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Abstract. In cortical adrenal gland tumours there are 
discrepancies between morphological criteria for malig- 
nancy and biological behaviour. This makes it difficult 
to select the appropiate treatment. We have studied mor- 
phometric and DNA densitometric features of  24 adrenal 
proliferative lesions (hyperplasia, adenoma, and car- 
cinoma) by means of slide cytometry. All variables have 
been correlated with pathological diagnosis. The samples 
were selected from paraffin-embedded tissue, and rep- 
resentative lesions were Feulgen stained. Densitometric 
study showed aneuploid cell lines in every carcinoma, 5 
of 8 adenomas, and 5 of 10 hyperplastic lesions. Both 
DNA nuclear content (mean ploidy of  2.11 c, 2.41 c, and 
3.05 c) mean nuclear area (average of  31.26 ktm 2, 
35.92 ktm 2, and 42.39 gm 2) showed progressive increase 
from hyperplasia to adenoma, and carcinoma. Mean 
shape factors were lowest in adenomas (1.69) and highest 
in carcinomas (1.82). Those karyometric variables which 
showed statistically significant differences (p<0.05) 
among diagnostic groups were included in a stepwise 
three-way discriminant analysis. Only three parameters, 
shape factor (p= 0.0008), mean ploidy (p= 0.0012), and 
adrenal weight (p=0.0055) persisted as independent 
predictive factors. Using the three variables selected by 
discriminant analysis on our cases, 100% of  the adeno- 
mas were correctly classified, 83 % of  the carcinomas, and 
80% of the hyperplasias. Tumour  weight and nuclear 
shape factor differentiated adrenal cortex adenoma from 
carcinoma, while mean ploidy distinguished adrenal cor- 
tical hyperplasia from carcinoma. Nuclear pleomor- 
phism (shape factor) and DNA-ploidy are the most im- 
portant  nuclear features in predicting the biological 
course of  proliferative adrenal cortex lesions, although 
by themselves they are not bona-fide discriminators. 
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mia Patol6gica, Hospital Universitario "Virgen Macarena", Avda. 
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Introduction 

Recent advances in molecular genetics suggest that in the 
initial stage of  oncogenesis there is a modification in gene 
re-ordering which leads to altered gene expression (by 
mutation or chromosomal translocation), or amplifica- 
tion (Tomasi 1986). For  this reason, many studies have 
been made of  nuclear D N A  content using flow cytometry 
or image analysis (static cytometry) (Friedlanders et al. 
1984; Dressler and Barton 1989; Seckinger et al. 1989). 
Initially, aneuploid D N A  content was considered to be 
a specific marker  of  malignancy and was said to correlate 
with a more sombre prognosis (Friedlanders 1984; 
Dressler and Barton 1989). However, later studies re- 
vealed aneuploid clonal populations in benign tumours 
(Joensun et al. 1986; Joensun and Klemi 1988). 

In general, there is a correlation between nuclear vol- 
ume and nuclear D N A  content:  15 % of  dry weight nu- 
clear mass corresponds to D N A  of  approximately 5 7 pg 
(Montironi et al. 1985). Changes in D N A  are manifested 
in nuclear volume and nuclear area, this being the basis 
for the application of  conventional morphometr ic  mea- 
surements (nuclear area, perimeter and form factor). 
These measurements identify classic characteristics of  
neoplastic cells: pleomorphism, increased nuclear size 
and nucleus-cytoplasm ratio, loss of  polarity, etc. (Baak 
and Oort  1983). 

This study evaluated the morphometr ic  and den- 
sitometric features of  benign and malignant adrenal cor- 
tical lesions to investigate nuclear variables predictive of  
the biological evolution of  the disease. 

Materials and methods 

We evaluated 24 cases of adrenal cortex pathology classified by 
WHO criteria as nodular or diffuse hyperplasia (10 cases), adenoma 
(8 cases), or carcinoma (6 cases). All came from the archives of the 
Department of Pathology of the University of Seville Medical 
School. We also studied 8 cases of histologically normal adrenal 
gland (from autopsies) as controls. The material was fixed in 10% 
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buffered formalin and embedded in paraffin following routine 
processing methods. Representative 4 gm thick slices were stained 
using the Feulgen technique (Deitch 1966) and mounted on Per- 
mount. For each case age, sex, follow-up, and morphological fea- 
tures were known (Table 1). 

The karyometric study was carried out at the Analytic and 
Quantitative Cytology Laboratory of the University of Chicago 
using the MicroTICAS system (Dytch et al. 1986; Puls et al. 1986). 
At least 100 complete and non-overlapping nuclei in each prepara- 
tion were quantified. This system permits measurement of integral 
optical density (extinction) and other cytometric parameters like 
nuclear area (by the number of pixels occupied by the nucleus) and 
the nuclear form factor (perimeter2/4narea). The diploid controls 
used in all cases were non-activated lymphocytes present in the same 
preparation; at least 30 nuclei from each preparation were mea- 
sured. With quantitative variables, the average, the standard devia- 
tion and the variation coefficient were selected as representative 
values of measured cells. 

Using the nuclear integral optical density histograms, qualita- 
tive and quantitative study were made to identify clonal subpopula- 
tions. The corresponding DNA indices were calculated and the 
cellular proliferation was categorized (Dressier and Barton 1989, 
Table 2). 

Nuclear integral optical density values were used to calculate 
mean ploidy (as referred to the diploid control, expressed in relative 
DNA units), the 2c deviation index [2cDI = Z(Ci-2c)/n], and the 
percentage of cells with aneuploid nuclear DNA content over 5c 
that are not exponent of 2 (5c exceeding rate, 5cER) (Brcking et al. 
1984; B6cking and Auffermann 1986). 

In the statistical analysis the arithmetic mean, standard devia- 
tion, and variation coefficient were calculated for all the variables 
in each pathological group. To establish the significance of differ- 
ences, the variables obtained for each group were evaluated with the 
Kruskal-Wallis test. Significant variables (p < 0.05) were used for a 

Table 1. Adrenal lesions. General features 

Case Diagnoses Age Sex Follow-up Weight 

Status Time (g) 
(months) 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1 Hyperplasia 
2 Hyperplasia 
3 Hyperplasia 
4 Hyperplasia 
5 Hyperplasia 

Hyperplasia 
Hyperplasia 
Hyperplasia 
Hyperplasia 
Hyperplasia 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Adenoma 
Carcinoma 
Carcinoma 
Carcinoma 
Carcinoma 
Carcinoma 
Carcinoma 

25 F AD 96 10 
50 F AD 65 94 
39 F AD 63 14 
40 F AD 60 ? 
62 F AD 48 12.5 
23 F AD 24 22 
23 F AD 24 ? 
38 F AD 15 ? 
45 F AD 131 6 
53 F AD 123 ? 
57 F AD 96 36 
33 F AD 75 7 
60 F AD 72 8 
49 F AD 36 8 
47 F AD 27 14 
38 F AD 24 11 
41 F AD 24 5 
44 F AD 24 7.5 

7 F AD 120 6O 
55 M DD 12 850 
58 F DD 6 1320 
50 M DD 12 20 
57 F DD 3 50 
34 M DD 36 1110 

AD, Alive without evidence of disease; DD, dead related to the 
disease 

Table 2. Classification of cellular proliferation by DNA indices 

DNA index (D.I.) Ploidy categorization 

0.95- 1.10 Diploid 

= (0.95- 1.10) Aneuploid 
< 0.95 Hypodiploid 

1.10 - 1.90 Hyperdiploid 
1.90- 2.20 Tetraploid 

> 2.20 Hypertetraploid 

> 2 D.I. = (0.95- 1 . 1 0 )  Multiploid 

Modified from Dressier, Bartow (4). 

stepwise discriminant analysis; the coefficients of classifying func- 
tion and the classification matrix were calculated. All mathematical 
studies were made with the BMDP statistical package. 

R e s u l t s  

Average  pa t i en t  age at  the  t ime o f  d iagnos is  was 39.8 
years  (_+ 12.6 years  SD)  for  hyperp las ia ,  43.6 (_+ 6.4 years  
SD) for  a d e n o m a ,  and  43.5 years  (_+ 18.2 years  SD) for  
ca rc inoma .  F e m a l e  (21 cases) p r e d o m i n a t e d  over  males  
(3 cases, all d i agnosed  h is to logica l ly  as ca rc inoma) .  In  
re la t ion  to ad rena l  weight ,  a posi t ive  f inding was c lear :  
m i n i m u m  weight  ident if ied a d e n o m a s  (12.1 _+ 10.1 g SD)  
and  m a x i m u m  weight  c a r c i n o m a  (568.3_+594.2 g SD),  
wi th  hype rp l a s i a  occupy ing  an in t e rmed ia te  pos i t i on  
(26.4_+33.5 g SD). 

The  results  o f  c onve n t i ona l  m o r p h o m e t r y  are  shown 
in Tab le  3. A progress ive  inc rement  in nuclear  a rea  (bo th  
m e a n  and  s t a n d a r d  dev ia t ion)  is obse rved  f rom hyper -  
p las ia  to c a r c i n o m a ;  the  nuc lear  fo rm fac tor  exhibi ts  a 
t r end  s imi lar  to ad rena l  weight  d i s t r ibu t ion .  

Ana lys i s  o f  nuc lear  in tegra l  opt ica l  densi ty  h i s t o g r a m  
led to  ind iv idua l i za t ion  o f  27 c lona l  s u b p o p u l a t i o n s  wi th  
D N A  indices f rom 0.88 to 1.88. On ly  3 cases h a d  2 
s u b p o p u l a t i o n s  (2 a d e n o m a s  and  1 ca r c inoma) ;  20 cases 
had  on ly  one subpopu la t i on .  The  r ema in ing  h i s t o g r a m  
was aneup lo id  bu t  unclassif iable .  

M e a n  D N A  index o f  the  c lonal  p o p u l a t i o n s  ident if ied 
was 0.98 for  hype rp l a s i a  (0.88-1.10 range) ,  1.31 for  
a d e n o m a  (1.00-1.88 range)  and  1.39 for  c a r c i n o m a  
(1.00-1.88 range) .  Each  lesion was cha rac te r i zed :  8 were 
d ip lo id ,  3 aneup lo id  wi th  a d ip lo id  subpopu la t i on ,  and  
12 aneup lo id  w i thou t  a d ip lo id  subpopu la t i on .  One case 
o f  c a r c i n o m a  showed an  aneup lo id  h i s t og ram with-  
ou t  d e m o n s t r a t i n g  a p r e d o m i n a n t  cel lular  p o p u l a t i o n  
(Table 4). In  none  o f  the cases was polyplo id iza t ion ,  mul t i -  
p lo id iza t ion ,  or  a t e t r ap lo id  cell p o p u l a t i o n  observed.  
Table  3 summar izes  the results  o f  c y t o m o r p h o m e t r y  
(mean  p lo idy ,  2cDI,  and  5cER).  A progress ive  inc remen t  
in all these p a r a m e t e r s  f rom hype rp l a s i a  to c a r c i n o m a  is 
appa ren t .  

The  K ruska l l -Wa l l i s  test  showed  s ta t is t ical ly  signifi- 
can t  differences a m o n g  the three g roups  (hyperp las ia ,  
a d e n o m a ,  and  c a r c inoma )  wi th  the  fo l lowing var i -  
ables:  ad rena l  weight  (p=0 .0055) ,  m e a n  nuc lear  a rea  
(p = 0.0118), m e a n  nuc lear  f o rm  fac tor  (p = 0.0008), s tan-  
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Variables Hyperplasias Adenomas Carcinomas 

Average S.D. C.V. Average S.D. C.V. Average S.D. C.V. 

Area (average) 31.257 6.995 0.224 35.920 6.417 0.179 42.385 5.511 0.130 
Area (S.D.) 7.287 3.571 0.490 8.314 3.197 0.385 13.452 3.761 0.280 
Form factor (average) 1.715 0.019 0.011 1.689 0.020 0.012 1.822 0.081 0.045 
Form factor (S.D.) 0.148 0.026 0.178 0.128 0.018 0.144 0.200 0.041 0.205 
Ploidy (average) 2.113 0.259 0.123 2.413 0.197 0.082 3.048 0.493 0.162 
Ploidy (S.D.) 0.545 0.321 0.589 0.744 0.190 0.255 1.135 0.269 0.237 
2cDI 0.447 0.530 1.188 0.784 0.440 0.562 2.588 1.533 0.592 
5cER 0.585 0.907 1.550 1.629 1.737 1.067 11.060 8.137 0.736 

S.D., Standard deviation; C.V., coefficient of variation; 2cDI, 2c deviation index; 5cER, 5c exceeding rate 

Table 4. DNA ploidy category distribution in cases of proliferative 
adrenal lesions 

Ploidy" Hyperplasias Adenomas Carcinomas 
No. (%) No. (%) No. (%) 

Table 6. Classification matrix after applying discriminant function 
in proliferative adrenal lesions 

Working group No. of Predictive group 
(W.H.O.) cases Hyperplasias Adenomas Carcinomas 

(A) (B) (C) Diploid 5 (50) 3 (37.5) - 

Aneuploid Hyperplasias (A) 10 3 2 0 
+ diploid subpopul. - 2 (25) b 1 (20) b 80% 20% 0% 
- diploid subpopul. 5 (50) r 3 (37.5) b 4 (80) b Adenomas (B) 8 0 8 0 

Total 10 (100) 8 (100) 5 (100) d 0% 100% 0% 
Carcinomas (C) 6 1 0 5 

a Based on Dressier, Bartow (4) 17% 0% 83% 
b All aneuploid cellular subpopulations were hyperdiploid 
c All cases were hypodiploid 
d One case of carcinoma showed an aneuploid histogram without 
identifying a predominant cellular population 

Percent of cases correctly classified: 90 % 

Table 5. Independent predictive variables 
in proliferative adrenal lesions with their 
corresponding classification functions 

Variables Group A Group B Group C 

Form factor (average) 2756.428 2664.596 2917.641 
(adimensional) 

Ploidy (average) - 199.451 - 189.272 - 204.101 
(relative units) 

Adrenal weight (average) 0.295 0.284 0.316 
(grames) 

Constant - 2157.874 - 2024.422 - 2437.333 
(adimensional) 

dard  deviat ion o f  the nuclear fo rm factor  ( p =  0.0052), 
mean  ploidy (p=  0.0012), s tandard  deviat ion o f  the 
ploidy (p = 0.0024), 2cDI  (p = 0.0012), 5cER (p = 0.0009), 
and the lowest (p = 0.0108) and highest (p = 0.0023) D N A  
indices for each case. 

Significant variables (p < 0.05) were evaluated by dis- 
cr iminant  analysis. M e a n  nuclear  fo rm factor,  mean  
ploidy, and mean  adrenal  weight  retained independent  
predictive value. The eight other  variables tha t  were 
significant in unvariate  analysis lost their value in mul- 
tivariate study. 

The stepwise three-way discr iminant  analysis yielded 
the classification funct ion shown in Table 5 and the 
classification matr ix  in Table 6. Using the three variables 
selected by discr iminant  analysis on our  s tudy cases, 
100% o f  the adenomas  were correct ly classified, 83 % o f  
the carcinomas,  and 80% o f  the hyperplasias.  

New cases can be assigned to the g roup  for  which the 
largest global  discriminant  funct ion score was obtained,  
with a probabi l i ty  o f  accuracy  o f  90% if: (a) the three 
diagnostic  condi t ions  (hyperplasia,  adenoma,  car- 
c inoma)  occurred in equal p ropor t ions  and  (b) we used 
the selected variables and  classification funct ion as we 
did. Each  global discr iminant  funct ion score (in groups  
A, B and C) is obta ined mult iplying the numeric  value 
o f  every variable by its cor responding  par t icular  score. 

Discuss ion  

In  adrenal  pa thology,  as in mos t  endocr ine  pa thology,  
there is discrepancy between the morpho log ica l  criteria 
for mal ignancy  and  the biological behaviour  o f  the 
lesions, which makes  it difficult to select appropr ia te  
treatment.  
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Table 7. Sets of criteria that claim to distinguish reliably benign from malignant adrenocortical neoplasia 

Hough et al. (1979) Weiss (1984) Van Slooten et al. (1985) 

Diffuse growth pattern 
Vascular invasion 

Tumour cell necrosis 
Broad fibrous bands 
Capsular invasion 
Mitotic index 

(1 per 10 HPF) 
Pleomorphism 
Tumour mass> 100 g 
Raised urinary 

17. Ketosteroids 
Abnormal response to ACTH 
Virilism 
Cushing's syndrome 
Weight loss 

High nuclear grade 
Mitotic index 

(> 5 per 10 HPF) 
Atypical mitotic figures 
Cellular eosinophilia 
Diffuse growth pattern 
Necrosis 

Venous invasion 
Sinusoidal invasion 
Capsular invasion 

Extensive regressive changes 
Loss normal structure 

Nuclear atypia 
Nuclear hyperchromasia 
Abnormal nucleoli 
Mitotic index 

(2 per 10 HPF) 
Vascular or capsular invasion 

In recent decades, three different sets of criteria have 
been published that claim to distinguish benign from 
malignant adrenocortical neoplasms reliably (Hough et 
al. 1979; Weiss 1984; Van Slooten et al. 1985) (Table 7). 
Although each system has an excellent predictive value, 
there is not complete concordance among them (Hosaka 
et al. 1987; Ribeiro et al. 1990). Generally, adrenal car- 
cinoma is defined by necrosis, tumour weight over 100 g, 
presence of broad bands of fibrosis and a diffuse growth 
pattern (Page et al. 1985). Nonetheless, only the existence 
of metastases indicates malignant behaviour for these 
neoplasms. 

On the variables we studied, nuclear form factor (both 
mean and standard deviation), 5cER, and tumour weight 
showed significant differences between adenoma and car- 
cinoma. Nuclear form factor and tumour weight both 
exhibit a similar trend toward maximum value in car- 
cinomas and minimum value in adenomas. This suggests 
that carcinoma cells present more irregular nuclear forms 
(form factor further from the value corresponding to a 
perfect circle) and greater morphological variability 
(larger standard deviation of the nuclear form factor). 
This agrees with general criteria for malignant neo- 
plasms, but the diagnostic utility of such characteristics 
requires additional study. In discriminant analysis, only 
the mean nuclear form factor retained independent 
predictive value. 

In concurrence with Hosaka and colleagues (Hosaka 
et al. 1987), we did not find prognostic differences be- 
tween patients with large carcinomas and those with 
small tumours, although our series was small and large 
tumours predominated (average tumour weight 568.3 g). 
Only one patient is alive after 10 years of follow-up; she 
was a 7-years-old girl that had a tumour weighing 60 g. 
This case, which showed all the classic histological 
criteria for the diagnosis of corticoadrenal carcinoma, 
probably should be reclassified as benign, since our dis- 
criminant analysis placed it in the hyperplasia group and 
it is a small tumour. In a comparative study of adreno- 
cortical carcinoma in children and adults, the size was the 

only morphological predictor of the biological behaviour 
in paediatric patients (Cagle et al. 1986). Although the 
average adrenal weight could differentiate adenomas 
from carcinomas, we found weight overlap: a case of 
adenoma weighed 36 g whereas another of carcinoma 
had 20 g. This finding was probably due to the broad 
range of weight present in malignant tumours of the 
adrenal cortex. 

In the hyperplastic glands the entire parenchyma is 
irregularly proliferated. Of the variables that established 
statistically significant differences between groups, only 
the major DNA index differentiated hyperplasia from 
adenoma; all the variables discriminated between hyper- 
plasia and carcinoma. These results call into question the 
hyperplasia-adenoma distinction, since the major DNA 
index lost its independent predictive value in discrimi- 
nant analysis. 

Mean ploidy conserved its independent predictive val- 
ue, and differentiated hyperplasia from carcinoma. Our 
results, like those of other studies (Amberson et al. 1987; 
Hosaka et al. 1987; Joensuu et al. 1989; Rainwater et al. 
1989; Venkatesh et al. 1989; Cibas et al. 1990; Padberg 
et al. 1991) indicate that neither heterogeneity of DNA 
content, nor aneuploidy are conclusive diagnostic 
characteristics for malignancy. This contrasts with other 
studies in which aneuploidy, with diverse proportions of 
diploid cells, was found only in malignant tumours 
(Klein et al. 1985; Blowlby et al. 1986). However, the 
aneuploidy detected in hyperplasia (5 of 10 cases were 
hypodiploid) is close to that of the normal adrenal gland 
(where hypodiploidy is seen in 5 of 8 cases studied). 
Adenoma and carcinoma exhibited hyperdiploidy. In 
general, mean cytophotometry values (mean ploidy and 
DNA index) demonstrate that hyperplasias are in the 
diploid range (mean ploidy 2.11, DNA index 0.98), while 
both adenoma (mean ploidy 2.41, DNA index 1.31) and 
carcinoma (mean ploidy 3.05, DNA index 1.39) are in the 
hyperdiploid range (Fig. 1). Taylor et al. (1987) inves- 
tigated the value of nuclear DNA analysis in adrenocor- 
tical tumours in children and have found abnormal DNA 
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Fig. 1. Histograms of nuclear integral optical density from prolifera- 
tive adrenal lesions, a) Shows a diploid and b) a hyperdiploid range 
of DNA content 

pattern in all primary lesions that subsequently metas- 
tasized. 

Finally, keeping in mind the requirements set at the 
end of the Results, we can classify new cases into diag- 
nostic subgroups with an accuracy of 90 %. Although the 
application of this method requires technical support not 
available in every laboratory, it has the advantage of 
simplicity: In each patient only three variables are deter- 
mined and none of them are clinical. At present, the sets 
of diagnostic and prognostic criteria for adrenal car- 
cinoma (Hough et al. 1979; Weiss 1984; van Slooten et 
al. 1985) take into consideration several parameters with 
varying importance. Both Weiss (1984) and van Slooten 
et al. (1985) assign the same value to each variable, but 
Hough et al. (1979), like us, provides each variable with 
relevance in relation to its relative importance (deter- 
mined by a mathematical model). With our model, for 
example, a corticoadrenal lesion of 570 g weight, form 

factor (average): 1.822 and ploidy (average): 3.048 rela- 
tive units gives the highest global discriminant function 
score in group C, and therefore would be classified as 
carcinoma. 

In conclusion, tumour weight and nuclear form factor 
differentiate adrenal cortex adenoma from carcinoma, 
while mean ploidy distinguishes adrenal cortical hyper- 
plasia from carcinoma. The presence of aneuploidy is 
compatible with both benign histology and biological 
course. 
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