
28 LG 1 Diploid 96.6 1.1 2.2 IE
29 LG 1 Diploid 96.9 1.9 1.2 IE
30 LG 1 Diploid 91.4 4.6 4 IE
31 LG 1 Diploid 88.7 8.5 2.8 IE
32 LG 1 Diploid 96.6 1.8 1.5 IE
33 HG 1 Diploid 81.5 15.6 2.9 IE
34 LG 1 Diploid 87 9.9 3.1 IE
35 LG 1 Diploid 87.5 9.1 3.5 IE
36 HG 1 Diploid 60.7 31.4 7.8 IE
37 LG 1 Diploid 89.7 8.8 1.5 IE
38 LG 1 Diploid 91.2 6.7 2.1 IE
39 LG 1 Diploid 92.9 5.3 1.8 IE
40 * 1 Diploid 87.7 10.4 2 IE
41 LG 1 Diploid 96.7 2 1.3 IE
42 T 1 Diploid 82.5 12.9 4.7 IE
43 LG 1 Diploid 95.2 33 1.5 IE
44 LG 1 Diploid 95.5 1.8 2.7 IE
45 LG 1 Diploid 92.7 2.1 5.2 IE
46 HG 1 Diploid 86.1 10.5 34 IE

HG: high-grade B lymphoma; LG: low-grade B lymphoma; T: T lymphoma; *: not assessable.

REvV Esp ENFERM DIG 2006; 98(11): 817-827
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Table Il. Statistical analysis: influence on postoperative survival probability. Univariate analysis

Factor Patients 5-year survivors 5-year survival p
Overall 46 19 90.5 (73.3 96.8) -

Ann Arbor stage e 30 11 100 0.009
Il 16 8 70.7 (33.7 89.5)

Helicobacter pylori No 17 7 81.8(44.7 95.1) 0.269
Yes 28 11 95.2 (70.7 99.3)

Resection margin Free 36 14 92.1(71.9 98.0) 0.507
Involved 10 5 83.3(27.397.5)

Isaacson’s type Low-grade 28 14 94.7 (68.1 99.2) 0.499
High-grade 15 5 88.9 (43.398.4)

Wall invasion Partial 25 11 100 0.107
Total 18 6 83.9(49.495.7)

Clonal category Diploid 40 15 96.3 (76.5 99.5) 0.009
Hyperdiploid 6 4 60.0 (12.6 88.2)

Extent of gastrectomy Partial 36 16 88.7 (69.0 96.2) 0.446
Total 10 3 100

S-phase fraction <12 26 12 100 0.044
> 12 20 7 78.6 (47.392.5)

G2/M phase fraction <4 27 12 100 0.023
>4 19 7 75.5(41.691.4)

higher PSP- and FC parameters: diploid tumors had
higher PSP than aneuploid ones (Fig. 1) and tumors hav-
ing S-phase or G2-M phase values under the mean values
had higher PSP. No influence on PSP was found for wall
invasion, Helicobacter pylori infection, Isaacson’s histo-
logic type or resection margin involvement.

Survival functions
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Fig. 1.- Postoperative survival probability according to DNA ploidy pat-
tern.

Probabilidad de supervivencia postoperatoria segun el patrén de ploi-
dia tumoral.

On the other hand, although hyperdiploid tumors were
commoner in the HG group (20%) than in the LG group
(10.7%) no significant relationship was appreciated be-
tween histologic type and DNA ploidy patterns (Chi* =
0.7, 1df, p = 0.3). However, some differences were found
between HG and LG tumors: HG tumors showed lower
GO0/G1 phase cell percentage (Chi* = 10.2, 1df, p =
0.001), higher S-phase cell percentage (Chi* = 10.2, 1df,
p = 0.001) and higher G2-M phase cell percentage (Chi*
=11.0, 1df, p =0.001).

Significant differences between ploidy patterns were
not found according to tumor stage (Chi* = 0.06, 1 df, p =
0.9) or wall invasion (Chi* = 1.2, 1 df, p = 0.27). Al-
though Helicobacter pylori was commoner in diploid tu-
mors (67%) than in hyperdiploid tumors (33%), the dif-
ferences were not significant (Chi* = 2.5, 1df, p =0.1).

Of note, patients having border involvement with no
evidence of any other residual tumor did not show a
poorer PSP than tumor-free border. Among them there
were not significant differences in stage II, frequency,
HG tumor proportion, clonal category or patients receiv-
ing postoperative chemotherapy. It is remarkable that all
patients with involved margin but one are alive, although
one had a pulmonary relapse after 20 months.

DISCUSSION

The prognostic information provided from tumor sam-
ples is important because it can help in defining the thera-

REV Esp ENFERM DiG 2006; 98(11): 817-827
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peutic strategy. This is especially relevant dealing with
stomach lymphoma since there are several therapeutic
options: Helicobacter pylori eradication, chemotherapy,
surgery or combination of several of them. FC is one of
the techniques that could provide such prognostic infor-
mation and our results support such a hypothesis: aneu-
ploid tumors had a significantly lower long-term survival
than diploid tumors; also, higher values of S-phase frac-
tion and G2-M fraction are associated with a significantly
lower long-term survival. We recognize this study has
several limitations as the relatively small numbers, the
retrospective nature and the fact that some cases were
treated long time ago and with different therapeutic
strategies. However, this work provides significant infor-
mation to the assessment of the FC prognostic value in
gastric lymphoma, because the existing reports are con-
flicting. In addition, no much information is to be expect-
ed from future studies since most of stomach lymphomas
will not longer be operated on because the current con-
servative approach. Another possible limitation of this
study could be the fact that samples were not fresh but
paraffin-embedded. This concerns one author since the
material is poorer in his experience (13). A good agree-
ment has, however, been found between FC performed
with cells prepared either with fresh samples or those
paraffin-embedded (32). Also the small number of tumor-
related deaths, which precluded multivariable analysis, as
was previously explained in methods, could be a limita-
tion.

Controversy exists concerning FC parameters prog-
nostic value in lymphoma in general. It appears there is
not enough evidence to show any independent prognostic
value of aneuploidy according to Braylan’s review (13),
although other later works found significant influence
(14,15). S-phase prognostic value has also been reported
an.

The studies concerning FC in gastric lymphoma are
scanty and involve small numbers: under 30 patients in
all but the work by Aydin et al. (20) with 78. In some of
them the only finding is S-phase prognostic value only in
univariate but not in the multivariate analysis (11,20).
Joensuu et al. (18) found aneuploidy as a negative prog-
nostic value but only in univariate analysis. The study by
Bronzo et al. (12) only includes 4 cases of gastric lym-
phoma and thus conclusions cannot be drawn. The study
by Okuda and Suzuki (19) is the only one which shows
aneuploidy prognostic value confirmed by multivariate
analysis, although only 24 gastric lymphomas are studied
and they are not separated from lymphomas of other lo-
cations.

Concerning non-FC tumor features, we have not found
any prognostic value for wall invasion nor histologic type
by contrast with other works (7,9,10) and even our previ-
ous analysis (6). The latter could be due to a longer fol-
low-up and the inclusion of new patients. We only found
prognostic value for the Ann Arbor classification. The
lower proportion of GO/G1 cells and higher of S-phase
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cells in HG tumors means only a higher cell proliferation.
As we published before (22), the lack of influence on
prognosis of tumor margin involvement despite most of
those patients not having received any additive treatment
is surprising since higher long-term survival associated to
excision with no residual tumor has been reported
(9,10,33).

The discussion about the best treatment of gastric lym-
phoma —surgery versus chemotherapy— to reach this ob-
jective is out of the scope of this work. From our current
point of view, most of the cases would be treated by non-
surgical methods.

The finding of Helicobacter pylori in our cases is in
the 62-96% reported range in LG tumors and 52-79% in
HG tumors (4), which is one of the chief arguments in
favour of its etiopathogenic relationship with MALT
lymphoma.

In conclusion, we have found prognostic value for FC
parameters. If these could be precisely assessed in endo-
scopic gastric biopsies, they could probably help in defin-
ing the therapeutic strategy of gastric lymphomas.
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