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Adrenomedullary hyperplasia and phaeochromocytoma.
DNA cytophotometric findings in 47 cases*
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Summary. Fifty adrenalectomy specimens containing
normal (n=3), hyperplastic (n=4) or neoplastic (n=43)
medullary tissue were subjected to quantitative cytopho-
tometric measurements of DNA content. Differing eval-
uation schemes were applied for interpretation of DNA
distribution patterns. Of the 43 phaeochromocytomas
(PCC), 16 were inherited as part of the syndrome of
multiple endocrine neoplasia type 2a (MEN 2a). Five
of 27 sporadic PCCs followed a malignant course. Three
benign and three malignant PCCs lacked endocrine ac-
tivity.

In normal medulla and in adrenomedullary hyperpla-
sia, diploid or euploid DNA distributions were found.
In contrast, 87% (33/38) of the benign and all 5 malig-
nant PCCs exhibited non-diploid or aneuploid DNA
histograms. No differences in DNA content existed be-
tween functioning and non-functioning PCCs or be-
tween sporadic and hereditary tumours.

In this study, in contrast to earlier communications,
DNA cytophotometry did not discriminate between be-
nign and malignant adrenomedullary tumours. In addi-
tion, as opposed to the findings in a variety of other
endocrine tumours, DNA measurements did not appear
to be a useful tool to assess the prognosis of an individ-
ual malignant PCC.
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Introduction

It is generally agreed that the biological behavior of
phaeochromocytomas can not be assessed by conven-
tional microscopy. Histology fails to show substantial
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differences between clinically benign and malignant ad-
renomedullary tumours, and criteria indicative of inva-
sion and malignancy are an unreliable guide to the future
outcome of the case (Remine etal. 1974; Scott and
Halter 1984 ; Russel and Rubinstein 1989). The only ab-
solute criterion for diagnosing a malignant phaeochro-
mocytoma is the presence of secondary tumour deposits
in sites where chromaffin tissue is not found normally
(Remine et al. 1974; Amberson et al. 1987).

Cytophotometric DNA measurements have been
shown to be a useful auxiliary method for correct typing
(benign versus malignant) and — in the case of malignant
tumours — for determining the degree of aggressiveness
(low versus high grade) in a variety of tumours of differ-
ent sites (Auer et al. 1980; Forrslund et al. 1984; Ljune-
berg et al. 1986; Hamper et al. 1989). DNA data on
phaeochromocytomas is scanty (Lewis 1971 ; Klein et al.
1985; Hosaka et al. 1986; Amberson et al. 1987). Since
the diagnostic and prognostic value of this method is
judged discrepantly by these groups, we performed DNA
cytophotometry on a selection of 50 adrenalectomy
specimens, belonging to different types of medullary
disease.

Material and methods

Formalin-fixed paraffin-embedded material of 50 adrenalectomy
specimens was gathered from the surgical pathology files of differ-
ent institutes and departments of pathology. For documentation
of preoperative symptoms, clinical case histories were reviewed.

The series comprised 3 normal controls, 4 cases of adrenome-
dullary hyperplasia, and 43 PCCs. Of the 27 sporadic tumours,
22 cases lacked morphological or clinical features of malignancy.
Three of these showed admixtures of PCC elements with ganglion-
euroma. In three other patients, extensive preoperative laboratory
investigations had failed to demonstrate endocrine abnormalities.
Five sporadic PCCs followed a malignant clinical course; three
of these lacked endocrine activity. Sixteen tumours were neoplasms
inherited in the setting of MEN 2a. Each time, preoperative labora-
tory investigations were diagnostic of PCC. In four patients bilater-
al disease was found.

In 25 out of 43 PCC patients, follow-up information exceeding
a postoperative interval of 3 months was achieved, amounting to
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Table 1. Summary of clinical, morphological, and DNA cytophotometric findings in 4 cases of adrenomedullary hyperplasia and

43 phaeochromocytomas

No. Diagnosis Sex Age Side Size  Weight Clinical findings DNA measurements Follow-up
)y @rs) @/ (em) (g
bp uwA uN va Histogram P90 MGi (months)
1 Hyperplasia m 43 1 6 + + + + 1II 40.0 0.523 9 NED
2 Hyperplasia f 66 r 6 + 4+ + + I 50.0 0.464 7 NED
3 Hyperplasia f 39 1 5 +  + + + 1II 40.0  0.410 4 NED
4 Hyperplasia m 53 I 5 + 4+ + + 1 37.1  0.101 1 NED
5 PCC spor m 46 T 3 18 + + + + IV 72.8  1.343 4 NED
6 PCC spor f 29 1 6 49 n + + n IT 729 0578 72 NED
7 PCC spor m 46 r 7 95 n + + 0 v 914 2072 48 NED
8 PCC spor m 69 1 8 200 + 0 0 0 v 98.6 2261 48 NED
9 PCC spor m 50 1 6 67 + + + + IV 757 1671 36 NED
10 PCC spor f 44 1 6 80 + + + 0 111 87.1  0.983 6 NED
11 PCC spor f 52 r 72 +  + + + 1 314 0.373 op death
12 PCC spor m 23 r 5 35 + + + n v 97.1  1.580 180 NED
13 PCC spor m 59 1 5 50 + + + + I 943  0.626
14 PCC spor f 48 1 5 40 + 0 0 0 111 857 1.196 6 NED
15 PCC spor f 61 r 3 19 +  + + + I 75.7 1036
16 PCC spor m 22 T 5 32 +  + + 0 v 9577 2.244
17 PCC spor f 73 r 3 14 + 4+ + + I 81.4 0.768
18 PCC spor m 16 1 5 48 + n + + IV 100.0 3453 60 NED
19 PCC spor f 17 1 6 70 + n n n 111 443 0.830 4 NED
20 PCC spor m 19 r 4 72 + o+ + 0 111 657  0.598
21 PCCspor* m 67 r 6 50 + n n n v 857 1179 11 NED
22 PCCspor* f 74 1 3 20 + n n n 111 91.4  0.747 4 NED
23 PCCspor* f 42 r 5 51 n n n n 111 88.6  1.081 9 NED
24 PCC spor f 70 r 2 13 n 0 0 0 v 971 1.517 48 NED
25 PCC spor f 64 T 8 57 + o+ + + IV 100.0 2377 26 NED
26 PCC spor f 78 T 6 63 +  + + + I 60.0 0.428
27 PCC spor m 52 1 10 220 +  + + + IV 88.6 1.005 13 death
28 PCC spor m 55 r 1" 270 + + + + I 814 0.765 24 rec
29 PCCspor* f 36 1 12 352 + n n n v 100.0  2.708 3 death
30 PCCspor* f 64 1 15 1850 n n n n v 100.0  1.516 2 death
31 PCCspor* m 32 1 22 2100 n n n n v 100.0  1.987 1 met
32 PCC her f 53 r 7 95 + + + + I 27.1  0.188
33 PCC her f 49 r 6 57 +  + + + II 82.8  0.669
34 PCC her m 62 r 8 66 +  + + + IV 90.0  1.199
35 PCC her f 40 1 6 32 + + + + I 471 0470 79 NED
36 PCC her f 52 1 8 85 + + + 0 v 714 1.128 37 NED
37 PCC her f 60 r 4 15 + 4+ + + I 60.0 1.614
38 PCC her m 34 T 2 13 n + + 0 ITT 84.3  0.803
39 PCC her m 39 1 8 140 n + + + IV 100.0  1.317 67 NED
40 PCC her m 12 r 3 11 v 100.0  1.313
41 PCC her l 6 50 v 98.6 1.736
42 PCC her m 29 1 3 9 + o+ + + IV 914 1637 17 NED
43 PCC her r 9 77 11t 857 0.793
44 PCC her f 52 1 1 5 + + + + I 743 0.722
45 PCC her r 2 5 1T 443 0.369
46 PCC her f 23 r 4 32 n + + 0 111 754 11432
47 PCC her 1 3 25 v 88.6  1.682

Side: tumour localisation (right/left adrenal). Clinical findings: bp-blood pressure; uA-urinary adrenaline; uN-urinary noradrenaline;
va-vanillyl-mandelic acid (n =normal, + =elevated, 0 not evaluated). DNA measurements: Histogram-type (Auer); P 90 value (Forrslund);
MGi MG-index (Bocking). Follow-up: NED-no evidence of disease; rec-recurrent disease; met-metastases; op-intraoperative. Hyperplasia:
Adrenomedullary hyperplasia; PCC: Phaecochromocytoma; spor: sporadic; her: hereditary. spor*: non-functioning tumour

a mean observation period of 36 (range 1-180) months. One of
the 22 patients with benign sporadic PCC had died intraoperative-
ly. The others showed continuous symptom free survival. Three
of the 5 patients with malignant sporadic PCC had died 2 to
13 months after surgery, the remainder still suffer from distant
metastases. None of the 12 patients with hereditary PCC had an
apparently malignant tumour; 5 of these cases suffered from meta-
static medullary thyroid carcinoma continuously. Two of the 8 sub-
jects in the hereditary category presenting originally with unilateral
disease later developed a contralateral PCC.

The values for tumour diameters and weights were taken from

the original pathological descriptions. For reclassification, routine-
ly H&E stained slides were used. For diagnosis of adrenomedullary
hyperplasia, morphometric analyses of total medullary volumes
were performed (Dralle et al. 1990). In non-functioning adrenal
tumours, the diagnosis of PCC was dependent on the immunocyto-
chemical demonstration of synaptophysin-positivity (Jahn et al.
1985) and negativity for the adrenocortical marker D11 (Schroder
et al. 1989).

For cytophotometric determination of DNA content 6 pm-
thick paraffin sections were used. After dewaxing, RNA was des-
troyed by hydrolysis in 1N hydrochlorid acid at 60° C for 15 min.
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Afterwards, Schiff’s reagent was applied for 1 h and the sections
were subsequently treated with 1% sodium metabisulphite. Covers-
lips were mounted with “Eukitt” (refraction index 1.494). Single
cell DNA-measurement was performed in the scanning mode on
a LEITZ-MPV-cytophotometer based on a LEITZ-Orthoplan mi-
croscope. The measuring spot was 2.54 um?, the steps of the scan-
ning process were 0.5 pm wide. Absorption of the probes was deter-
mined at a wave length of 560.0+9.5 nm. The number of cells
examined was 70 for each case. Data were processed on-line by
a EUROCOS-computer using specially adopted commercial soft-
ware (LEITZ, Hamburg). Determination of diploid values was per-
formed using normal adrenomedullary cells from the 3 control
specimens noted above; the mean+2 standard deviations of their
cellular DNA content was defined as a 2c¢ region. Evaluation of
the data was done using three different schemes: (i) classifying
the histograms according to Auer et al. (1980) into four different
types (I-IV); (ii) determining the P90 value according to Forsslund
et al. (1984); (iii) calculating the MG-index according to Bocking
et al. (1984).

Results

Morphological and clinical findings are summarized in
Table 1. Cytophotometrically, the adrenal medulla of the
three control specimens was characterized by single dis-
tinct modal DNA values in the diploid region of normal
cells (type I) (Fig. 1A). The same finding was obtained
for one of 4cases of adrenomedullary hyperplasia
(No 1-4), the remaining three cases exhibiting euploid
type II histograms, defined as having either a distinct
modal value in the tetraploid or near-tetraploid region
or showing two well-defined peaks around the 2¢ and
4c regions (Fig. 1 B).

Two of the 22 benign sporadic PCCs (9%) (No 5-26)
also showed type II histograms. For 10 lesions (45,5%),
type I1I populations were demonstrated, defined as hav-
ing two peaks but differing from the type IT populations

Fig. 1. Examples of typical
histograms: A (upper, leff) DNA
histogram type I (diploid; normal
adrenal medulla); B (upper, right)
type I1 (euploid; adrenomedullary
hyperplasia case No 1); C (lower,
left) type 11 (non-diploid; non-
functioning benign
phaeochromocytoma case No 21);
D (lower, right) type IV
(aneuploid ; non-functioning
malignant phaeochromocytoma

case No 29)
6 8 10 12 14c

in that the histograms showed a sizeable number of cells
with DNA amounts similar to those of control cells in
DNA synthesis. The positions of the two peaks, as a
rule, deviated somewhat from the 2¢ and 4c values of
normal populations (Fig. 1C). In 10 cases (45,5%), ty-
pe IV specimens were seen with a very pronounced and
irregular ancuploidy, DNA amounts per cell ranging
from levels near 2c¢ up to values beyond 6¢ or even
14c (Fig. 1D). Of the 5 clinically malignant PCCs
(No 27-31), one showed type III and four exhibited ty-
pe IV histograms. Among the 16 hereditary PCCs
(No 32-47), type 11, III and IV histograms were found
in 3, 6 and 7 (19%, 37%, 44%) cases, respectively.

No systematic discrepancies between sporadic, he-
reditary, functioning or non-functioning, benign or
malignant PCCs were found by using DNA histogram
typing or either of the other DNA data evaluation
schemes.

Discussion

Four studies on the diagnostic and prognostic value of
DNA determinations in PCC have been reported. In
a cytophotometric investigation, Lewis (1971) found be-
nign behaviour in each of 12 lesions with a diploid DNA
content, whereas distant metastases were demonstrated
for each of 3 aneuploid PCCs. The author suggested that
such measurements allowed discrimination between me-
tastasizing and benign PCCs and a similar conclusion
was drawn by Hosaka et al. (1986) based on a flow cyto-
metric study of 62 PCCs using the technique of Hedley
et al. (1983). Each of the 18 patients with normal DNA
histograms followed a benign clinical course, whereas
8 of 26 patients classified as DNA tetraploid/polyploid
and 7 of 18 patients exhibiting DNA aneuploid peak
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had evidence of malignancy, the differences between
these groups being statistically significant. According to
this series, DNA ploidy measurements thus seemed to
provide useful prognostic information, although a clear-
cut discrimination between benign and malignant neo-
plasms was not produced by this method. Klein et al.
(1985) considered flow cytometric DNA determination
to be an accurate objective method of identifying adrenal
malignancy. However, only one (clinically benign eup-
loid) PCC case was included in their study of 4 normal
and 7 neoplastic adrenal tissues.

In contrast with these studies, Amberson et al. (1987)
in a recent flow cytometric investigation, found aneup-
loidy to be a phenomenon frequently also encountered
in benign adrenal PCC. Of 19 such tumours, only 6
were diploid, whereas 9 clearly exhibited aneuploid
DNA content.

The findings presented herein parallel the observa-
tions of the latter study. We found non-diploid DNA
values in 38 of 43 PCCs (88%), 21 of which clearly ex-
hibited pronounced aneuploidy. Clinically malignant
behaviour could only be established in 5 of these tu-
mours. The remaining 33 non-diploid lesions lacked
morphological evidence of malignancy. In 20 of these,
follow-up disclosed an uneventful postoperative course
(the observation period being longer than 12 months in
13 of 20 patients).

On the basis of these results, DNA measurements
thus supply neither diagnostic nor prognostic informa-
tion for patients with PCC. In addition, DNA data are
not associated with a particular genetic background of
disease (sporadic versus hereditary tumours) or with the
presence of clinical symptoms (functioning versus non-
functioning neoplasms).

Our study thus provides another example of the fact
that DNA determinations are of limited value in differ-
ential diangosis especially among endocrine and neuro-
endocrine neoplasias. Aneuploidy has been shown not
to be diagnostic of malignancy in thyroid, parathyroid
and adrenal cortical adenomas (Joensuu et al. 1986,
1989) and carcinoids of different sites (Olinici and
Ciéluser 1988). It should be mentioned, however, that
significant prognostic information is gained by this
method for follicular thyroid carcinomas (Cohn et al.
1984; Joensuu et al. 1986) and medullary carcinomas
of the thyroid (Béickdahl et al. 1985; Schrdder et al.
1988). Since medullary thyroid carcinomas and PCCs
are of the same neuroendocrine lineage and frequently
occur together as manifestations of MEN 2 syndrome,
the irrelevance of DNA measurements in adrenomedull-
ary tumours is even more remarkable. There must be
a continued search for other procedures enabling a clear
discrimination between risk groups in PCC patients.
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