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Medical consequences of many nuclear accidents on humans are well studied, but the results per- 
taining to gastric cancer patients who were exposed to radiation as a result of the Chernobyl nuclear 
accident have not been analysed. In this study, the outcome of the surgical treatment of 68 gastric 
cancer patients who were exposed to radiation as a result of the Chernobyl nuclear accident was 
compared with that Iof 117 consecutive gastric cancer patients from uncontaminated areas of the 
Ukraine. Patients in the study group was significantly younger than that of the control group. Com- 
parative analysis showed the same frequency of regional metastases (65.7% versus 71.1%, P > O.OS), 
but a smaller number of distant metastases (23.8% versus 3&l%, P C 0.05) in the study group. 41.2% 
of patients in the study group underwent total gastrectomy compared to 19.6% of patients in the 
control group (P = 0.002). Postoperative complications developed in 13.2% of patients in the study 
group, while postoperative mortality in the study group was 7.3% compared to 1.7% in the control 
group. A significant dlecrease in CD16 cells was noted in patients from the study group following the 
operative procedure. Young age, invasive tumours with smaller number of distant metastases, fre- 
quent necessity for Q&al gastrectomy and combined operations with adjacent organs, a higher level 
of postoperative morlbidity and mortality and low levels of natural killer cells (CD16+) with a ten- 
dency to decrease after surgery are characteristic of patients with carcinoma of the stomach affected 
by the Chernobyl accident. 0 1997 Elsevier Science Ltd. 
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INTRODUCTION [5]. The accident that occurred at the Chernobyl Nuclear 
MEDICAL CONSEQUENCES of major nuclear accidents on Power Plant on April, 1986 had severe consequences, 

humans are relatively well studied and widely known. A namely radioactive contamination of a significant land area 

comprehensive programme of medical follow-up of atomic and exposure of the population to measurable levels of 

bomb survivors in Japan has produced a quantitative analy- radioactive fallout [6, 71. On average, 17 million people, 2.5 

sis of cancer risk from exposure to ionising radiation [14]. 
million of these younger than 5 years of age, were exposed 

The National Research Council report on Mortality of 
to some degree of radioactive contamination [8]. Currently, 

Nuclear Weapons Test Participants showed a 62% higher 
it is not clear what proportion of the 17 million people con- 
taminated by Chernobyl developed gastric cancer. These 

rate of cancer among soldiers involved in nuclear weapons numbers are currently not available. Approximately 90000 
testing who had exposures to fallout of 300 mrem or more citizens of the Ukraine were evacuated due to the heavy 

contamination of the environment and the average effective 

Correspondence to I.B. Shchepotin. dose was retrospectively estimated to be 15 msv, although 

Received 6 Nov. 1996; revised 10 Mar. 1997; accepted 11 Mar. individual values vary in an extremely wide range from 0.1 
1997. to 383 mSv [9]. 
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Approximately 800 000 so-called liquidators who were 
involved in the clean-up operation were each exposed to 

radiation for an average of 2 months, often without proper 
safety equipment and dosimetry badges [lo]. Given the 
long latency period for cancer induction exposure [ 111, it is 

still too early to fully assess the health risks of the exposed 
population and draw conclusions about pathogenesis and 
clinical peculiarities of radiation-related cancers [IO]. 

However, beginning in 1989-1990, a definite increase in 
the incidence of thyroid cancer in childhood reported in the 
Ukraine [12] and the Republic of Belarus [ 131 was con- 

sidered to be a direct consequence of the accident at 
Chernobyl. Another earlier report from the same institution, 

had concluded that even in the most highly contaminated 

areas of the Ukraine, no significant increase in malignancies, 
including thyroid cancer in childhood, occurred between 

1986 and 1991 as a result of the Chernobyl accident [ 141. 
A substantial increase was predicted over the next 50 years 

in the exposed population by other authors [ 151, However, 
an International Atomic Energy Agency study showed that 
levels of environmental fallout contamination were insignifi- 
cant [16] and no health disorders that could be attributed 
to the radiation exposure were identified among residents 

living within contaminated villages [17]. Despite the fact 
that no notable increase in the incidence of other malignan- 
cies has been reported, we believe that analysis of the conse- 
quences of Chernobyl, including continued medical follow- 
up along with clinical and epidemiological studies, is im- 
portant [lo] to prepare for any comparable events in the 

future [18]. 
No attempt has been made to identify a cause and effect 

relationship between the radiation exposure and gastric can- 
cer. The Chernobyl accident released a lower dose of radi- 
ation over a longer period of time in contrast to any other 
nuclear accidents. As yet, researchers have not reached any 
conclusions about the impact of long-term, low-dose radi- 
ation on the risk of gastric cancer. To prove gastric cancer 
is related to radiation in observed patients, an extensive epi- 
demiological study would be required. Instead, we tried to 
identify any differences in patients who developed gastric 

cancer and were previously exposed to radiation as a result 
of the Chernobyl accident. Comparative analysis of gastric 

cancer patients with an estimated radiation dose obtained as 
a result of the Chernobyl accident and in unexposed 
patients from uncontaminated regions of the country was 

performed to determine clinical differences. Specific changes 
in the immune system before and after surgery, which 

would be helpful in the understanding of the biology of the 
turnours, were also studied. 

PATIENTS AND METHODS 
Patient population 

From January 1987 to January 1992, 68 patients with car- 

cinoma of the stomach who were involved in the clean-up 
of the territory of the Chernobyl nuclear power station after 
the accident in April, 1986 or who inhabited contaminated 

zones were entered into this study. One hundred and seven- 
teen consecutive gastric cancer patients from January 1987 
to January 1992 who inhabited uncontaminated territories of 
the Ukraine and who were not involved in the Chernobyl 
accident clean-up were also entered into the study as a con- 

trol group. All patients with gastric cancer were referred to 
the Department of Abdominal Tumours of the Ukrainian 
Institute of Oncology and Radiology at Kiev. There are 45 
regional cancer centres in the Ukraine. Each centre receives 

referrals from the local clinics and hospitals within the geo- 
graphical region of the Ukraine. Under the authority of the 
Ministry of Health, the Institute of Oncology is the leading 

Ukrainian organisation in charge of oncological research, 
developing protocols and techniques, training professionals, 
and the implementation of new methods. The institute also 
serves as the referral hospital for complicated and/or unusual 
cases of cancer. This institute receives referrals from 45 re- 
gional cancer centres throughout the Ukraine. In determin- 
ing which patient in the Ukraine who develops gastric cancer 
goes to which cancer institute is purely based on geography. 

Distribution of the patients by age and sex is shown in 

the Table 1. The study and control groups are from such 
extremely close geographic vicinities that the chance of an 
inherent difference in gastric cancer incidence is unlikely as 
was previously published [ 191. All patients, including those 
in the study and control groups, underwent oesophagogas- 
troduodenoscopy. The indications were the same for all 
patients admitted to the institute. No patients with multiple 
tumours were found despite a fairly aggressive clinical exam- 
ination. Gastro-oesophageal junction cancers and distal 
oesophageal cancers were not included in this study. The 
study group included 18 ‘liquidators’ (26%), workers who 
were involved in the clean-up of the contaminated territory 

on a contractual basis and 50 (74%) inhabitants of the con- 
trolled areas contaminated by the Chernobyl accident. Total 
doses obtained by ‘liquidators’ were not provided. Since 

many of the individuals involved in the clear-up were not 
directly monitored with radiation badges, but rather were 
given calculated doses, the accuracy of these estimates has 

been questioned [lo]. Thirty-six patients were living on the 
territory with a level of 137Cs contamination of 5-15 Ci/km’ 

and 14 patients resided in the territory with a level of 137Cs 
of 1-5 C&r?. Patient distribution according to T, N, M 

Table 1. Distribution of the patients based on age and sex 

Age (yea=) Men (n = 44) 
Study group 

Women (n = 24) Total (n = 68) Men (n = 66) 
Control group 

Women (n = 51) Total (n = f 17) 

16-20 - 1 (4.2%) 1 (1.5%) - - - 
21-30 1 (2.2%) _ 1 (1.5%) _ _ - 

31-40 4 (9.0%) 3 (12.5%) 7 (10.3%) 1 (1.5%) 3 (5.9%) 4 (3.4%) 

41-50 10 (22.7%) 3 (12.5%) 13 (19.1%) 6 (9.0%) 6 (11.8%) 12 (10.3%) 

51-60 10 (22.7%) 8 (33.3%) 18 (26.5%) 28 (42.4%) 10 (19.6%) 38 (32.5%) 

61-70 18 (40.9%) 7 (29.3%) 25 (36.8%) 24 (36.4%) 26 (50.9%) 50 (42.7%) 

71-80 1 (2.2%) 2 (8.3%) 3 (4.4%) 7 (10.6%) 6 (11.8%) 13 (11.1%) 



Gastric Cancer After Chernobyl Nuclear Accident 1415 

Table 2. Distribution of the patients based on T, N, M, criteria 

PAM 

P Tz>No>Mo 
P Tz>Nl>M, 
P T3,No& 
P T~,No.MI 
P T~>NI,Mo 
P T,>N&a 
P T&&l 
P T3>N&o 
P TJhM1 
P TI>No>Mo 
P T4,No& 
P TQ>N&o 
P TI>NIX 
P T4&>Mo 
P T~>Nz>M~ 
P T&&MO 
P T4>N&& 
P T,,N&L 

Total 

Study Group 

4 (5.9%) 
1 (1.5%) 

12 (17.6%) 
1 (1.5%) 
3 (4.4%) 
9 (13.2%) 

_ 

1 (1.5%) 
1 (1.5%) 
6 (8.8%) 

- 

2 (2.9%) 
3 (4.4%) 
9 (13.2%) 
8 (11.8%) 
4 (5.9%) 
3 (4.4%) 
1 (1.5%) 

68 (100%) 

Control Group 

6 (5.1%) 
_ 

11 (9.4%) 
2 (1.7%) 
5 (4.2%) 
9 (7.7%) 
2 (1.7%) 

- 

2 (1.7%) 
7 (6.0%) 
2 (1.7%) 

10 (8.5%) 
5 (4.2%) 
7 (6.0%) 

12 (10.3%) 
5 (4.2%) 

12 (10.3%) 
20 (17.1%) 

117 (100%) 

classification is shown in Table 2. No significant difference 
in the histological type of tumours in the study and control 
groups was noted. 

Flow cytometry 
The following monoclonal antibodies were used in the 

study: anit-Leu-12 (CDl!,), anti-Leu-4 (CD3), anti-Leu-3a 
(CD4), anti-Leu-2 (CD8:), anti-Leu-1 lc (CD16) and anti- 

interleukin-2 receptor (CD25). Antibodies were obtained 
from Becton Dickinson (S’an Jose, California, U.S.A.). 

Monoclonal antibodies labelled with fluorescein isothiocy- 
nate (FITS) were used for direct immunofluorescence. A 
suspension of Staphylococus aureus labelled with FITS was 
used for detection of phagocyte activity. Preliminary incu- 
bation of peripheral blood samples with phytohaemaggluti- 
nin (Difco, U.S.A.) at 37°C for 16 h was followed by two 
washings and used for CD15+ cell detection. Peripheral 
blood samples were incubated with monoclonal antibodies 
at 4°C for 30 min followed by a standard lysis procedure 
with FACS Lysing Solution (Becton Dickinson 
Immunocytometry Systems) and two subsequent washings. 

Peripheral blood and Staphylococcus aureus were incubated 
at 37°C for 30 min, the phagocytosis reaction was then 
stopped and washed twice. Cell fluorescence was analysed 

on a FACScan flow cyrometer (Becton Dickinson). An 
argon laser power of 15 mW at 488 nm was used for exci- 
tation; FITS fluorescence was measured at 520-540 nm, 
with 5 x IO4 cells measured in each analysis. The data were 
analysed with FACScan research software. 

Statistical analysis was done using Pearson’s chi-square 
test to compare proportions, the trend test to test for a lin- 
ear trend in a 2 x K table with ordered columns, and t-test 
to compare quantitative variables. All tests were based on 
the extract, finite sample rail probability. All tests were two- 
sided and P values less than 0.05 were considered statisti- 
cally significant. 

RESULTS 
Comparative analysis of the two groups of patients 

showed a similar gender distribution. Men were slightly 

over-represented in the study group, but this difference was 

not significant (P= 0.28). This difference was explained by 
the exclusive involvement of men in the clean-up of the ter- 

ritory surrounding the nuclear reactor. In the study group, 
32.3% of patients were between 16 and 50 years of age, 
while in the control group there were only 13.7% in that 

age group (Table 1, P= 0.002). Among patients from the 
study group, 13.2% were below the age of 41 years com- 

pared to 3.4% of those in the control group. Among gastric 
cancer patients who were living in the contaminated areas, 
the majority resided in more heavily contaminated zones. 

Comparative analysis of T, N, M indices in both groups 
showed the same frequency of regional metastases (65.7% 
versus 71.1%, P > O.OS), but a smaller number of distant 
metastases (23.8% versus 38.1%, P< 0.05) in the study 
group compared to the control group (Table 2). 

All the presented data were collected in one institution 
where only one surgical philosophy existed regarding operat- 

ive management of gastric cancer. The resectability level in 
the study group was 73.5% (50/68) in comparison with 

46% (54/117) in the control group (Table 3, P= 0.0004). 
Total gastrectomies were performed in 63.6% of cases who 
had received radical surgery treatment in the study group 
and in 47.9% in the control group (PC 0.05). A greater 
number of total gastrectomies was performed in the study 
group in comparison with control (41.2% versus 19.6%, 
P= 0.002), while the same number of subtotal gastrec- 
tomies was done in both groups (23.5% versus 21.4%, 
P = 0.85). This was the lower result of a lower prevalence of 
tumours in middle and proximal locations in the study 
group (57.4%/control versus 44.4%/study, PC 0.05). A 
greater number of combined total gastrectomies with adja- 

cent organs was noted in the study group when compared 
to control (50% versus 34.8%, PC 0.05) as well as the 
number of combined gastrectomies (31.3% versus 12%, 
P c 0.05). It was a result of a deeper level of invasion of the 
tumours into the adjacent organs which required resection 
in the majority of cases. 

A higher level of postoperative morbidity and mortality 

was seen in the study group compared with the controls 
(P = 0.0 1). Postoperative complications developed in 13.2% 
of patients in the study group and 5.9% of the control 
group. Postoperative mortality in the study group was 7.3% 
compared to 1.7% in control group (Table 4). Four patients 

(14.3%) died after total gastrectomy and 1 (6.3%) after 
subtotal gastrectomy in the study group. Two patients (8.7%) 
died after total gastrectomy in the control group, while no 

Table 3. Distribution of the patients based on type of surgery 

Type of surgery 

Total gastrectomies: 
Standard 
With adjacent organs 

Subtotal gastrectomies 
Standard 
With adjacent organs 

Palliative total gastrectomies 
Palliative subtotal gastrectomies 
Bypass surgery 
Exploration 

Total 

Study group Control group 

28 (41.2%) 23 (19.6%) 
14 (50.0%) 15 (65.2%) 
14 (50.0%) 8 (34.8%) 
16 (23.5%) 25 (21.4%) 
11 (68.7%) 22 (88.0%) 

5 (31.3%) 3 (12.0%) 
2 (3.0%) 2 (1.7%) 
4 (5.9%) 4 (3.4%) 

10 (14.7%) 31 (26.5%) 
8 (11.8%) 32 (27.4%) 

68 (100%) 117 (117%) 
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deaths occurred after subtotal gastrectomy in the control 

group (Table 4). 

Immunological status including lymphocytic subpopu- 

lations CD3 + , CD19+, CD4+, CD8+, CD16+, 

CD25 + and the percentage of phagocytic neutrophils was 

studied in both groups of gastric cancer patients before sur- 

gery, and at days 7 and 15 after surgery. This was compared 

with results from the study of healthy donors. In gastric 

cancer patients from the control group, no significant differ- 

ences in immune status was found in comparison with 

healthy donors (Table 5, P> 0.05). In gastric cancer 

patients from the study group, a significant decrease in the 

relative number of natural killer cells (CD1 6+) was noted in 

comparison to those from healthy donors- -8.4 + 4.2 versus 

15.9 f 2.3 (Table 5, PC 0.05). On day 7 after surgery, the 

number of natural killer cells in the study group was still 

low (7.2 f 3.9, PC 0.05) when compared with healthy 

donors and on day 15, this level had decreased (5.7 If: 3.4, 

PC 0.05). In patients from the control group, the level of 

CD25+ did not differ from that of healthy donors (Table 5, 

P> 0.05). In gastric cancer patients from the study group, 

the level of lymphocytes being interleukin-2 receptor 

(CD25+) was significantly lower than that of healthy 

donors, 11.0 f 4.5 versus 23.9 f 4.8, PC 0.05). After sur- 

Table 4. Postoperative morbidity and mortality 

Complications 

Study group Control group 
(n = 68) (n = 117) 

Number Died Number Died 

Intra-abdominal bleeding 
TG 1 0 1 0 
SG 0 0 0 0 

Subphrenic, subhepatic 
abscesses peritonitis 

TG 2 2 2 2 
SG 0 0 1 0 

Leakage of the oesophageal, 
gastric anastomoses 

TG 1 1 2 0 
SG 1 0 0 0 

Intestinal fistula 
TG 2 1 1 0 
SG 1 0 0 0 

Renal-hepatic failure 
TG 0 0 0 0 
SG 1 1 0 0 

Total (13?2%) (7.:,, 7 2 
(5.9%) (1.7%) 

TG 6 4 6 2 
SG 3 1 1 0 

TG, total gastrectomy; SG, subtotal gastrectomy 

Table 5. Lymphocytic subpopulations and percentage of phagocytic neutrophils in gastric cancer patients before, after 7 and 15 days 
after surgery 

Parameters 

Groups of patients 
Study group Control group Healthy donors 

N Mean k S.D. N Mean f S.D. N Mean k S.D. 

CD3+, % 
Pre-operative 
POD 7 
POD 15 

CD19+,% 
Pre-operative 
POD 7 
POD 15 

CD4+,% 
Pre-operative 
POD 7 
POD 15 

CD8+,% 
Pre-operative 
POD 7 
POD 15 

CD16+,% 
Pre-operative 
POD 7 
POD 15 

CD25+,% 
Pre-operative 
POD 7 
POD 15 

13 
11 
9 

71.4 k 1.6* 14 
67.3 + 9.4 15 
68.3 k 9.8 12 

61.7 + 9.0 13 71.3k4.8 
61.2 k 10.5 13 N/A 
62.6 + 8.3 13 N/A 

13 
11 
9 

11.1 +4.2 14 

11.7 + 3.9 15 
9.6 + 4.3 12 

15.5 f 2.2 13 13.5 k 3.2 

ll.Bk3.7 13 N/A 

10.3 If: 6.4 13 N/A 

13 
11 
9 

39.3 k 8.8 14 
41.9 * 8.4 15 
43.3 f 9.3 12 

42.6 k 8.0 13 41.8 & 4.0 
46.6 + 10.3 13 N/A 
49.1 * 1.5 13 N/A 

13 
11 
9 

36.1 k 13.3 14 
30.4 k 11.8 15 
33.0 + 13.6 12 

31.5 ri: 10.1 13 33.4 + 4.5 
28.4 k 10.3 13 N/A 
25.4 + 8.0 13 N/A 

13 
11 
9 

8.4 + 4.2 14 
7.2 & 3.9* 15 
5.7 * 3.4* 12 

10.7 + 6.2 13 15.9 k 2.3 
10.7 & 4.4 13 N/A 
10.9 * 6.8 13 N/A 

12 
11 
9 

11.0 + 4.5* 12 
15.4 f 6.2 14 
18.2 f 6.8 12 

15.0 k 6.9 13 23.9 f 4.8 
17.2 f 6.8 13 N/A 
17.5 f 4.3 13 N/A 

Phagocytic neutrophils, % 
Pre-operative 13 
POD 7 11 
POD 15 9 

78.0 + 15.2 14 
81.6 * 13.7 15 
81.6 + 13.7 12 

74.7 * 12.1 13 94.3 * 1.3 
80.7 + 9.0 13 NIA 
80.7 _I 9.0 13 NIA 

POD 7, 7 days after surgery; POD 15, 15 days after surgery. 
*P < 0.05 (study group versus healthy donors) 
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gery, the level of CD25+ normalised in this group of gastric 
cancer patients (Table 5, .P > 0.05). 

Before surgery, gastric cancer patients from the control 
group showed a significantly lower level of phagocytic neu- 
trophils when compared t’o healthy donors (74.7 f 12.1 ver- 
sus 94.3 f 7.3, Table 5, P< 0.05), whilst the percentage of 
phagocytic neutrophils in the study group did not signifi- 
cantly differ from that of healthy donors (78.0 + 15.2 versus 
94.3 f 7.3, Table 5, P> 0.05). After surgery, the number of 
phagocytic neutrophils was normal in all arms of the study 
(Table 5, P > 0.05). 

DISCUSSION 
Currently, there are no reports in the literature pertaining 

to the treatment of gastric cancer in patients previously 
exposed to radiation as a result of nuclear accidents. A 
recent publication revealed no difference in the clinical 
symptoms of gastric cancer in theses patients, but found 
that the impairment of erythrocytic membrane function 
required correction [20]. Our preliminary data showed that 
there was a significantly larger number of young patients in 
the group of patients who received different doses of radi- 
ation as a result of the Chernobyl accident in comparison 
with the control group and with our previously published 
data regarding gastric cancer patients [21, 221. As shown in 
other studies [ 181, we found that the highest incidence 
appeared to be in patients who were living in more contami- 
nated areas. 

As a result of a comparison of T, N, M indices and sur- 
gery, one may conclude that patients who were exposed to 
radiation after the Chernobyl accident were prone to have 
invasive tumours with srnaller numbers of distant metas- 
tases. A significantly higher percentage of postoperative 
complications and level of postoperative mortality was 
noticed in the study group when compared with the control 
group and with our previously published results of gastric 
cancer management [21, 221. This could be the result of a 
larger number of total gastrectomies and combined oper- 
ations with adjacent organs or a consequence of immune 
system depression in patients exposed to radiation. 

The causative factors for a large number of invasive 
tumours along with a smaller number of metastases in 
patients exposed to radiation as a result of the Chernobyl 
accident were not well defined. Previous analysis of other 
heavily exposed sites such as Hiroshima and Nagasaki [l- 
41, or the radiation test fields in the United States [5] offer 
no clear explanations rel,ated to alterations in the clinical 
manifestations of solid epithelial turnours. One may specu- 
late that the inhibition of CD16+ cells may be a marker for 
immunological deficiency and may lead to more locally 
invasive tumours. Of course, this speculation does not 
explain the existence of fewer distant metastases. Additional 
studies will be necessary to attempt to elucidate these two 
intriguing questions. 

Four decades after the explosion in Hiroshima, a uniform 
decrease in CD5+, CD4+ and CD8+ cell numbers and 
their functions has been :shown [23]. During the first year 
after the Chernobyl accident, patients who developed acute 
radiation sickness had a decreased number of T cells [24], 
but persons who were engaged in clean-up operations (liqui- 
dators) had normal or slightly increased levels of T cells in 
their blood [25]. After five years, the total T cell number, 
cell thymic activity and cl]-thymosin concentration were 

decreased in all affected persons and it was speculated that 
radiation alters the function of thymic epithelial cells by 
direct action and/or through indirect mechanisms, causing 
immune system ageing [26, 271. In our study, there was 
no significant difference in lymphocytic subpopulations 
CD3 +, CD4 + , CD19+ and CD8+ between healthy 
donors or gastric cancer patients from both study and con- 
trol groups. A lower number of natural killer cells (CD16+) 
before surgery was very characteristic of gastric cancer 
patients who were exposed to radiation as a result of the 
Chernobyl accident. Due to the fact that CD16+ counts in 
gastric cancer patients from uncontaminated areas of the 
country did not differ from that of healthy donors, we 
speculated that natural killer cell status could play a signifi- 
cant role in gastric cancer pathogenesis of the affected per- 
sons and could have an impact on short- and long-term 
prognosis of the disease. Prevention of natural killer cell de- 
ficiency may play an important role in gastric cancer man- 
agement. Changes in the CD25+ subpopulation and in 
phagocytic neutrophils count do not appear to be character- 
istic for gastric cancer in patients who were exposed to radi- 
ation after the Chernobyl accident. 

In conclusion, we believe that young age, invasive 
tumours with a smaller number of distant metastases, fie- 
quent necessity for total gastrectomies and combined oper- 
ations with adjacent organs, a higher level of postoperative 
morbidity and mortality, and low levels of natural killer cells 
(CD16+) are characteristic of patients with carcinoma of 
the stomach affected by the Chernobyl accident. We suggest 
that these results can be used for determining follow-up 
strategies for the population affected by Chernobyl or by 
any comparable event and can be helpful in the manage- 
ment of disease in these patients. 
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