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The nuclear DNA distribution pattern of the neoplas- 
tic parenchymal cells of 100 conventionally formalin- 
fixed and parailln-embedded specimens from pancre- 
atic adenocarcinomas and from 8 specimens of 
chronic pancreatitis was assessed by means of image 
cytometry. All material originated from pancreatic 
resections. Evaluable DNA histograms could be ob- 
tained for 77 carcinomas, and clinical data were 
available for 71 of these. In these 71 specimens, the 
nuclear DNA ploidy pattern was also investigated by 
means of flow cytometry. In 78 of the 77 cases, the 
image-cytometric DNA ploidy pattern obtained 
showed a “nondiploid” distribution with modal val- 
ues as high as 8.5 c. In 21 cases, the neoplastic cells 
showed modal values in the “triploid” region. The 
analogous 71 flow-cytometric DNA histograms could 
only be evaluated in 50 cases because of excessively 
high amounts of background and/or excessively 
broad peaks. In 47 cases, the nuclear DNA histogram 
was nondiploid according to both techniques. The 
patients with carcinomas whose cell nuclei showed a 
triploid DNA distribution showed a significantly 
shorter survival time than those with tumor cell 
populations of nontriploid DNA distribution pat- 
terns. In the 8 specimens of chronic pancreatitis, the 
parenchymal cells were all equipped with nuclei 
showing diploid DNA distribution patterns. 

I n most malignant neoplastic diseases in humans 
there is a relationship between the cytometrically 

assessed nuclear DNA distribution pattern of the 
tumor cells and the length of the patients’ survival 

(l-8). When the DNA ploidy pattern of the neoplastic 
cells is of the so-called aneuploid type, the malignant 
disease is usually of an aggressive nature with a rapid 
progress and fatal outcome. In contrast, tumors with a 
“euploid” DNA distribution pattern are, as a rule, less 
aggressive, and the patients may live for a long time, 
even with metastases (7,9-11). Adeaocarcinoma of the 
pancreas ranks among the most aggressive malignant 
neoplasms in humans (12,13). During the last five 
decades, the incidence of this neoplasia has increased 
significantly in several parts of the world (14). Curative 
treatment up to now remains essentially unsuccessful. 
About 90% of the patients are dead within 1 year of 
diagnosis (13). 

There are few known studies using cytometrical 
DNA assessments of the cancer cell nuclei of primary 
ductal adenocarcinoma of the pancreas that have 
been performed previously (15,16, and Alanen et al., 
unpublished data). For this reason, a preliminary 
methodological examination was performed first, us- 
ing conventionally formalin-fixed and paraffin-em- 
bedded specimens of pancreatic adenocarcinomas 
(17). In this pilot study, the cytometrical DNA assess- 
ments were made by means of image cytometry (ICM). 
It was found that the archival material could be used 
for a retrospective investigation of the value of cytomet- 
rical nuclear DNA assessments, although the loss of 

Abbreviations used in this paper: FCM, flow cytometry; KM, 
image cytometry; pN0, posteurgkal node negative; pN1, postsurgi- 
cal node positive. 
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carcinomas with high stromal contents was rather 
great. Further, it seemed as if practically all the 
carcinomas were equipped with tumor cells whose 
nuclear DNA distribution patterns were of the 
“nondiploid” type. Among these carcinomas, there 
was also a subgroup of cases in which the modal 
values were located in the “triploid” region. In a 
previous study of carcinomas of the breast, cases with 
triploid tumor cells were found to be particularly 
aggressive [7]. Whether the same holds true for pancre- 
atic carcinomas with tumor cells showing a triploid 
DNA distribution pattern is essentially unknown. 

The aim of the present study was to assess the 
nuclear DNA ploidy pattern by means of both ICM 
and flow cytometry (FCM) in adenocarcinomas of the 
pancreas and in chronic pancreatitis. The ultimate 
goal was to investigate whether the DNA ploidy 
pattern could add any diagnostic information for the 
individual patient, and whether carcinomas with tu- 
mor cells showing a nuclear DNA distribution pattern 
in the triploid region were particularly aggressive. 

Materials and Methods 

Patients and Clinical Data 

A series of 100 consecutive patients who underwent 
surgery for ductal adenocarcinoma of the pancreas between 
1972 and 1986 was chosen for this study. In 29 of these 
patients, available clinical information was restricted to age, 
sex, and localization of the tumor. Among them there were 
also some patients who died from diseases unrelated to their 
pancreatic carcinoma. In 71 of the 100 cases, complete data 
about the localization of the tumor, the type of surgical 
treatment, and the postsurgical tumor stage could be ob- 
tained [Table 1) (18). There were 40 men and 31 women. The 
age range of the patients was from 38-89 years; the median 
age was 64 years. In 58 of these 71 patients, the regional 
lymph nodes were explored during the laparotomy. In 28 
patients, one or more regional lymph nodes were involved 
by metastatic tumor growth; they were classified as postsur- 
gical node positive (pN1). In 30 patients, no metastatic 
growth was found; they were classified as postsurgical node 
negative (pNO]. The survival time varied from 1-143 months; 
consequently, the postoperative clinical follow-up time pe- 
riod was also highly variable. All but 9 patients died. For 
these survivors, the follow-up time varied between 29 and 
143 months. 

As previously mentioned, 8 cases with chronic pancreati- 
tis were also included in the study. All of them underwent 
surgery with partial duodenopancreatectomy (Whipple’s 
operation). 

Histopathological Investigations 

The conventionally formalin-fixed and paraffin- 
embedded tumor specimens of all the 100 cases of adenocar- 
cinema of the pancreas were re-examined. The histopatho- 

Table 1. Localization of the 71 Pancreatic 
Adenocarcinomas, their Postsurgical Tumor 
Stage, and the Type of Surgical Treatment Used 

Localization 
of the tumor 

in the No. of Postsurgical 
Type of surgical treatmenV 

pancreas” patients tumor stageb Radical Palliative None 

Head 81 Tl 5 - - 
T2 21 1 - 
T3 14 2 1 
T4 8 8 1 

Body 8 Tl 1 - - 
T2 - 2 1 
T3 - - - 
T4 - 1 1 

“In four cases, tumors were located outside of the head and body; 
two in the tail (one treated by radical surgery, one not undergoing 
surgical treatment] and two multifocal [both undergoing palliative]. 
bPostsurgical tumor stages: Tl, tumor ~2 cm, limited to the pancreas; 
T2, tumor 2-8 cm, limited to the pancreas; T3, tumor >6 cm, limited 
to the pancreas: T4, tumor growth outside the pancreas. 
Types of surgical treatment: radical, proximal partial duodenopan- 
createctomy (Whipple’s operation]; palliative, biliodigestive anasto- 
mosis and gastroenterostomy. 

logical diagnosis was confirmed, and the tumors were 
classified according to their histopathological features into 
three grades [19]. The resection specimens of the additional 
8 cases with chronic pancreatitis were also re-examined and 
the diagnosis confirmed histopathologically. 

Cytometrical Nuclear DNA Assessments 

Cytometrical assessments of the nuclear DNA distri- 
bution pattern of the neoplastic cells were performed on all 
the 100 specimens of adenocarcinoma and on the 8 speci- 
mens of chronic pancreatitis. Two different methods were 
used, namely, ICM and FCM. The ICM procedure applied 
has recently been described in detail (17). From paraffin 
blocks, areas with high contents of neoplastic parenchymal 
cells were selected. Sections about 50 pm thick were cut 
from these parts. The cut sections were deparaffinized, the 
tumor cells were disintegrated, and their nuclei were Feul- 
gen stained. The ICM measurements were then made 
directly on the slides by means of a densitometrical device 
(Ahrens Image System, Bargteheide/Hamburg, F.R.G.). At 
least 100 structurally identified neoplastic cell nuclei were 
analyzed in each specimen. The structural identification 
was based on conventional cytodiagnostic criteria, applied 
to the nuclei of the cells. The nuclei in disintegrated image 
preparations were found to be intact, and their structural 
details were well preserved after the Feulgen procedure. 

The method followed for the FCM assessments was 
described previously (20,21). Briefly, after deparaffinization 
and disintegration of one or two 50-pm-thick sections, the 
cells or cell nuclei were stained with propidium iodide 
solution (22). The DNA assessments were performed by 
using an Ahrens Flow System equipped with a 100-W Hg 
lamp. Excitation and emission filters were 530-560 nm and 



July 1990 DNA PLOIDY PATTERN IN PANCREATIC CARCINOMA 239 

>580 nm, respectively. For each histogram, at least 20,000 
counts were collected. 

Interpretation of the DNA Histograms 

The ICM histograms obtained from the nuclei of the 
disintegrated specimens were subdivided into diploid, tetra- 
ploid, and aneuploid types by means of the modal value of 
the 2-c peak of the internal control cells (fibrocytes) and the 
percentages of cells outside this peak as previously de- 
scribed (17). Tetraploid and aneuploid types were referred 
to as nondiploid histogram types. 

The FCM histograms were accepted as possible to evalu- 
ate when the counts in the background were not higher than 
40% of all the signals collected. The interpretation of 
diploid, tetraploid. and aneuploid types was made as previ- 
ously described, as was the calculation of the coefficient of 
variation of the peaks obtained (23). No calculation of the 
counts in the S-phase region was made because of the 
generally high percentage of counts recorded in the back- 
ground. 

Statistics 

The Kaplan-Meier method for estimation and pre- 
sentation of survival distributions (death not resulting from 
pancreatic adenocarcinoma was excluded), the log-rank test 
to compare survival in various groups, and the x2 test to 
establish dependence between DNA ploidy and lymph node 
status were used (24). The Cox regression model was applied 
to test the prognostic impact of tumor localization, tumor 
stage, surgical therapy, histopathological tumor grade, lymph 
node status, and DNA ploidy. 

Cytochemical DNA Assessments by Means of 
Image Cytometry 

The tumor cells obtained by means of the 
deparaffinization-disintegration-cytospin technique 
were too few in 23 of the 100 pancreatic carcinomas to 
allow cytochemical DNA assessments by means of 
ICM. A glass slide should contain at least several 
hundred cells or cell nuclei to make a selection for 
assessment at random possible. Histopathological ex- 
amination showed all 23 adenocarcinomas to have the 
scirrhous type of growth pattern with large amounts of 
hyaline sclerotic connective tissue stroma (17). In 76 of 
the 77 successfully disintegrated specimens, the nu- 
clear DNA distribution pattern of the cancer cells was 
of the tetraploid or aneuploid type. All 71 patients for 
whom complete clinical data were available belonged 
to the group of 76 cases with tetraploid or aneuploid 
tumors. The distribution of their modal values is 
shown in Figure 1. In 21 cases, a distinct tumor cell 
population with modal values in the triploid region 
(2.7-3.3 c) was found, whereas 50 patients showed 

2.5~ 3C 4c 5c 6C 0.5c 

DNA 

Figure 1. Distribution of modal values obtained by ICM of the 71 
pancreatic adenocarcinomas for which complete clinical data 
were available. 8, Modal values in the triploid region (n = 21). 

tumor cell populations with modal values scattered 
outside this region. The 8 cases of chronic pancreatitis 
were only assessed by means of the ICM technique. 
The nuclei of the pancreatic parenchymal cells of all 
cases showed a DNA distribution pattern of the dip- 
loid type. 

Cytochemical DNA Assessment by Means of 
Flow Cytometry 

Only those tumor specimens from the 71 cases 
in which all clinical data were available were in- 
cluded in the deparaffinization-disintegration FCM 
procedure. In 21 (30%) of these 71 cases, the histo- 
grams obtained were not possible to evaluate because 
of a high amount of counts in the background (>4O% 
of all counts) and/or excessively broad coefficients of 
variation (>lO%). 

However, the results of the 50 FCM histograms that 
could be evaluated were in good conformity with 
those obtained by ICM. Thus, in no less than 47 cases, 
the DNA ploidy pattern was tetraploid or aneuploid 
according to both methods. The DNA indices deter- 
mined through FCM and those determined through 
ICM were almost identical (r = 0.95). The 3 cases in 
which discrepancies in the results of the two proce- 
dures were obtained were characterized by diploid 
FCM DNA histograms and aneuploid ICM histo- 
grams. In 3 of the 47 aneuploid FCM DNA histograms, 
two aneuploid peaks were detected. The coefficients 
of variation ranged from 3.8%-9.6%. In a previous 
methodological study (u’), no correlation could be 
found between the results of the histopathological 
grading of the adenocarcinomas and those of the DNA 
assessments made through ICM. This was confirmed 
in the present investigation using the FCM procedure. 

Patients’ Lengths of Survival and 
Histopathological Grades of Tumors 

The patients’ survival times in correlation with 
histopathological grades are shown in Figure 2. Only 
the difference of survival observed between patients 
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Figure 2. Probability of survival of 71 cases with pancreatic 
adenocarcinoma in correlation with the bietopatbological tumor 
grade. Grade 1 (Gl) comprises 25 patients, grade 2 (G2), 23, and 
grade 3 (G3), 23. 

with grade-l tumors compared with those with grade- 

3 tumors was significant (P < 0.001). 

Patients’ Lengths of Survival and Nuclear 
DNA Distribution Patterns of Tumor Cells 
Assessed by Means of Image Cytometry 

Because the number of tumor cases that could 
be adequately evaluated by means of FCM was too 
low (only 50 cases), the correlation between the lengths 
of survival of the patients and the nuclear DNA 
distribution patterns of the tumor cells was limited to 
the 71 cases for which complete clinical data were 
available and assessed through ICM. Figure 3 shows 
the survival times of the 71 patients according to the 
DNA ploidy type. Patients with tumors in the triploid 
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Figure 3. Probability of survival of patients with triploid (n = 21) 
and nontriploid (n = 50) pancreatic adenocarcinomas. 

region all died within 24 months, whereas patients 
with tumors in the nontriploid region showed a signif- 
icantly longer survival time. As previously mentioned 
in 58 patients the regional lymph nodes could be 
explored during the laparotomy; 28 of them were 
classified as pN1 and 30 as pN0. There were 18 cases 
with triploid tumor cell populations and 40 with 
nontriploid neoplastic cell populations. Not less than 
15 of these 18 triploid tumors were classified as pN1, 
whereas only 13 cases were classified as pN1 of the 40 
cases with nontriploid carcinomas (Figure 4). Patients 
with tumors in the triploid region frequently showed 
advanced tumor stages, such as T3 and T4, whereas 
the patients with tumors in the nontriploid region 
were often found to be in the earlier tumor stages, 
such as Tl and T2 (Table 2). 

Cox regression analysis of the relationship between 
DNA distribution pattern and surgical treatment 
showed highly significant influences of the treatment 
(P < 0.001, radical vs. palliative surgical treatment] 
and of no surgical treatment at all. The DNA distribu- 
tion pattern remained in the analysis with a P value of 
0.05 (n = 71). After analysis was performed of DNA 
distribution pattern, histopathological tumor grade, 

A 

18 

Figure 4. Number of patients with postsurgically manifested 
regional lymph-node metastaeee in (A) triploid (n = 18) and (B) 
nontriploid (n = 40) pancreatic adenocarcinomas. Hatched por- 
tions of bars indicate pN1. 
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Table 2. Frequency of Triploid and Nontriploid DNA 
Distribution Patterns in 71 Cases of Pancreatic 
Adenocarcinoma in Correlation With 
Tumor Stage 

Tumor stage No. triploid tumors No. nontriploid tumors 

Tl - 6 
T2 6 20 
T3 6 11 
T4 9 13 
Total 21 50 

tumor stage, lymph node status, and tumor localization 
in the group of patients who underwent radical sur- 
gery, (n = 421, only the DNA distribution pattern 
remained in the regression model with P ~0.01. 

Discussion 

The present investigation shows that cytometri- 
cal DNA assessments through ICM (and, to some 
extent, also through FCM) can also provide additional 
information for conventional histopathological diagno- 
sis pancreatic adenocarcinoma. Admittedly, the usual 
subdivision of the carcinomas in euploid (diploid or 
tetraploid] and aneuploid subgroups of rather equal 
size (e.g., in mammary carcinomas) is no longer valid. 
Instead, the high degree of DNA nondiploid distribu- 
tions seems to reflect the well-known aggressive malig- 
nancy and high growth potential of this tumor entity. 
The present observations support the results of earlier 
studies (15,16). A further observation is that 21 tumors 
consisting of neoplastic cells with a triploid DNA 
content seem to be particularly aggressive. This finding 
agrees with the results of one recent analogous study 
of mammary carcinomas (7) and could be of practical 
clinical significance for the determination of prognosis 
and for the choices of therapy. 

Another observation in the present study on archi- 
val specimens of pancreatic adenocarcinomas was 
that when both the ICM and the FCM techniques 
were applied, the ICM procedure yielded more DNA 
histograms that could be evaluated than the FCM 
technique. About one third of the cell samples 
disintegrated for FCM had to be excluded because of 
excessively high amounts of background and/or to 
excessively broad coefficients of variation. Such 
disadvantage with disintegrated FCM DNA histo- 
grams of poor resolution was recently reported when 
the FCM procedure was used for formalin-fixed and 
paraffin-embedded uterine curetted specimens of en- 
dometrial carcinomas and could be ascribed to the 
histotechnical deficiencies in the initial handling of 
the curetted specimens (25). The corresponding ICM 
DNA histograms were characterized by extremely 
high positions of the modal values on the x axis. It is 

well known that FCM histograms need two or three 
times as many counts in or above the 4-c region than in 
the 2-c region to evoke clear-cut, detectable peaks. 

The present findings that the pancreatic glands of 
all cases of chronic pancreatitis were equipped with 
parenchymal cells showing a diploid nuclear DNA 
distribution pattern can be of some help in solving 
practical diagnostic problems both in cytodiagnostic 
and histopathologic specimens. It is well known that 
the pathologist can be faced with a fine-needle aspira- 
tion or surgical biopsy specimen from a patient with a 
suspicious lesion in the pancreas for which the differ- 
ential diagnosis is chronic pancreatitis or pancreatic 
adenocarcinoma. Here, the results of a cytometrical 
DNA analysis can be of utmost importance; the finding 
of a DNA aneuploidy strongly indicates the existence 
of pancreatic adenocarcinoma. The ICM technique 
with selective DNA assessment in cytodiagnostically 
identified tumor-cell nuclei requires much less cellu- 
lar material than the FCM procedure. For specimens 
of pancreatic adenocarcinomas containing high 
amounts of nonneoplastic cells (normal epithelia, in- 
flammatory cells, or stroma), this technique is pre- 
ferred. There are no known published FCM DNA 
studies in which paraffin blocks of pancreatic adeno- 
carcinomas were used (26), perhaps because of the 
large amount of cellular material that is needed. 

The histopathological grading used in the present 
study (19) contributes limited prognostic information 
in cases of pancreatic adenocarcinoma. However, 
other investigators report somewhat different results 
(27). The subjective nature of the grading system may 
explain such divergences. 
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