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Abstract. Papillary cystic tumour  (PCT) is a rare, low- 
grade malignant  pancreatic neoplasm, in which the 
histological criteria for malignancy are still uncertain. 
We performed a histological examination of  3 metasta- 
sizing PCTs, while comparing them with 18 non-metas-  
tasizing PCTs, using a computed image analyser. The 
mean max imum nuclear diameter, the mean standard 
deviation (SD) of the nuclear diameter, the mean nuclear 
area and the nuclear-nonnuclear (N/NN)  ratio obtained 
by the image analyser of  the metastasizing PCTs 
(7.23 gm, 2.21 lam, 30.45 [.tm 2, 36.41%) were all signifi- 
cantly larger than those of  the non-metastasizing PCT 
(6.34 gm, 1.59 gm, 23.66 gm 2, 23.74%; P<0 .005 ,  P <  
0.005, P < 0.005, P < 0.001 respectively). However,  there 
were no statistical differences in either the nuclear ellip- 
soidity or nuclear regularity. These results suggested that 
nuclear morphomet ry  might be a useful parameter  to 
define metastatic potential, in addition to histological 
variables such as venous invasion, nuclear grade and 
mitotic rate. 
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Introduction 

Papillary cystic tumour  (PCT) of  the pancreas is a mor-  
phologically distinct and rare pancreatic neoplasm that  
occurs mainly in adolescents and young females (Com- 
pagno et al. 1979; K16ppel et al. 1981 ; Cubilla and Fitz- 
gerald 1984; Morohoshi  etal .  !987). Patients usually 
present with large abdominal  masses with little evidence 
of  metastatic spread and are associated with a favour- 
able prognosis. There have been 19 cases of  such neo- 
plasms with metastases (Compagno et al. 1979; Matsun- 
ou and Konishi 1990; Nishihara et al. 1993); however, 
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only a few histological markers  for metastatic potential  
of  PCT have been described (Compagno eta l .  1979; 
Cappellari et al. 1990). 

Recently, we have described histological characteris- 
tics which indicate metastatic potential. These include 
venous permeation,  nuclear grade, necrobiotic nests and 
mitotic rate (Nishihara et al. 1993); these are still subjec- 
tive. However, nuclear morphomet ry  in many  different 
organ systems including the pancreas (K16ppel et al. 
1985), colorectum (Mitmaker  et al. 1991), urinary blad- 
der (Blomjous et al. 1989), prostate (Diamond etal .  
1982), ovary (Ludescher et al. 1990), kidney (Tosi et al. 
1986) and breast (Baak et al. 1982; Lipponen and Eske- 
linen 1990) has been reported, to reflect prognosis and 
metastatic potential. 

The purpose of  this study was to analyse the nuclear 
morphomet ry  of  21 PCTs by using an image analyser, 
as well as to clarify the relationship between the meta-  
static potential  of  PCT and nuclear morphometry .  

Materials and methods 

Twenty-one patients with a PCT of the pancreas were treated at 
Kyushu University Hospital and at the following 15 hospitals: Uni- 
versity of Occupational and Environmental Health, Medical Col- 
lege of Oita, Nagasaki University, National Nagasaki Central Hos- 
pital, Nagasaki Atomic Bomb Hospital, National Kyushu Cancer 
Center, National Fukuoka Central Hospital, National Shimonoseki 
Hospital, Hofu Gastrointestinal Hospital, Fukuoka Red Cross 
Hospital, Chihaya Hospital, Kitakyushu City. Kokura Hospital, 
Higashi Kunisaki Kokuho Sogo Hospital, Fukuoka Children Hos- 
pital and Uwajima City Hospital. Some of these cases have been 
reported by other authors (Yamaguchi et al. 1989, 1990; Nagai 
et al. 1991). All specimens were fixed in 10% formalin and embed- 
ded in paraffin. Sections 5 gm thick were then stained with haema- 
toxylin and eosin (H & E) as a routine procedure. 

Clinical data were available for all 21 patients, and complete 
follow-up data could be obtained. The follow-up period ranged 
from 3 months to 14 years; the mean follow-up period of all 21 
cases was 5 years and 8 months, while that of 18 non-metastasizing 
cases was 5 years and 1 month. 

Morphometric analysis was performed on H & E stained sec- 
tions in the following manner. The histological images were re- 
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Fig. 1 a-d. The procedure of image processing. Each figure part 
(a-d) is taken fi'om the same area. a The original histological image 
is input into the image analyser (case 15). Most of the field shows 
solid areas of the tumour, while a cystic space is seen at the lower 
left. b The image obrained when the brightness segments of the 
nucleus is picked up. The orange area reveals the nuclear area. 
e The image obtained when the brightness segment of non-cellular 

area is picked up. The pink area shows the non-cellular area. d 
The results of computed analysis by image analyser. The nuclear 
area is surrounded by red lines, and the non-cellular area is 
bounded by white lines. Nuclear number is 154, the mean nuclear 
diameter is 5.12 gin, the mean nuclear area is 19.37 gm 2, and the 
nuclear-nonnuclear (N/NN) ratio is 26.15% 

corded on a Nikon Optiphot-2 microscope (Nikon, Tokyo, Japan) 
with a 40 x Plan Nikon objective lens, connected to a Sony DXC- 
325 TV camera (Sony, Tokyo, Japan) (Fig. 1 a). By using an NEC 
personal computer PC-9801 DX2 (NEC, Tokyo, Japan) with the 
Nexus Qube image analysis processor (Nexus, Tokyo, Japan), the 
image processing steps were done semi-automatically consisting 
of the following steps. The nuclear image was sampled with the 
threshold technique, where the threshold level is automatically de- 
rived from the blue value histogram through the mode method 
(Fig. 1 b). Thereafter, a closing operation was applied to fill in 
any small holes smaller than 12.6 gm 2. Then, small artefacts, such 
as dirt, nuclear debris or degenerative nuclei smaller than 1.89 p.m 2 
were eliminated. The overlapping nuclei were then automatically 
segmented with the shrinking method by computer; that is, nuclear 
notches were detected, and the nuclei were diminished in size until 

they separate out from one another, and then the nuclei expanded 
to the previous size. Next, the non-cellular part where the red 
value was extremely low was sampled with the threshold technique 
(Fig. I c). Then a closing operation was automatically done, and 
small artefacts were eliminated by the computer as part of the 
nuclear procedures. Thereafter, the figures were manually cor- 
rected; the detected area consisting of the cellular part were deleted, 
while the true non-cellular area remained. 

Quantitative nuclear features [maximum nuclear diameter, nu- 
clear area, nuclear ellipsoidity (from Ell), nuclear regularity (form 
Ar)] and nuclear-nonnuclear (N/NN) ratio were all automatically 
calculated by computer thereafter. The final colour images were 
observed by a Sony Trinitron| colour video monitor PVM-1442Q, 
at a final magnification of x 1600 (Fig. I d). 

The areas for measurement were carefully selected on the basis 



of the following criteria: the highest cellularity, the most severe 
atypicality, a lack of inflammation or necrosis, and few interstitial 
components such as vessels and stroma. 

Nuclear ellipsoidity (form Ell) and nuclear regularity (form Ar) 
were calculated by the following formula by using the method 
of Tosi et al. (1986) method dealing with renal cell carcinoma: 

Form Ell = minor diameter 
major diameter • 1000 

Its value = 1000 is for a circle, less than 1000 for elliptical structures. 

Form Ar = 7z/4 x area maj or diameter x minor diameter x 1000 

where major and minor diameters are calculated by the moments 
of inertia of an elliptical-type structure. Its value= 1000 is for a 
circle and an ellipse, and less than 1000 for an irregular structure. 

it was difficult to distinguish the pinkish colour of the cellular 
matrix from that of the interstitial matrix by the image analyser, 
so the interstitial areas, such as the vessels and stroma, were not 
included in the measurement area as far as possible. The N/NN 
ratio was calculated by the following formula: 

N/NN ratio 
area of the nuclei 

x 100 (%) - total area - area of the nuclei - non-cellular area 

In order to investigate the presence of field-to-field variations 
within one section, a representative slide was selected. In the sec- 
tion, all the nuclei in ten random fields were measured, and the 
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morphometrical parameters were calculated for each field. Analy- 
ses of variance showed no significant field-to-field differences in 
each parameter [normal probability plot test coefficient of varia- 
tion (CV) of the diameter=0.7011%, CV of the area=3.191%, 
CV of E11=2.438%, CV of Ar=0.6878%, CV of N/C ra t io= 
8.045% (P<  0.0001)]. 

Three non-parametric statistical tests, the Mann-Whitney-Wil- 
eoxon test, Kruskal-Wallis test and Scheffe test were used to evalu- 
ate the difference between the mean values of the groups. Values 
of P < 0.05 for every test were regarded as having statistical signifi- 
cance. Multiple regression analyses were also performed using the 
profound parameters produced. 

Results 

T h e  sex a n d  age  o f  the  pa t i en t s ,  t he  a n a t o m i c a l  site, 
the  size o f  t u m o u r s ,  the i r  b i o l o g i c a l  cha rac t e r i s t i c s  a n d  
f o l l o w - u p  d a t a  h a v e  all  b e e n  d e s c r i b e d  in a p r e v i o u s  
r e p o r t  ( N i s h i h a r a  et  al. 1993). T h e  21 p a t i e n t s  w i t h  P C T  
were  a g e d  12 -60  yea r s  w i t h  a m e a n  age  o f  27.5 years .  
T h e r e  w e r e  19 w o m e n  a n d  2 men .  Al l  cases  fu l f i l led  
the  e s t ab l i shed  h i s t o l o g i c a l  c r i t e r i a  ( C u b i l l a  a n d  F i t z g e r -  
a ld  1984). T h e  th ree  m e t a s t a s i z i n g  cases  w e r e  a 21 -yea r -  
o ld  J a p a n e s e  w o m a n  (case  19) h a v i n g  a 8.5 x 4 . 5  c m  
m a s s  l o c a t e d  in an  a r e a  b e t w e e n  the  b o d y  a n d  the  tai l  

Fig. 2. a Nuclear grade 1. The nuclei of case 1 show a mean diame- 
ter of 6.3 gm, fine chromatin, small and inconspicuous nucleoli, 
minimal nuclear atypia and minimal nuclear pleomorphism by light 
microscope observation. The features indicate a nuclear grade 1. 
b Nuclear grade 3. The nuclei of case 19 reveal a mean diameter 

of 7.5 gm, mildly vesicular chromatin, moderate-sized nucleoli, se- 
vere nuclear atypia and moderate nuclear pleomorphism by light 
microscope observation, not using an image analyser. The features 
indicate a nuclear grade 3. H & E, x 570 
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Table 1. Morphometric data of the papillary cystic tumour of the pancreas 

Case Mean number Mean nuclear Mean nuclear Mean Mean N/NN(%) 
of nuclei maximum diameter area (gin 2) Ell Ar 

(gin) 

Non-metastasizing cases 

1 107.9 6.19_+ 1.26 24.04_+ 9.08 791 958 28.05 
2 114.1 6.11 _+ 1.34 21.15 + 9.68 788 957 24.33 
3 82.1 6.57_+ 1.52 25.34 • 9.41 747 947 19.68 
4 114.3 5.18_+1.13 17.00_+ 5.69 804 955 19.29 
5 91.6 6.48 _+ 1.30 25.00 _+ 10.71 754 939 21.83 
6 117.9 6.51 _+ 1.66 25.42_+ 11.95 771 936 27.52 
7 76.2 4.93 _+ 1.00 14.77_+ 4.96 754 981 16.29 
8 122.8 6.49 _+ 1.74 25.14_+ 11.86 746 890 31.43 
9 99.0 6.56_+ 2.12 24.53_+ 13.04 707 863 23.43 

10 105.0 6.82_+ 1.60 26.31 _+ 10.44 739 923 28.55 
11 106.1 6.70_+ 1.89 25.85 _+ 12.03 708 920 27.16 
12 88.5 6.44 _+ 1.47 23.98 _+ 11.12 754 914 21.30 
13 94.0 6.49_+ 1.63 22.50_+ 9.28 677 956 20.86 
14 125.4 6.79_+ 1.70 25.94_+ 12.77 728 934 29.22 
15 103.1 5.34_+ 1.06 20.00_+ 5.75 865 983 19.76 
16 99.5 6.33 _+ 1.93 22.65_+ 12.44 733 888 19.78 
17 83.6 6.52_+ 1.90 23.71 _+ 12.49 735 917 23.20 
18 80.0 7.66 + 2.36 32.53 _+ 18.47 713 902 25.57 

Mean 100.6 6.34 * _+ 1.59 * 23.66 * • 10.62 751 931 2t74 ** 

Metastasizing cases 

19 116.8 7.45_+2.37 31.05_+18.79 711 924 34.12 
20 96.7 7.14_+ 2.04 31.19 _+ 10.93 819 942 29.27 
21 160.4 7.09_+2.21 29.1l _+ 16.39 734 910 45,85 

Mean 124.6 7.23 * _+ 2.21 * 30.45" ___ 15.37 755 925 36.41 ** 

* P < 0.005, ** P < 0.001 (Mann-Whitney-Wilcoxon test) 

The image analyses were performed in ten fields for each tumour. The number of nuclei reveals the number of nuclei counted by 
an image analyser. 
Ell, Nuclear ellipsoidity; Ar, nuclear regularity; N/NN: nuclear/nonnuclear ratio 

o f  the pancreas  with a metastat ic  regional lymph node, 
a 28-year-old Japanese w o m a n  (case 20) who was found  
to have metastat ic lymph nodes at the second opera t ion  
and a 36-year-old Japanese w o m e n  (case 21) who did 
o f  multiple hepatic metastases and peritoneal dissemina- 
tion. The other  18 cases are now doing well and are 
clinically free o f  turnouts.  

A compar i son  o f  the da ta  in the pathological  findings 
between metastasizing and  non-metastas iz ing PCTs  was 
previously reported (Nishihara  et al. 1993). Briefly, ve- 
nous  invasion was observed in all 3 metastasizing tu- 
mours  (MTs), while only 1 o f  the 18 non-metastas iz ing 
tumours  (NMTs)  had such invasion. The nuclear grade 
o f  the P C T  was divided into three groups  based on the 
nuclear size, quant i ty  o f  chromat in ,  size o f  nucleoli, and 
the extent o f  nuclear a typia  and p leomorph ism (Nishi- 
hara  et al. 1993). One M T  and  10 N M T s  showed nuclear 
grade 1, 7 N M T s  revealed nuclear grade 2, while 2 MTs  
and 1 N M T  showed nuclear  grade 3 (Fig. 2). Each  M T  
had 4, 9 and 10 mitot ic  figures per 20 high power  fields 
(hpf) ( x  400), whereas 6 N M T s  revealed no mitot ic  fig- 
ures, 11 N M T s  had 1-3 such figures per 20 hpf, and 
1 N M T  showed 8 mitot ic  figures per 20 hpf. Therefore,  
the metastat ic  potential  o f  the PCT  was considered to 

be related to the venous invasion, nuclear grade and 
mitotic rate. However ,  there was no significant differ- 
ence between the two groups  regarding necrosis, capsu- 
lar invasion, direct extension to the pancreat ic  parenchy-  
ma  or  perineural  growth.  

A n  image analysis was per formed in the field o f  
109 ~tm x 118 gm (1.29 x 10 4 ~tm2), and 10 fields were ex- 
amined for  each t umour  (Table 1). The mean  number  
o f  the nuclei counted  ranged f rom 76.2 to 160.4 (mean 
104.1). The mean  m a x i m u m  diameter  showed values o f  
between 4.93 gm and 7.66 gm with the mean  + SD being 
6 .47+0 .67  gin. The mean  m a x i m u m  nuclear diameter  
(7.23 gm) and the s tandard  deviat ion o f  the mean nucle- 
ar  diameter  (2.21 ~tm) o f  the MTs  were larger than those 
o f  the N M T s  (6.34 gin, 1.59 gm), respectively (P < 0.005, 
P < 0 . 0 0 5 )  (Fig. 3a, b). 

The mean  nuclear areas had  values o f  between 
14.77 gm 2 and 32.53 I.tm 2 with the mean_+SD being 
24.63_+4.32 i.tm 2. The mean  nuclear area (30.45 gm 2) 
and N / N N  ratio (36.41%) o f  the MTs  were all statisti- 
cally larger than those o f  the N M T s  (23.66 gm 2, 
23.74%) ( P < 0 . 0 0 5 ,  P < 0 . 0 0 1 )  (Fig. 3c, d). 

The number  o f  nuclei coun ted  in the MTs  (124.6) 
was slightly larger than that  in the N M T s  (100.6). The 
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mean form Ell (nuclear ellipsoidity score) or the MTs 
(755) was slightly larger than that of the NMTs (751); 
however there was no statistical difference between the 
two groups regarding these two factors. The mean form 
Ar (nuclear regularity score) of the MTs (925) was 
shown to have almost the same value as that of the 
NMTs (931). 

As mentioned above, the nuclear diameter, SD of 
the nuclear diameter, nuclear area and N/NN ratio 
proved to be reproducible parameters, and these were 
also significantly different; the four parameters were 
then used for further multiple regression analyses 
(Fig. 4). As shown by Fig. 4, each parameter could sepa- 
rate the MTs from the NMTs (1 4 in Fig. 4); however, 
the combination of nuclear area (NA) and N/NN ratio 
((-- 0.2265 x NA) + ( -  0.4597 x N/NN ratio) + 19.9536) 
was the best multiple regression formula to distinguish 
between the two groups (P < 0.005) (6 in Fig. 4). 

Comparing the nuclear grade with the morphometric 
parameters (Table 2), the mean nuclear maximum diam- 
eter of nuclear grade 1, 2 and 3 PCTs was 6.29, 6.50 
and 7.02 ~tm, respectively. Furthermore, the mean nucle- 
ar area of nuclear grade 1, 2 and 3 PCTs was 23.38, 
24.68 and 29.08 gm 2, respectively. Therefore, the mean 
nuclear maximum diameter and the mean nuclear area 
were observed to be gradually enlarging according to 
the grade. Statistically, the mean nuclear area of grade 
3 cases (29.08 ~tm 2) was significantly larger than that 
of grade 1 cases (23.38 I, tm 2) (P<0.05). 

Discussion 

PCT of the pancreas is a rare pancreatic neoplasm, and 
is known to have a generally favourable prognosis. 
There have been 17 reports, including 19 cases of metas- 
tasizing PCTs (Compagno etal .  1979; Benjamin and 
Wright 1980; Warren 1985 ; Kaufman et al. 1986; Rustin 
et al. 1986; Matsuda et al. 1987; Choi et al. 1988; To- 
dani et al. 1988; Hernandez-Maldonado et al. 1989; Ya- 
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Table 2. The relationship between nuclear grade and morphometrical parameters in papillary cystic tumours of the pancreas 

Nuclear Mean number Mean nuclear Mean nuclear Mean Mean 
grade of nuclei maximum diameter area (gm 2) Ell Ar 

(~tm) 

N/NN(%) 

Grade 1 106.1 6.29_+ 1.60 23.38"_+ 10.47 753 933 
Grade 2 101.9 6.50 + 1.70 24.68 _+ 11.67 745 924 
Grade 3 101.7 7.02_+ 1.90 29.08 * _+ 13.48 761 935 

25.76 
23.99 
28.41 

* P < 0.05 (Mann-Whitney-Wilcoxon test) 

Ell, Nuclear ellipsoidity; Ar, nuclear regularity; N/NN, nuclear/nonnuclear ratio 

maguchi et al. 1989; Cappellari et al. 1990; Matsunou 
and Konishi 1990; Zinner et al. 1990; Chu et al. 1991; 
Sclafani et al. 1991; St6mmer et al. 1991; Nishihara 
et al. 1993). Clinicopathological descriptions of malig- 
nant PCT are few. Compagno et al. (1979) reported 
histological evidence of  aggressive behaviour with capsu- 
lar invasion and extension of  tumour cells to the adja- 
cent parenchyma in a short conference abstract. Matsun- 
ou et al. (1990) described that the malignant biological 
behaviour of  PCT was associated with the age of  the 
patient. Cappellari et al. (1990) reported a metastasizing 
PCT with an increase in pleomorphism, hyperchromasia, 
and in the number of  mitoses and bizarre tumour giant 
cells. In our previous report, the nuclear grade, mitotic 
rate and venous invasion correlated with the metastatic 
potential of  PCT (Nishihara et al. 1993); however, no 
one variable alone was able to separate the MTs from 
the NMTs,  and they were still subjective. 

Using a histoquantitative technique in PCT, Cappel- 
lari et al. (1990) described malignant PCT as being an- 
euploid by flow cytometry; however, there have been 
no previous reports dealing with nuclear morphometry  
in PCT. Morphometric study of  several carcinomas in- 
cluding pancreas (K16ppel etal .  1985), breast (Baak 
et al. 1982; Lipponen and Eskelinen 1990), urinary blad- 
der (Blomjous etal .  1989), prostate (Diamond et al. 
1982), colorectal (Mitmaker et al. 1991), ovarian (Lu- 
descher et al. 1990) and renal cell (Tosi et al. 1986) have 
also been reported, and the results indicated that certain 
findings were important  in prognosis and metastatic po- 
tential. We also attempted a morphometrical  study of  
the PCT nuclei in order to make an objective description 
of  our subjective impressions obtained by light microsco- 
Py. 

Nuclear size and area have been described as correlat- 
ing with prognosis in some malignant neoplasms (Baak 
et al. 1982; Diamond et al. 1982; K16ppel et al. 1985; 
Tosi etal .  1986; Lipponen and Eskelinen 1990; Lu- 
descher et al. 1990). For instance, Tosi et al. (1986) men- 
tioned that patients with a nuclear area larger than 
32 ].tm 2 had a worse prognois than those with a smaller 
nuclear area in stage I renal cell carcinoma. In the pres- 
ent study, the mean maximum diameter and the mean 
nuclear area of  metastasizing PCTs were significantly 
larger than those of  non-metastasizing PCTs (P < 0.005, 
P<0 .005) ;  therefore these parameters were considered 
to be metastatic predictors of  PCT. 

Cellularity is also known to be one of the important  

prognostic factors in malignant tumours (Baak et al. 
1982; Ludescher et al. 1990). Ludescher etal .  (1990) 
showed nuclear density to be prognostically significant 
in advanced ovarian cancer. Three metastasizing PCTs 
also had more cellurality (mean number of  nuclei, 124.6) 
than 18 non-metastasizing PCTs (100.6). In the present 
series, however, no significant difference could be 
seen. 

Nuclear shape in morphometry  has been reported to 
reflect metastatic potential (Baak et al. 1982; Diamond 
et al. 1982) and prognosis (Baak et al. 1982; Tosi et al. 
1986; Mitmaker et al. 1991). Baak et al. (1982) described 
the relationship between axillary lymph node metastases 
and mean nuclear shape factor in breast cancer, and 
Mitmaker et al. (1991) reported the nuclear shape factor 
to be associated with prognosis in large bowel carcino- 
ma. We tried to determine whether nuclear shape was 
useful in distinguishing metastasizing PCT from non- 
metastasizing PCT by the Tosi et al. method (1986), 
however, there was no significant difference in the nucle- 
ar regularity or ellipsoidity between the two groups. Nei- 
ther nuclear ellipsoidity, nor regularity were considered 
useful in distinguishing MTs from NMTs in the current 
study. 

It is suggested that the standard deviation (SD) of  
nuclear diameter and/or  that of nuclear area represents 
nuclear pleomorphism. A few papers have shown a rela- 
tionship between the SD of the nuclear area and progno- 
sis in breast cancer (Baak et al. 1982) and urinary blad- 
der carcinoma (Lipponen and Eskelinen 1990). In the 
present series, the SD of the nuclear diameter of  PCT 
in MTs (2.21 gm) was significantly greater than that in 
NMTs (1.59 gm) ( P <  0.005), thus MTs were considered 
to show more prominent nuclear pleomorphism than 
NMTs.  However, we could not reveal any significant 
difference between the SD in the nuclear area of  MTs 
and that of  NMTs. 

As shown in Table 2, the nuclear grade of PCT ob- 
tained by light microscope observation was related to 
the mean maximum diameter and the mean nuclear area 
calculated by the image analyser. Thus, one advantage 
of  the application of morphometry  is that it provides 
an objective description of  subjective impressions. 

In conclusion, the histological variables indicative 
metastatic potential in PCT were venous invasion, nucle- 
ar grade and mitotic rate. In addition, of the several 
nuclear morphometric parameters, the mean nuclear di- 
ameter, standard deviation of nuclear diameter, mean 
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nuclear  area and  N / N N  ratio revealed signif icant  differ- 
ences between the metastasizing and  non-metas tas iz ing  
PCTs. However,  larger n u m b e r  of cases will be needed 
if the nuclear  m o r p h o m e t r y  is to be used as an addi t ional  
factor in de te rmin ing  metasta t ic  potent ial .  
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