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ORIGINAL ARTICLE
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ABSTRACT

Context Only a few studies are available in
the literature regarding the AgNOR
(argyrophilic nucleolar organizer region)
count in pancreatic adenocarcinoma but
studies on the SAPA (subjective AgNOR
pattern assessment) score are completely
lacking.

Objective We attempted to estimate the
AgNOR count and the SAPA score in
carcinoma of the pancreatic head including
periampullary tumors and to correlate them
with  other various clinico-histological
parameters.

Setting Patients undergoing pancreatic
resection at the University Hospital, Banaras
Hindu University, Varanasi, India.

Patients Twenty-four cases of carcinoma of
the pancreatic head including periampullary
tumors. In addition, on the resected specimen
of the pancreas, the area which was normal
was chosen and, in that normal tissue, the
AgNOR was also studied.

Main outcome measures Patients were
studied for the AQNOR count and the SAPA
score, and the values were correlated with the
size of the tumor, the type of tumor and
histological type and grade of tumor.

Results The values of the AQNOR count and
the SAPA score were significantly higher in
cases of pancreatic cancer than in the healthy
pancreas. The AQNOR count was 1.6+0.1 in
the healthy pancreas while it was 2.8£0.5 in
cases of pancreatic carcinoma (P<0.001). The
SAPA score was 5.6£0.2 in the healthy
pancreas while it was 8.0£1.4 in pancresatic
carcinoma (P<0.001). Tumors less than or
equal to 2 cm in size had an AgNOR count of
2.6£0.08 while the AgNOR count was
3.4+0.02 in tumors larger than 2 cm
(P<0.001). The SAPA score was aso higher
in tumors greater than 2 cm in size (7.3x0.2
vs. 9.4+0.8; P<0.001). Periampullary tumors
had a significantly lower (P<0.001) AQNOR
count (2.7+£0.06) and SAPA score (7.8+0.2)
as compared to carcinoma of the head of the
pancreas (AgNOR count 3.3£0.03 and SAPA
score 9.2+0.7). Well-differentiated
carcinomas had significantly lower AgNOR
counts as compared to other tumors except
acinar cell carcinomas since acinar cell
cacinomas are aso well-differentiated
tumors. The SAPA score was also higher in
moderately-differentiated tumors and the
difference between moderately-differentiated
tumor and other types of tumors was
significant although there was no significant
difference between cystadenocarcinomas and
unclassified tumors, and between acinar cell
carcinomas and well-differentiated tumors on
SAPA scoring.
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Conclusions The values of the AQNOR count
and the SAPA score are well-correlated with
the size of the tumor, the type of tumor and
the histological grade.

INTRODUCTION

Various clinical and histological parameters
are avalable for assessing the biological
aggressiveness of the tumor. Clinica
parameters are tumor size, lymph node
involvement and distant metastases while the
histological parameters are degree of
pleomorphism, mitotic figure, lymphoreticul-
ar response, desmoplasia, tumor necrosis,
lymphatic or vascular invasion and grade of
tumor. Besides these parameters, DNA
content, S phase fraction, oncogenes, Ki-67
monoclonal antibodies, PCNA (proliferating
cell nuclear antigen), fibroblast growth factor
receptor and AgNOR (argyrophilic nucleolar
organizer regions) are some other parameters.
The AgNOR is a cheap, simple, quick and
reliable adjuvant to routine histopathology
[1]. Its role is well-established in the
diagnosis of lymphoma [2], breast cancer [3,
4], prostatic tumors [5], oral cavity tumors [6]
and other tumors [7]. The AQNOR has been
studied in pancreatic tumors but only a few
studies are available [8, 9, 10]. The aim of
this study was to study the AgNOR count and
the SAPA (subjective AgNOR pattern
assessment) score in carcinoma of the head of
the pancreas including periampullary tumors
and to correlate them with various clinico-
histological parameters.

PATIENTS

The study was carried out on 24 patients
admitted to our University Hospital with
carcinoma of the pancreatic head (including
periampullary  tumors), who underwent
Whipple's  pancreaticoduodenectomy  for
curative resection. The mean age of the
patients was 54 years (range 44-68 years); 20
patients (83.3%) were males and 4 (16.7%)
were females. Healthy pancreases were taken
for study from the resected specimens of the
pancreases, the area chosen was that which
was considered to be healthy on histological

examination and the AQNOR was studied as a
control using this healthy tissue.

METHODS

Detailed clinical examination was carried out
and findings were recorded. After resection,
the tissue was fixed in formain and
embedded in paraffin wax. The dlides were
processed both for routine H&E staining and
AgNOR staining.

AgNOR Staining

Formalin-fixed paraffin-embedded sections
(4-6 mm thickness) were rinsed in xylene for
5-10 minutes three times, in ethanol (100%)
for 2-5 minutes three times, then in ethanol
(70%) for 2-5 minutes once. The dlides were
washed in running tap water for 5 minutes
and were then rinsed in deionized water for 2-
3 minutes 2-3 times. The dides were
incubated with 1 volume of solution A and 2
volumes of Solution B per dlide. The dlides
were left in the dark for 60 minutes and rinsed
in deionized water three times; they were then
washed with 5% sodium thiosulfate solution
for 5 minutes. In addition, the dlides were
rinsed in ethanol (100%) and xylene, and the
smears were mounted with a cover dip.

Solution A (Colloid Developer Solution)

Solution A contained 100 mL of pure water,
plus 2 g of gelatin, plus 1 mL formic acid.
The gelatin was dissolved at 40-60°C by
stirring for 10-20 minutes. This solution can
be left a room temperature or at 4°C for
several months.

Solution B

Solution B contained 100 mL of pure water,
plus 50 g of silver nitrate. This solution has to
be stored in the dark by wrapping aluminum
foil around the container.

Counting of AgNOR and SAPA Score

Silver-stained slides were examined under a
light microscope at 500x magnification.
AgNORs appear as brown or black dots
within a yellowish background of nucleus.
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Table 1. Subjective AQNOR pattern assessment [3].

Parameters Score

1. Estimated number per cell
Lessthan 2 1
2-5 2
Greater than 5 3
2. Variation of satellite size and shape
(each scored)

Uniform

Moderate variation

Marked variation

3. Variation in cluster size and shape
(each scored)

Uniform

Moderate variation

Marked variation

WN P~

WN -

The brown/black dots were counted in the
nucleolus and also outside the nucleolusin the
nucleus. The clumped dots were considered to
be a single dot. The number of dots was
counted in 100 cells and the average was
taken for each case. The areafor counting was
from the periphery of the tumor and from the
areas where maximum dots were visible.
Subjective AgNOR pattern assessment scor-
ing was done according to the scoring system
proposed by Meehan et al. [3] (Table 1).
Scores were assigned by the estimated
number of dots, the size and shape of dots and
clusters and their variation from cell to cell.
For each unit, there are 5 parameters:
estimated number per cell, variation of
satellite size, variation of satellite shape,
variation in cluster size and variation in
cluster shape. Using this subjective system,
the score can range from 5 to 15.

ETHICS

Written informed consent was obtained from
all patients and the study protocol conformed
to the ethical guidelines of the "World
Medical Association Declaration of Helsinki -
Ethical Principles for Medica Research
Involving Human Subjects’ adopted by the
18" WMA Genera Assembly, Helsinki,
Finland, June 1964, as revised in Tokyo 2004,
as reflected in a priori approva by the
appropriate institutional review committee.

STATISTICS

Data are reported as mean values and standard
deviations. For statistical anaysis, the one-
way ANOVA was applied by using the post-
hoc Student Newman Keuls (SNK) proced-
ure. Statistical analyses were performed by
running the SPSS Version 11.0 package.

RESULTS

Sixteen patients had periampullary carcinoma
while 8 patients had carcinoma of the head of
the pancreas. The H&E stain was done
specificaly to see the type and the grade of
tumor. Silver staining was done for the
healthy-looking pancreas in the specimen and
that was compared with the malignant area.
The values of the AgNOR count and the
SAPA score were significantly higher in
malignant lesions as compared to the healthy
pancreas (Table 2). On comparing the tumors
less than or equal to 2 cm with those greater
than 2 cm in size, there was a significant
difference in both the AQNOR count and the
SAPA score (P<0.001). According to the type

Table 2. AgNOR count and SAPA score and their
correlation to various clinico-histologic markers. Data
are reported as mean+SD.

AgNOR  SAPA
count score

Diagnosis
Normal pancreas (n=24) 1.6+0.1 5.6+0.2
Malignant (n=24) 2805 8.0+14

P<0.001 P<0.001

Size of tumor
Lessthan or equal to 2 cm (n=13) 2.6+0.08 7.3+0.2
Greater than 2 cm (n=11) 3.4+0.02 9.4+0.8
P<0.001 P<0.001
L ocation of tumor
Peri-ampullary (n=16)
Head of pancreas (n=8)

2.7+0.06 7.8+0.2
3.3t0.03 9.2+0.7
P<0.001 P<0.001
Histological types

Well-differentiated (n=8) 24401 7.2+0.7
Moderately-differentiated (n=4) 3.7+0.02 10.3+0.9
Acinar cell carcinoma (n=4) 2.5+0.08 7.1+0.1
Cystadenocarcinoma (n=4) 3.1+0.05 8.7+0.3
Unclassified (n=4) 3.2+0.01 8.6+0.3
P<0.001 P<0.001
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of tumor (periampullary vs. carcinoma of the
head of the pancreas), there was a significant
difference (P<0.001) in the vaues of the
AgNOR count and the SAPA score
suggesting a relatively lower proliferative
activity of the periampullary carcinoma;
however, it is also true that most of the cases
of periampullary carcinoma (10/16; 62.5%)
were less than 2 cm in size. Of the 24 cases, 8
(33.3%) were well-differentiated duct cell
carcinomas, 4  (16.7%) moderately-
differentiated carcinomas, 4 (16.7%) acinar
cell carcinomas, 4 (16.7%) cystadeno-
carcinomas and 4 (16.7%) were unclassified
types. The AgNOR count and the SAPA score
were sSignificantly different among the
different histological types (P<0.001). Well-
differentiated carcinomas had a significantly
lower AgNOR count as compared to other
types of tumors except acinar cell carcinomas
since acinar cell carcinoma is also a well-
differentiated tumor. The SAPA score was
aso highest in moderately-differentiated
tumors, and the difference between
moderately-differentiated tumors and other
types was significant although there were no
significant differences between cystadeno-
carcinomas and unclassified tumors, and
between acinar cell carcinomas and well-
differentiated tumors (Table 3).

DISCUSSION
Nucleolar organizer regions (NORs) are the

tools used by the cytogeneticist for the study
of chromosomal disorders. It was noticed that

NOR patterns in malignancy are different, and
after the development of the simple silver
staining technique for the visualization of
NORs at the optical level, it was decided that
aNOR study using silver staining can be used
for characterizing malignancy. The number of
AgNORs, their size and heterogeneity
represents proliferative cellular activity, thus,
it can be used for detecting malignancy and
grading of the tumor. Moreover, this
technique is very simple and does not require
special preservation or fixation of tissue. It
can be performed on formalin-fixed paraffin-
embedded sections which is routine for the
histopathologist. The AgNOR staining
procedure is aso smple and does not require
any specia instruments or costly reagents. In
the absence of a histopathologist, AgNOR
evaluation can aso be done by an expert
technician. Therefore, at centers where more
costly methods are not available for assessing
tumor aggressiveness, the study of the
AgNOR may become an important parameter
in order to study the aggressiveness of the
disease.

In applying the AgNOR technique to tumor
pathology, the AgNOR counting method
appears to be important. In a study of breast
lesions, the number of AgNOR clusters per
nucleus, the mean number of AgNORs per
cluster and the number of satellite AQNORs
were evaluated in order to finaly derive a
total AgNOR count [11]. In a study of
cytological preparations of breast lesions, a
subjective AgQNOR pattern assessment scoring
system was developed in which scores were

Table 3. Statistical values of the various histological types of tumors. Student Newman Keuls (SNK) post-hoc

comparison.

Histological types AgNOR count SAPA score
Moderately-differentiated vs. well-differentiated P<0.001 P<0.001
Moderately-differentiated vs. acinar cell P<0.001 P<0.001
Moderately-differentiated vs. cystadenocarcinoma P<0.001 P<0.001
Moderately-differentiated vs. unclassified P<0.001 P<0.001
Unclassified vs. well-differentiated P<0.001 P<0.010
Unclassified vs. acinar cell P<0.001 P<0.010
Unclassified vs. cystoadenocarcinoma P<0.001 Not significant
Cystadenocarcinoma vs. well-differentiated P<0.001 P<0.010
Cystadenocarcinoma vs. acinar cell P<0.001 P<0.010

Acinar cell vs. well-differentiated

Not significant Not significant
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assigned by the estimated number of dots, the
size and shape of the dots as well as clusters
and their variation from cell to cell [3]. In the
present study, both methods of AgNOR
counting and the subjective AgNOR pattern
assessment (SAPA) score were studied.

In the present study, we have tried to
determine the usefulness of the AQNOR count
and the SAPA score as per the various
clinico-histological parameters. A total of 24
cases were studied; since only early stage
tumors were resected, the value of the
AgNOR could not be correlated with the
lymph node status and patients with
metastasis. But the correlation of the AQNOR
was carried out using the size of the tumor,
the type of tumor and histological grade. Our
mean value for AgNORs in a hedthy
pancreas was 1.6+£0.1 which is comparable to
1.8 with other studies [12] and the mean
SAPA score for a healthy pancreas was
5.620.2. In malignant pancreatic lesions, the
AgNOR count was 2.8+£0.5 and the SAPA
score was 8.0+1.4. By comparing a heathy
pancreas with a malignant lesion, both the
AgNOR count and the SAPA score showed
significant differences. The AgNOR count
and the SAPA score were significantly
elevated in malignant lesions of the pancreas
irrespective of the histological type. The
AgNOR and the SAPA score could be
correlated with the size of the tumor, type of
tumor and grade of tumor. Toyota et al. [13]
from Japan analyzed 38 patients with invasive
ductal carcinoma and found a mean score of
3.8+0.6 in malignant tumors as compared to
1.7+0.3 in healthy pancreases; they also found
that survival could be matched with the
AgNOR count. Similarly, another study from
Japan found the mean AgNOR count to be
1.9+0.4 in hedthy pancreases, 2.1+0.5 in
pancreatitis and 4.0£1.2 in malignant tissue
[14].

Various authors have used the AQNOR count
as a marker of proliferation in various
experimental animals with pancreatic lesions
[12]. Pollock [8] studied the diagnostic value
and cytophysiologic correlation of NORs in
the exocrine pancreas, in chronic pancreatitis
and ductal adenocarcinoma, and concluded

that AgNORs could differentiate between
chronic pancreatitis and adenocarcinoma, and
between different grades of adenocarcinoma.
A correlation was aso found between the
number of extranucleolar dots and
proliferation, as well as between the number
of intranucleolar dots and the protein
synthetic activity of the epithelial cells of the
small excretory ducts of the pancreas.

Schulz [9] studied the relationship between
chronic pancreatitis and the development of
cancer in 16% of cases depending on the
length of history, and found the point
mutation of the K-ras gene, mutation or
deletion of the p53 gene and an excess
production of the c-erbB-2 gene to be present
to a greater extent in pancreatic carcinomas.
Suzuki et al. [15] compared p53, proliferating
cell nuclear antigen expression and AgNORs
in pancreatic duct cell carcinomas using
immunohistochemical studies. Three
histological indicators of malignancy were
studied: tumor stage, histological grade, and
lymph node status. p53 overexpression was
correlated to the histological grading but not
to tumor stage and lymph node involvement;
the proliferating cell nuclear antigen labeling
index (PCNALI) was correlated to
histologica malignant grading and the
pathological state but was not correlated with
lymph node status. Thus, expression of p53
and PCNALI do not reflect the degree of
malignant development. In contrast, the
AgNOR  number  showed  significant
correlation with these three indicators of
malignancy in  pancreatic duct cell
adenocarcinoma. Thus, AgNOR is a better
marker of malignant changes in pancreatic
duct cell adenocarcinoma. Sato et al. [10]
were able to differentiate neoplastic from
atypical non-neoplastic lesions of the
pancreas based on nucleolar and dispersed
nucleolar organizer regions. AgNORs have
been used as markers of malignancy in
endocrine tumors of the pancreas[12].

We were able to correlate the AQNOR count
and the SAPA score with the size of the
tumor, the type of tumor and the histological
grade of tumor. A large scale study is
contemplated to determine more exactly the
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correlation existing between AgNORs and
various parameters in pancreatic carcinomas.
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