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Paragangliomas 
Static Cytometric Studies of Nuclear DNA Patterns 

Ricardo Gonza'lez-Ca'mpora, M.D.," Salvador Diaz Cano, M.D.,* 
Enrique Lernza-Puertas, M.D.,* Juan Jose Rios Martin, M.D.," 
Manuel Salguero Villadiego, M.D.,* Jose L. Villar Rodriguez, M.D.,* 
Marlucr Bibbo, M.D.,? and Hugo Galera Davidson, M.D.* 

Background. The biologic behavior of most para- 
gangliomas cannot be predicted from their histologic ap- 
pearance. Recently, cytometric studies have found an as- 
sociation between an aggressive clinical behavior and 
the presence of a hyperdiploid or tetraploid range in the 
DNA nuclear content. 

Methods. The authors have studied morphometric 
(nuclear area and nuclear form factor) and DNA densito- 
metric (integral optical density and DNA ploidy) features 
of 23 cases of paraganglioma by means of slide cytopho- 
tometry with the microTICAS system (University of Chi- 
cago, Chicago, IL). The samples were selected from paraf- 
fin-embedded tissue, and representative sections were 
stained with the Feulgen technique. The differences be- 
tween groups (cervical versus extracervical paraganglio- 
mas) were investigated with the Mann-Whitney test and 
Fisher discriminant linear function. 

Results. The densitometric study showed aneu- 
ploid cell lines in 15 of 16 noncervical paragangliomas 
(with a DNA index within the tetraploid range), whereas 
3 of 7 cervical paragangliomas were aneuploid and only 1 
case did not have not a diploid cell line (with a DNA in- 
dex within the peridiploid range). Mean ploidy (4.33 arbi- 
trary units [AU] and 2.72 AU, respectively), nuclear area 
(58.74 pmz and 32.08 pmz, respectively), the minor and 
major DNA indices (1.09-1.24 and 1.83-1.96, respec- 
tively), and DNA content variability (2c deviation indices 
[ZcDI] of 8.62 and 1.88 AU, respectively) were higher in 
noncervical paragangliomas. With Fisher linear discrimi- 
nant function, mean nuclear area (P = 0.0008), 2cDI ( P  
= 0.0030), and the minor DNA index of each cell prolifera- 
tion were correlated with location. None of the variables 
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established statistically significant differences in compar- 
isons of malignant and benign paragangliomas. 

Conclusions. Karyometric and DNA densitometric 
parameters have limited value in determining the prog- 
nosis of paragangliomas, although they are correlated 
with tumoral location, which is still an indicator in es- 
tablishing the prognosis of these neoplasms. Cancer 
1993; 71:820-4. 
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Paragangliomas are uncommon tumors composed pre- 
dominantly of cells with presumptive evidence of dif- 
ferentiation toward paraganglioma chief cells. They 
have been classified with several criteria: anatomic dis- 
tributions, capacity to reduce chromic acid, relationship 
with anatomic nervous system, and functional activity.' 

The biologic behavior of most paragangliomas is 
usually benign, and it cannot be predicted from their 
histologic appearance; metastasis is the only bona fide 
criterion of a malignant condition. Nevertheless, a me- 
diastinal or retroperitoneal l ~ c a t i o n ~ , ~  and certain mor- 
phologic features, such as nonencapsulation, high mi- 
totic activity, the presence of necrosis, the absence of 
hyaline globules, coarse granularity, and decreased im- 
munohistochemical reactivity to ne~ropeptides,~,~ have 
been correlated with a clinical malignant condition. 

Cytometric studies of tumors of different types and 
locations have been correlated with clinical o ~ t c o m e . ~ , ~  
In paraganglionic tumors, previous ~ t u d i e s ~ , ~  have 
found an association between aggressive clinical behav- 
ior and the presence of a hyperdiploid or tetraploid 
range in the DNA nuclear content. 

In the current study, we examined the morphomet- 
ric and densitometric characteristics of 23 paraganglio- 
mas from different locations to determine whether 
there are nuclear markers that can help predict the 
course of the disease. 
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Materials and Methods Table 2. Classification of Cellular Proliferation by DNA 
Indices* 

This study was based on 23 cases of paraganglioma: 7 
cervical and 16 noncervical (1 3 pheochromocytomas 
and 3 paraaortic and retroperitoneal paragangliomas). 
Specimens came from the archives of the Pathology 
Department of the University of Seville Medical School. 
For microscopic study, representative samples of the 
material were fixed in 10% buffered formaldehyde so- 
lution and embedded in paraffin by routine processing 
procedures. Four-micron-thick slices were stained with 
the Feulgen technique' and mounted in Permount. For 
each case, patient age and sex, history, and weight were 
known (Table 1). 

Karyometric studies were performed at the Labora- 
tory of Analytic and Quantitative Cytology of the Uni- 
versity of Chicago with the MicroTICAS system (Uni- 
versity of Chicago, Chicago, IL).'o*" At least 100 com- 
plete and nonoverlapping nuclei from each preparation 
were quantified. This system enables measurement of 
integral optical density (extinction) and other cytomet- 
ric parameters, such as nuclear area (based on the num- 
ber of pixels occupied by the nucleus) and nuclear form 
factor (perimeter/4* area). The diploid controls used in 
all cases were inactive lymphocytes obtained from the 

Table 1. Paragangliomas: General Features 

Patient Age Time Weight 
no. (yr) Sex Site Follow-up (mo) (g) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

34 M 
78 F 
22 M 
29 M 
26 F 
41 F 
19 F 
26 F 
57 F 
14 M 
45 M 
42 F 
51 M 
30 F 
55 F 
68 F 
51 F 
87 M 
76 M 

8 M  
51 F 
56 F 
60 F 

Adrenal 
Adrenal 
Adrenal 
Adrenal 
Adrenal (8)  
Adrenal 
Adrenal (B) 
Adrenal 
Adrenal 
Adrenal 
Adrenal 
Adrenal 
Adrenal 
Paraaortic 
Cervical 
Cervical 
Cervical 
Cervical 
Cervical 
Cervical 
Cervical 
Paraaortic 
Paraarotic 

AWD 
AWD 
AD 
AWD 
AWD 
DWD 
DWD 
AU'D 
AU'D 
AWD 
AWD 
AWD 
DD 
DD 
AWD 
AWD 
AWD 
AWD 
AWD 
AWD 
AWD 
DD 
DD 

30 20 
31 186 

131 480 
120 80 
120 330 

45 40 
30 75 
96 120 
84 12 
75 220 
60 330 
54 12 
23 31 
65 820 
51 6 
48 50 
30 14 
18 20 
88 7 
64 5 
27 20 
17  7 
15 225 

DNA index Ploidy categorization 

0.95-1.10 Diploid 
(0.95-1.10) Aneuploid 
c 0.95 Hypodiploid 
1.10-1.90 Hyperdiploid 
1.90-2.20 Tetraploid 
> 2.20 Hypertettraploid 

2 2 D1 = (0.95-1.10) 
DI: DNA index. 
* Based on Dressler and Bartow.I2 

Multiploid 

same preparation; at least 30 lymphocyte nuclei from 
each preparation were measured. 

With the use of nuclear integral optical density his- 
tograms, a qualitative and quantitative study was per- 
formed to identify clonal subpopulations; the DNA in- 
dex of each clonal subpopulation was calculated, and 
the cellular proliferation was categorized12 (Table 2). 

Nuclear integral optical density values were used to 
calculate mean ploidy (compared with the diploid con- 
trol and expressed in relative DNA units), the 2c devia- 
tion index (2cDI = C [Ci - 2c]/n), and the percentage of 
cells with an aneuploid nuclear DNA content higher 
than 5c that is not an exponent of 2 (5c exceeding rate 
[ 5 cER]). l3 ,I4 

In the statistical analysis, all variables were charac- 
terized for each pathologic group to obtain the arithme- 
tic mean, standard deviation, and variation coefficient. 
To establish the existence of significant differences, we 
compared the variables studied in each group with the 
Mann-Whitney test. Significant variables (P < 0.05) 
were selected for Fisher discriminant linear function, 
and the coefficients of classifying function and classifi- 
cation matrix were calculated. All mathematical studies 
were performed with the BMDP statistical package. 

Results 

The age range of patients with cervical paraganglioma 
was 8-87 years (56.6 f 17.0 years standard deviation 
[SD]). Among the 14 women and 9 men in the study, 
female patients predominated for cervical (4 women, 3 
men) and extracervical paraganglioma (1 0 women, 6 
men). Tumor weight varied widely, especially for extra- 
cervical paragangliomas (range, 7-820 g; 186.8 -+ 213.0 
g standard deviation); cervical paragangliomas had a 
narrower range (range, 5-50 g; 17.0 _t 15.7 g standard 
deviation). 

The results obtained from studvine conventional ~~, " ~~ ~ .~ ~~ ~~ ~ ~ ~~ ~ 

AWD: alive without evidence of disease; AD: alive with disease; DWD: dead 
without evidence of disease; DD: dead related to the disease; B: bilateral. 

morphometric characters are shown in Table 3. Both 
the nuclear area and nuclear form factor (mean and 
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Table 3. Morphornetric and DNA Densitometric Nuclear Results in Paragangliomas 
~~ ~ 

Noncervical paraganglioma Cervical paraganglioma 

Variable Averane SD cv Average SD cv 
Area (average) 58.739 10.293 0.175 32.083 8.926 0.278 
Area (SD) 19.092 5.152 0.270 9.841 4.217 0.429 
Form factor (average) 1.889 0.101 0.054 1.841 0.077 0.042 
Form factor (SD) 0.243 0.049 0.201 0.221 0.038 0.172 
DNA ploidy (average) 4.332 0.778 0.180 2.716 0.434 0.160 
DNA ploidy (SD) 1.534 0.559 0.365 1.043 0.387 0.372 
2cD1 8.618 5.292 0.614 1.877 1.322 0.705 
5cER 30.055 19.660 0.654 4.187 3.095 0.739 
Minor DNA index 1.825 0.263 0.144 1.086 0.118 0.109 
Major DNA index 1.958 0.378 0.193 1.240 0.249 0.201 
DNA index (difference) 0.133 0.334 2.506 0.154 0.267 1.728 

SD: standard deviation; CV: coefficient of variation; 2cDI: 2c deviation index; 5cER: 5c exceeding rate. 

standard deviation) were larger in extracervical para- 
gangliomas. 

Integral optical density histograms showed a pre- 
dominance of paragangliomas with a single cell line (9 
of the 23 analyzed) in both extracervical (4 of 16) and 
cervical paragangliomas (5 of 7). In accordance with the 
criteria of Dressler and Bartow,12 a total of 27 clonal 
subpopulations with a DNA index within the tetraploid 
range were identified among the cases of extracervical 
paraganglioma (1 8 subpopulations, mean minor DNA 
index of 1.83, and mean major DNA index of 1.96) and 
in the peridiploid range among the cases of cervical 
paraganglioma (9 subpopulations, mean minor DNA 
index of 1.09, and mean major DNA index of 1.24) (Fig. 
1). We did not encounter polyploidization, and only 
two cases were multiploid (both extracervical). The dis- 
tribution of the clonal subpopulations is seen in Table 4. 

Mean ploidy results differ from DNA index results: 
extracervical paragangliomas were in the tetraploid 
range (mean, 4.33 k 0.78 standard deviation), whereas 
cervical paragangliomas were close to triploidy (aver- 
age, 2.72; standard deviation, 0.43). The variables de- 
fined by Bocking et al. (2cDI and 5cER)13,14 were greater 
in extracervical paragangliomas than in cervical para- 
gangliomas (Table 3). 

With the Mann-Whitney test, statistically signifi- 
cant differences between extracervical and cervical par- 
agangliomas were established with the following vari- 
ables: weight ( P  = 0.0096), mean nuclear area (P 
= 0.0008), standard deviation of the nuclear area ( P  
= 0.0023), mean ploidy (P = 0.0008), 2cDI ( P  
= 0.0030), 5cER ( P  = 0.0030), and the minor (P 
= 0.0004) and major ( P  = 0.0009) DNA indices for each 
case. All these variables were examined with Fisher lin- 
ear discriminant analysis; mean nuclear area, the 2c 
standard deviation index, and the minor DNA index of 
each cell proliferation conserved their independent 

predictive value, and the coefficients of classifying 
function are shown in Table 5. The five remaining vari- 
ables lost their predictive value with multivariate 
analysis. 

With the individual coefficients obtained for each 
variable in each group (extracervical and cervical), we 
can calculate a global coefficient for each group by mul- 
tiplying the individual coefficients by the numeric 
value of the corresponding variable. New cases will be 
classified into the group for which the highest global 
coefficient is obtained. Two examples of extracervical 
and cervical paraganglioma are shown in Table 6. 

Application of these results to the cases studied 
here resulted in correct classification of 100% of the 
cases with the variables selected by Fisher discriminant 
linear function (Table 7). 

Of the paragangliomas that had a fatal outcome (in 
four patients), three were paraaortic and one was adre- 
nal. The paraaortic paragangliomas were diploid (one 
case) or hyperdiploid (two cases). Karyometric values 
were intermediate between the noncervical and cervical 
paragangliomas (ranges: nuclear area, 27.89-37.25 

Table 4. DNA Ploidy Category Distribution in 
Paragangliomas 

No. of No. of 
noncervical cervical 

DNA ploidy* (YO) (0%) 

Diploid l(6.25) 4 (57.14) 
Aneuploid 

+ diploid subpop. 0 (0.00) 2 (28.57) 
- diploid subpop. 4 (25.00) l(14.29) 

Tetraploid 9 (56.25) 0 (0.00) 
Multiploid 2 (12.50) 0 (0.00) 
Total 16 (100.0) 7 (100.0) 

* Based on Dressler and Bartow.I2 
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Figure 1. Histograms from (top) diploid and (bottom) tetraploid 
tumors. 

Table 6. Two Applicative Examples of Discriminant 
Analysis in Paragangliomas 

Example 1 

The results of cytomorphometric study of a paraganglioma were 
the following: nuclear area (average) = 58.739 pmZ; 2cDI = 8.618 
AU; minor DNA index = 1.825. 

In this case, the coefficients are: 

Parameters Coeff. A Coeff. B 

Nuclear area (average) 88.226 54.745 
2cDI -31.456 -21.674 
Minor DNA index 168.530 108.507 

111.940 96.020 

In this example, as the coefficient A is higher than the coefficient B, 

Constant -113.360 -45.558 

the tumor is noncervical, with an accuracy of 100.0% 

Example 2 

The results of cytomorphometric study of a paraganglioma were 
the following: nuclear area (average) = 32.083 pm’; 2cDI = 1.877 
AU; minor DNA index = 1.086. 

In this case, the coefficients are: 

Parameters Coeff. A Coeff. B 

Nuclear area (average) 48.189 29.901 

Minor DNA index 100.287 64.569 
Constant -113.360 -45.558 

28.265 44.191 

In this example, as the coefficient B is higher than the coefficient A, 

2cDI -6.851 -4.721 

the tumor is cervical, with an accuracy of 100.0%. 
2cDI: 2c deviation index; AU. arbitrary units. 

omas: area, 62.77 pm2; nuclear form factor, 1.90; 
ploidy, 4.24 AU; 2cD1, 7.05 AU; and 5cER, 21.95%. 
None of the variables established statistically signifi- 
cant differences in comparisons of malignant and be- 
nign paragangliomas. 

Discussion 

In several studies, it has been observed that the evolu- 
tion Of these On the site Of the Primary 

pm’; nuclear form factor, 1.78-1.87; ploidy, 2.60-2.75 
arbitrary units (AU); 2cD1, 1.54--3.00 AU; and 5cER, 
3.53-7.25%). The malignant adrenal paraganglioma 
was tetraploid and exhibited karyometric variables sig- 
nificantly larger than those of the paraaortic paragangli- 

Table 5. Parameters With Independent Predictive Value 
in Relation to Paraganglioma Location, and Their 
Corresponding Classification Coefficient Predictive group 

Parameter Noncervical Cervical Working group No. of cases Noncervicnl Cervicul 

Nuclear area (average) 1502  0 932 Noncervical 16 16 0 
2cDI -3 650 -2 515 100 0% 0 0% 
Minor DNA index 92 345 59 456 Cervical 7 0 7 
Constant -113 360 -45 558 0 0% 100 0% 

Table 7. Ch~sification of Function Results in 
Paragangliomas* 

2cDI 2c deviation index * Percent of cases correctly classihed 100 0% 
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neoplasm. Aggressive biologic behavior has been con- 
firmed, particularly in mediastina13 and retroperitoneal 
tumors.' Of our patients, only four died of the neo- 
plasm, so no conclusions can be drawn. However, all of 
the tumors causing death were extracervical (one adre- 
nal). The other features correlated with prognosis are all 
highly variable. Although it is affirmed that malignant 
paragangliomas tend to be larger than benign para- 
gangli~mas,'~ weights differed widely and there was 
considerable overlap. In our patients who died, tumor 
weights ranged from 7 to 820 g. Histologic features that 
have been correlated with a high incidence of metasta- 
sis in paraganglioma~,~,~, '~-'~ such as nonencapsulation, 
necrosis, neural and vascular invasion, and high mitotic 
index, showed no significant differences in our series. 

Previous cytomorphometric studies7,' affirmed 
that, when these neoplasms have a benign biologic 
course, their DNA content is in the diploid range, but 
with great variability, whereas those with an aggressive 
biologic course are in the hyperdiploid or tetraploid 
range, but show less variability in DNA content. Our 
cases with unfavorable evolution tended to confirm 
this: one was diploid, one tetraploid, and two hyperdip- 
loid, and the range of distribution of the DNA content 
was low (the 2cDI range was 0.99-1.63 AU). However, 
the presence of an aneuploid peak does not preclude 
benign biologic beha~ior . '~ , '~  In our cases, nondiploid 
DNA values were found in 3 of 7 cervical paraganglio- 
mas and 15 of 16 noncervical paragangliomas. In con- 
trast, the existence of a diploid DNA pattern does not 
ensure benign behavior; one of our malignant paraaor- 
tic cases was diploid. These results contrast with those 
of Klein et al.," who considered DNA determination to 
be an objective method for identifying malignant neo- 
plasms. However, the series of these authors contained 
only one euploid case, which was clinically benign. 

In the comparative analysis of cytomorphometric 
variables of cervical and extracervical paragangliomas, 
the parameters that independently established differ- 
ences that were statistically significant were mean nu- 
clear area, 2cD1, and minor DNA index. For all these 
parameters, larger values were observed in noncervical 
paragangliomas, which had a ploidy in the range of 
tetraploidy (DNA index, 1.83), as compared with cervi- 
cal paragangliomas, with a diploid range (DNA index, 
1.09). In relation to the larger amount of DNA, the nu- 
clear area (58.74 pm) and variability of DNA content 
among nuclei were also greater (2cDI = 8.62 AU in 
noncervical paragangliomas versus 1.88 AU in cervical 
paragangliomas). 

In conclusion, DNA determination has limited 
value in the diagnosis or prognosis of paragangliomas. 
Tumor location is still an indicator in establishing the 
prognosis of these neoplasms. The different course of 

paragangliomas could result from different intrinsic be- 
havior, probably in relation to a more important alter- 
ation in the nuclear genome. 

References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Glenner GG, Grimley PM. Tumors of the extraadrenal para- 
ganglion system (including chemoreceptors). In: Firminger HI, 
editor. Atlas of tumor pathology, second series, fascicle 9. Wash- 
ington, D.C.: Armed Forces Institute of Pathology, 1973:13-7. 
Olson JL, Abel MR. Non-functional nonchromaffin paragangli- 
omas of the retroperitoneum. Cancer 1969; 23:1358-67. 
Olson JL, Salyer WR. Mediastinal paraganglioma (aortic body 
tumors). Cancer 1978; 41:2405-12. 
Lack EE, Cubilla AL, Woodruff JM, Lieberman PH. Extraadrenal 
paragangliomas of the retroperitoneum: a clinicopathologic 
study of 1 2  tumors. A m  ] Surg Pathol 1980; 4:109-20. 
Linnoila R1, Keiser HR, Steinberg SM, Lack EE. Histopathology 
of benign versus malignant sympathoadrenal paragangliomas: 
clinicopathologic study of 120 cases including unusual histo- 
logic features. Hum Pafhol 1990; 21:1168-80. 
Friedlander ML, Hedley DW, Taylor IW. Clinical and biological 
significance of aneuploidy in human tumors. 1 Clin Pathol 1984; 

Lewis PD. A cytophotometric study of benign and malignant 
yheochromocytomas. Virchows Arrh [B]  1971; 9:371-6. 
Hosaka Y, Rainwater LM, Grant CS, Farrow GM, VanHeerden 
JA, Lieber MM. Pheochromocytoma: nuclear deoxyribonucleic 
acid patterns studied by flow cytometry. Surgery 1986; 6:1003- 
10. 
Deitch AD. Cytophotometry of nuclei acids. In: Wied GL, editor. 
Introduction to quantitative cytochemistry. New York Aca- 
demic Press, 1966:327-54. 
Dytch HE, Bibbo M, Puls JA, Bartels PH, Wied GL. Software 
design for an inexpensive practical, microcomputer-based DNA 
cytometry system. Anal Quant Cytol Histol 1986; 8:8-18. 
Puls ]A, Bibbo M, Dytch HE, Bartels PH, Wied GL. MicroTICAS: 
the design of an inexpensive video-based microcomputer/com- 
puter system for DNA-ploidy studies. Anal Quanf Cytol Histol 

Dressler LG, Bartow SA. DNA flow cytometry in solid tumors: 
practical aspects and clinical applications. Seniiri Diagn Pathol 

Bbcking A, Adler CP, Common HH, Hilgarth M, Granzen B, 
Auffermann W. Algorithm for a DNA-cytophotometric diagno- 
sis and grading of malignancy. Anal Quant Cytol Histol 1984; 

Bbcking A, Auffermann W. Algorithm for DNA-cytophotomet- 
ric diagnoses and grading of malignancy. Anal Quanf Cytol His- 
fol 1986; 8:363. 
Seemayer TA. Paragangliomas. In: Sternberg SS, editor. Diag- 
nostic surgical pathology. New York: Raven Press, 1989:467- 
77. 
Amberson JB, Vanghan ED, Gray GF, Naus GJ. Flow cytometric 
determination of nuclear DNA content in benign adrenal 
pheochromocytomas. Urology 1987; 30: 102-4. 
Padberg BC, Garbe E, Achilles E, Dralle H, Bressel M, Schrbder 
S. Adrenomedullary hyperplasia and pheochromocytoma: DNA 
cytophotometric findings in 47 cases. Virchows Arch [A] 1990; 

Klein FA, Kay S, Ratliff JE, White FK, Newsome HH. Flow cyto- 
metric determinations of ploidy and proliferation patterns of 
adrenal neoplasms: an adjunct to histological classification. J 
Urol 1985; 134:862-6. 

37:961-74. 

1986; 8:1-7. 

1989; 6:55-82. 

6:l-8. 

4 16:443-6. 




