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ABSTRACT

PURPOSE: Tumor markers are substances found in blood and other biological fluids if tumor is present in the body. They can be
produced by tumor itself or can be results of cancer — body relation. They may be used in the follow-up of cancer patients to identify
tumor recurrence. Pre-treatment levels have prognostic tool and could signalize persistence of minimal residual disease despite radical
surgery.

METHODS: We operated on 52 patients with upper GI malignancy (32 with gastric cancer and 20 with pancreatic cancer). Blood
samples were taken before surgery and peritoneal samples immediately after laparotomy before any manipulation with tumor. All
samples were examined by standard biochemical technique and the level was compared with a stage of the disease.

RESULTS: Patients suffering from gastric carcinoma of stage I and II had higher level of both markers in sera then in the peritoneal
cavity, however most of them were within physiological range. Patients in stage III and IV had average marker levels in the peritoneal
cavity higher than in sera. Number of positive findings was increasing according to the stage of the disease. The peritoneal levels of both
markers varied extremely in higher stages. In patients suffering from pancreatic carcinoma the CEA levels both in sera and peritoneal
cavity were parallel but peritoneal levels were slightly higher in stages III and IV. Ca 19 — 9 was more sensitive for pancreatic cancer.
The percentage of positive findings was higher in sera but the level of Ca 19 — 9 was higher in the peritoneal cavity. The number of
positive findings again correlated with the stage of the disease.

CONCLUSIONS: Levels of tumor markers in sera could signalize inoperability of tumor (Ca 19 — 9 in cases of pancreatic carcinoma);
peritoneal levels could predict R1 resection especially in gastric cancer patients and risk of early peritoneal recurrence of the disease.
Difference between the levels in the peritoneum and sera may signalize the route of dissemination (hematogenous and intraperitoneal).
Key words: Stomach Neoplasms. Pancreatic Neoplasms. Tumor Markers, Biological. Neoplasm, Residual.

RESUMO

OBJETIVO: Os marcadores tumorais sdo substancias encontradas no sangue e outros fluidos bioldgicos em pacientes com doengas
oncolégicas. Sdo produzidos pelo proprio tumor ou ser resultado da interagdo entre o tumor e o organismo. Podem ser usados no
seguimento de pacientes com cancer para identificar recidiva tumoral. Os niveis pré-tratamento tém valor prognostico e podem sinalizar
persisténcia de doenga residual minima apds cirurgia radical..

METODOS: Foram operados 52 pacientes com tumores do trato gastroinstestinal superior (32 com cancer do estomago e 20 do
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pancreas). Amostras sanguineas foram colhidas no préoperatorio e amostras peritoneais imediatamente apos a laparotomia, antes de
qualquer manipulagdo do tumor. Todas as amostras foram examinadas bioquimicamente e os resultados foram comparados entre si e em
face ao progresso da doenca.

RESULTADOS: Os pacientes com cancer de estdmago nos estadios I e II apresentaram niveis sanguineos mais elevados de ambos os
marcadores tumorais do que no peritonio, mas a maioria dos valores encontrava-se dentro dos limites fisiologicos. Ja nos estadios III
e IV os niveis dos marcadores tumorais foram mais elevados no peritonio do que no sangue. O niimero de exames positivos aumentou
de acordo com o estadio da doenca. Nos estadios avangados, observou-se elevada variabilidade nos niveis de ambos os marcadores
analisados no peritonio. Os doentes com carcinoma de pancreas tiveram niveis de CEA semelhantes no sangue e no peritonio, mas os
niveis peritoneais foram ligeiramente mais elevados nos estadios III e I'V. Ca 19 — 9 foi muito mais sensivel para o cancer do pancreas. A
porcentagem de exames positivos foi mais elevada no sangue, mas o niveis do Cal9-9 foram mais elevados no peritdonio.A porcentagem
de exames positivos também teve correlacdo com o estadio da doenga.

CONCLUSOES: Os niveis de marcadores tumorais no sangue podem indicar inoperabilidade do tumor. No peritonio podem indicar o

tipo de resseccdo, especialmente nos doentes com cancer gastrico, e o risco de recidiva peritoneal precoce. A diferenga entre os niveis

no peritonio e sangue podem sinalizar a via de disseminagdo, hematogénica ou intra-peritoneal.

Descritores: Neoplasias Gastricas. Neoplasias Pancreaticas. Marcadores Biologicos de Tumor. Neoplasia Residual.

Introduction

Gastric cancer is the fourth abundant malignancy
worldwide. Even when surgical resection is possible, the long-
term survival is observed only in minority of patients with an
overall five-year survival less than 30%'2.

The most important prognostic factor influencing
survival of patients with stomach cancer is the extent of disease as
assessed by tumor stage.

The incidence of pancreatic cancer rises®. Pancreatic
ductal adenocarcinoma is the fourth leading cause of cancer death
in men and women in the USA and has the lowest survival rate for
any solid cancer. Similar mortality figures are reported in the UK,
with only 2-3 % of patients surviving 5 years after a diagnosis of
pancreatic cancer. One important reason for this poor survival is
that only 10-15 % of patients are diagnosed with small, resectable
cancers*. However surgery is the only way to cure these tumors.

The aim of surgical treatment is RO resection. It means
that no tumor cells are left behind. Peritoneal lavage examination
is one option to establish RO resection. The importance of cytology
from the peritoneal lavage is well known especially in cases of
gastric tumors. The positive peritoneal lavage cytology shifts
the stage of the disease to stage IV according to classification
of Japanese Research Society for Gastric Cancer (JRSGC)'. The
American Joint Committee for Cancer (AJCC) uses the peritoneal
cytology in the same manner for pancreatic tumors™. TNM
classification does not use cytology. Intraperitoneal levels of
tumormarkers have similar prognostic value as peritoneal cytology.
The most frequently used marker is CEA. But there are fewer

reports focusing on this problem in comparison with the reports

on cytology. Peritoneal lavage biochemistry has better sensitivity
and specificity than cytology according to some authors’. Nearly
all data dealing with peritoneal biochemistry were recorded in
patients with gastric tumors.

A tumor marker has been defined, as a naturally occurring
molecule measured in serum or plasma, or in other body fluids
or tissue extracts, or in paraffin-embedded tissue to identify the
presence of cancer and to assess patient’s prognosis, or to monitor
a patient’s to therapy with the overall goal of improving the clinical
management of the patient response?. Tumor markers comprise
a wide spectrum of biomacromolecules synthesized in excess
concentration by a wide variety of neoplastic cells. The markers
could be endogenous products of highly active metabolic malignant
cells, or the products of newly switched on genes, which remained
unexpressed in early life, or newly acquired antigens at cellular
and sub-cellular levels. The appearance of tumor markers and their
concentration is related to the genesis and growth of malignant
tumors in patients®. These markers may be detected in exfoliated
or distributed cells, or as circulating agents within the peripheral
blood or plasma. Other surrogate biological specimens, typically
bodily fluids (e.g., urine, saliva, sputum, cerebrospinal fluid, or
effusions) may also carry tumor markers. Tumor markers are often

present in low concentrations in serum of healthy persons®.

Carcinoembryonic antigen

Carcinoembryonic antigen (CEA) first described in
1965 by Gold and Freedman is characterized as an oncofetal acid
glycoprotein of 200 KD. CEA is present in the periphery of tumor
cell membrane from where it is released into surrounding body

fluids. Probably it plays a role in cell adhesion and inhibition of
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apoptosis in physiologic state, so it is expressed in normal mucosal
cells and over-expressed in adenocarcinoma (colorectal, gastric,

pancreatic, breast, lung and others)10-13,

Cancer antigen 19-9

Ca 19 — 9 is an intracellular adhesion molecule. The
marker is 210 KD tumor associated glycoprotein antigen present
as carbohydrate determinant on glycolipid and glycoprotein. Since
the reference to antibody detection for Ca 19 — 9 published in 1979,
it has been found to be the most useful tumor marker for pancreatic
adenocarcinoma and gall bladder carcinoma too. Patients who are
negative for Lewis antigen (a—, b—) do not synthesize Ca 19 — 9,

and this constitutes 4 to 15 % of the population®!'-13,

Methods

We examined 52 patients with malignant disease (32 with
gastric cancer and 20 with pancreatic cancer). There were 19 men
and 11 women in group with gastric cancer and 12 men and eight
women in group with pancreatic cancer. The average age of the
patients in the group with gastric cancer was 67 years (range 37
— 87 years), in group with pancreatic cancer was 63 years (range
48 — 79 years) (Table 1).

TABLE 1 - Patients according the disease and stage.

Stage I II 1 v Total
C1le 5 4 8 15 32
Cc2s 2 4 2 12 20

Comparison of the levels of CEA and Ca 19 — 9 in
sera and peritoneal lavage in patients suffering from gastric
and pancreatic carcinoma was performed. Blood samples were
collected after diagnosis of the disease. Peritoneal samples were
taken immediately after laparotomy. When ascites was present, 20
ml were sent to biochemistry laboratory. In cases without ascites
the peritoneal cavity was lavaged with 100 ml saline solution and
the samples were collected 5 minutes later. Levels of the CEA and
Ca 19 — 9 were examined. Physiological range was the same for
peritoneal fluid and sera. CEA ranges were 0 —4, 6 pg/l, Ca 19 -9
levels were normal within 0 — 37 U/L.

Patients were stratified according to the stage of the
disease.
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Results

Tumor markers sensitivity and specificity (Tables 2 and
3)

Sensitivity and specificity for microscopic intraperitoneal
cancer dissemination were evaluated in group of patient without
confirmation of the malignant tumors and in patients with serosal
infiltration or serosal metastases (we expected 100% prevalence
of tumor cells in the peritoneal fluid in these patients and 100%
positivity of the tumor markers).

TABLE 2 - Tumor markers examination in group of

benign disease.

Benign disease (No)
CEA within normal ranges 5
CEA elevation 0
Cal9-9 within normal ranges 5
Cal9-9 elevation 0

TABLE 3 - Tumor markers in cases of peritoneal

dissemination.
Peritoneal infiltration
Local . Total
. Distant
(Gastric wall)
CEA within
21 9 30
normal ranges
CEA elevation 2 16 18
Cal9-9 within
18 10 28
normal ranges
Cal9-9
. 5 15 20
elevation

CEA sensitivity was 38% and Ca 19-9 42%, respectively.
Combination of both markers achieved 53% (we repeatedly
found elevation only ones of both markers). Specificity of the

biochemistry examination was 100%.

Gastric cancer

CEA levels in sera were within normal ranges in nearly
all patients in stages I and II (with only one exception in patients
with chronic kidney failure) and in nearly 70% of patients in
stage III and IV. When the elevation was present it was not any
extremely high value. Peritoneal levels of CEA were normal in
all cases of stages I and II. Patients in stage III displayed normal
CEA levels in about 65%. More positive finding in the peritoneal
cavity was in stage IV (9:6). The variance of the levels in stage IV
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was high (0 - 5500 ug/l) (Figure 1).
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FIGURE 1 - Gastric cancer — CEA levels in sera (S) and peritoneal cavity
(P) according to stage of the disease.

Ca 19 — 9 levels in sera and in peritoneum was nearly
the same as CEA in stage I and II — except for one patient the
levels were within the normal ranges. Elevation of sera Ca 19 — 9
in stage I1I occurred in 25 % and in stage IV in 50% of patients.
Peritoneal positivity was higher. 25% of patients in stage III and
nearly 70 % in stage IV were positive. Value of Ca 19 — 9 levels
varied extremely in stage IV (0 — 101 066 U/1) (Figure 2).
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FIGURE 2 - Gastric cancer — Ca 19 — 9 levels in sera (S) and peritoneal
cavity (P) according to stage of the disease.

The positivity of at least one tumor markers was

increasing according to the stage of the disease (Figure 3).
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FIGURE 3 - Gastric cancer — Elevation of the tumor markers according
to stage of the disease (S — serum, P — peritoneal cavity).

To sum-up, the percentage of negative findings of both
markers in sera and peritoneal cavity was decreasing according to
the stage of the disease. Positivity of both markers was increasing
reversely and Ca 19 — 9 was probably more sensitive than CEA
(Figure 4).
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FIGURE 4 - Gastric cancer — Summary of the results in sera (S) a
peritoneum (P) according to stage of the disease.

Pancreatic carcinoma

Patients with pancreatic carcinoma had normal levels of
CEA in stages I and II (except for one patient). Positivity in stage
III and IV is much higher. 20 % of patients had elevated levels of
CEA in sera and 43 % displayed elevation in the peritoneal cavity
(Figure 5).
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FIGURE 5 - Pancreatic cancer — CEA levels in sera (S) and peritoneal
cavity (P) according to stage of the disease.

Ca 19 — 9 was more sensitive in cases of pancreatic
cancer. Elevation in sera was found in 66 % of cases in stage I and
II and in the peritoneal cavity it was in 33%. In stages III and IV
the findings of Ca 19 — 9 were positive in 85% in sera and in 60%

in the peritoneal cavity (Figure 6).
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FIGURE 6 - Pancreatic cancer — Ca 19 — 9 levels in sera (S) and
peritoneal cavity (P) according to stage of the disease

Similarly as in gastric cancer patients, the positive finding
of at least one tumor marker is higher with the higher stage of the

disease (Figure 7).
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FIGURE 7 - Pancreatic cancer — Elevation of the tumor markers according
to stage of the disease (S — serum, P — peritoneal cavity).

In summary, physiological ranges of both markers were
less frequent than in cases of gastric carcinoma. Only 30% of
patients had negative finding in sera in stages I and II. Negativity of
both markers in higher stages was about 15%. The intraperitoneal
finding was similar, but there were more negative patients in stages
I'and II (Figure 8).
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FIGURE 8 - Pancreatic cancer — Summary of the results in sera (S) a
peritoneum (P) according to stage of the disease.

Discussion

There are few publications focusing on comparison of
levels of various tumor markers in sera and in peritoneal cavity. All
demonstrate that higher level of tumor markers is associated with
advanced disease, poor prognosis and early recurrence. In cases of
gastric cancer peritoneal recurrence is one of the most important
reasons of the treatment failure. Examination of peritoneal fluid
by cytology, biochemistry or RT PCR could predict this relapse
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of the disease. The cytological examination is widely used in
East Asian countries for diagnosis of microscopic peritoneal
dissemination which is undetectable by other diagnostic tools in
time of laparotomy or laparoscopy. Patients with positive cytology
are classified as advanced disease with distant metastasis. All
reports confirm worsening of the patient’s prognosis with positive
cytology despite various detection rates'*%,

Positive peritoneal cytology could predict the site
of recurrence. It is an independent prognostic factor of the
intraperitoneal dissemination (sensitivity 56%, specificity 97%)".

However, the sensitivity and specificity of cytology is very
high in Asian countries, nonetheless in the western countries the
results are worse. In our previous study we published that cytology
had sensitivity only 34% and specificity 80%. Biochemistry for
combination of CEA and Ca 19 — 9 proved sensitivity of 53% and
specificity 100%?. Similar data were published by other western
centres. Our data show that gastric cancers with infiltration of the
serosal layer or beyond associate with increasing frequency of
positivity of tumor markers. CEA and Ca 19 — 9 levels can show
the amount of tumor cells in the peritoneal cavity. Early gastric
carcinoma may reveal increased temporal marker in the peritoneal
washing, suggesting the presence of penetration pathways in
the stomach wall by cancer cells, without invasion through
continuation into the serosa'*'. Lymphatic channels or metastases
in lymph nodes are examples of these possible pathways. This
notion is partially supported by the fact that peritoneal recurrence
takes place in around 1% of patients with early gastric carcinoma'.

In cases of pancreatic cancer free tumor cells in the
peritoneal fluid predict unresectable, aggressive disease with early
metastatic seeding and short survival time*>?. Positive peritoneal
cytology is classified as metastatic disease according to the 6
edition of the Cancer staging manual AJCC?. It is presumed that
positive cytology indicates ventral spreading of the tumor and it is
a sign of tumor penetration through the peritoneum of the omental
burse?!. Free cancer cells in the peritoneal cavity are the only sign
of generalization in 12 — 30% patients**>**. Positive cytology is
more often found in tumors larger than 4 cm and tumors of the
pancreatic body and tail**. Free tumor cells are diagnosed more
often after fine needle biopsy (17: 28%)*. Similar to our previous
published study, here again the biochemistry of peritoneal fluid is
more sensitive to the presence of cancer cells in peritoneal cavity
and could signal more reliably the advanced stages of the disease
than conventional examinations (CT, EUS). We found lymph
nodes metastases in all cases in stage II with elevation of the

peritoneal Ca 19 — 9 lymph nodes metastasis.

Conclusions

Elevated levels of tumor markers both in peritoneal
cavity and sera could signalize advanced stage of the disease than
itis established by CT and EUS. Patients with a higher level of the
markers in sera are usually treated as high risk patients for treatment
failure. But the same signalize higher level of tumor markers in
the peritoneal fluid. These patients are in risk of peritoneal and
locoregional recurrence and further treatment should be focused
to prevent this recurrence. Unfortunately there is no satisfactory
procedure how to prevent and treat peritoneal cancer dissemination
caused by gastrointestinal cancers. According to contemporary
knowledge the best possibility now is probably the combination of

surgery (peritonectomy) and some type of chemotherapy.
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