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» Tumors of the adrenal cortex
» Adrenal cortical carcinoma
+ Adrenal cortical adenoma
+ Sex cord stromal tumors
» Adenomatoid tumor
» Mesenchymal and stromal tumors
=  Mpyelolipoma
= Schwannoma
Hematolymphoid tumors
> Secondary tumors
» Tumors of the adrenal medulla and extra-adrenal paraganglia
Pheochromocytoma
Extra-adrenal paragangliomas
= Head and neck paragangliomas
= Carotid body paraganglioma
= Jugulotympanic paraganglioma
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https://www.pathologyoutlines.com/topic/adrenocorticalcarcinoma.html
https://www.pathologyoutlines.com/topic/adrenaladenomageneral.html
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https://www.pathologyoutlines.com/topic/adrenaladenomatoid.html
https://www.pathologyoutlines.com/topic/adrenalmyelolipoma.html
https://www.pathologyoutlines.com/topic/softtissueschwannoma.html
https://www.pathologyoutlines.com/topic/adrenallymphoma.html
https://www.pathologyoutlines.com/topic/adrenalmetastases.html
https://www.pathologyoutlines.com/topic/adrenalpheochromocytoma.html
https://www.pathologyoutlines.com/topic/adrenalparaganglioma.html
https://www.pathologyoutlines.com/topic/adrenalparaganglioma.html
https://www.pathologyoutlines.com/topic/adrenalparaganglioma.html
https://www.pathologyoutlines.com/topic/adrenalparaganglioma.html
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= Vagal paraganglioma
= Laryngeal paraganglioma
= Sympathetic paraganglioma
<+ Neuroblastic tumors of the adrenal gland
= Neuroblastoma
Ganglioneuroblastoma, nodular
Ganglioneuroblastoma, intermixed
Ganglioneuroma
<+ Composite pheochromocytoma
<+ Composite paraganglioma
(WHO Classification, n.d.)

Adrenocortical

nodular
disease

v

Sporadic nodular
adrenocortical disease
“Non-functional.
+Solitary or sparsely distributed
multifocal nodules measuring < 1 cm.
*Occurs in all age groups.
*Usually unilateral but may be bilateral.
*Morphologically indistinguishable from
non-functional adrenal cortical
adenomas measuring < 1 cm.

Bilateral micronodular
adrenocortical disease
+Typically associated with endogenous

Cushing syndrome.
*Multiple nodules < 1 em.

*Occurs in children and adults <30 years.

+Bilateral involvement.

*Pathogenic germline variants activating

the protein kinase A (PKA) pathway.

Bilateral macronodular
adrenocortical disease
Typically associated with endogenous
Cushing syndrome.

*Multiple large nodules > 1 cm,
*Occurs predominantly in adults.

+Bilateral involvement.
*Pathogenic germline variants in

ARMCS, MENT, FH or APC are common.

v

v

Isolated micronodular

+*Often associated to Camey complex (¢c-PPNAD).
*Subsets develop outside of Carney complex (FPPNAD).
*Multiple pigmented nodules and internodular cortical atrophy.
*Germline variants in PRKARTA (both c-PPNAD and i-PPNAD).

Primary pigmented nodular
adrenocortical disease (PPNAD) adrenocortical disease (i-MAD)

*Multiple nodules without pigmentation.
*Germline aberrancies in PRKACA, PDESB or PDET1A.

(Mete et al., 2022
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https://www.pathologyoutlines.com/topic/adrenalganglioneuroma.html
https://www.pathologyoutlines.com/topic/adrenalcomparaganglioma.html
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Element

Neuropeptide Y

Adrenomedullin

Pituitary adenylate
cyclase activating
peptide

Chromogranin

Tyrosine hydroxylase
(rate limiting),
aromatic L amino
acid decarboxylase,
dopamine B
hydroxylase

Carboxypeptidase E

Galanin

Role in normal catecholamine
biosynthesis

Increases tyrosine hydroxylase
expression, intracellular calcium and
neoangiogenesis

Increases adrenal blood flow and
catecholamine release

Increases transcription, stimulates
activity of synthetic enzymes,
increased expression of regulatory
peptides
Protein sorting, vesicle stability and
hormone storage

Enzymes required for catecholamine
synthesis

Peptide sorting, activation of
prosurvival genes and increased
survival of chromaffin cells in hypoxia
and nutrient deprivation

Stimulates catecholamine and
glucocorticoid secretion

Alterations in
pheochromocytoma
versus normal adrenal
medulla

Increased plasma levels,
increased adrenal
MRNA expression

Increased plasma levels

High mRNA expression

Increased plasma levels,
increased mMRNA
expression

Upregulation and
increased activity

Increased mRNA
expression, correlation
with rapid growth and

malignancy

Increased levels
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Tumor weight s 05
Periadrenal adipose tissue invasion = aSIL Jasall aalll 5 doadl) cladal)

Mitotic rate Slaloday) A

Atypical mitoses sl clalusy)

Necrosis  _adll

Cellular spindling Al LA

Marked nuclear pleomorphism  zals 558 (pls

Cellular monotony 2a g LA Jaas

Large nests or diffuse growth e sai sl 5 S 35508 iliel

High cellularity — 4sls 245

Capsular invasion — 4kiss 3¢

Vascular invasion  Jles 53¢

Hyperchromasia LA opitla g S da ja

Ki67 das e bl 4o

SDHB, VHL, RET mutations

A 5 b AL dgn sall Cldlall gy 2 1 2-2 Jpoa

:(Pheochromocytoma of the adrenal gland scoring scale) PASS —uiai —2-2

G Baseall ST Y 5 . (nia sel) G ikl | n Las A8dal b amy il oy B 20 ol o) <
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(Pheochromocytoma, 2022). sl 5

Histologic feature Score
(total = 4 is concerning for malignancy)
Periadrenal adipose invasion +2
= 3 mitoses / 10 high power fields +2
Atypical mitoses +2
Necrosis +2
Cellular spindling +2
Marked nuclear pleomorphism +2
Cellular monotony +2
Large nests or diffuse growth +2
High cellularity +2
Capsular invasion +1
Vascular invasion +1
Hyperchromasia +1

(Pathology Outlines — Pheochromocytoma, n.d.)

Pheochromocytoma of the adrenal gland scoring (PASS) :3-2 dsall
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Objective, Design, Materials and Methods of the
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Pheochromocytoma of the adrenal gland scoring scale
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Ad g il ) laa | giia 30 g8 oy med Latidie Limy 5a 50 cilily i Candl s & -

LAY ) cdls el o
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dg <) B 3 AL cpbaal) el ©

Jedii de 286 aen s a 2021 ale e 5n 2014 ple Ay e i V) J g sl -

VIS i) S5 2y e sarl) b Ylatind |y pal (il ol psen

Valid

Al g i) il uua cliad) £ 568 11-2 J gl

Adrenal cortical adenoma

Adrenal cysts

Adrenal cortical hyperplasia
Pheochromocytoma
Metastases

Other cortical lesions
Ganglioneuroma
Angiomyelolipoma

Adrenal cotical carcinoma
Within normal limits

normal with renal neoplasms
Total

Frequency | Percent

56

7
27
53
12
10

6
18

8

7
82

286

19.6

2.4
9.4
18.5
4.2
3.5
2.1
6.3
2.8
2.4
28.7
100.0

Valid
Percent

19.6

2.4
9.4
18.5
4.2
3.5
2.1
6.3
2.8
2.4
28.7
100.0

Cumulative
Percent

19.6

22.0
31.5
50.0
54.2
57.7
59.8
66.1
68.9
71.3
100.0
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Cumulative
Frequency Percent | Valid Percent Percent
Valid s 35 70.0 70.0 70.0
S 15| 30.0 30.0 100.0

Total 50 100.0 100.0
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LS il cwilS g i 41,4 Guaiall vie L ol jeadl IS Cum 230 41-50 (e 1 Sl

2 3-2 bl §3-2 Jsaall

 eillaadilagcle gin32dee

Cumulative ¢
Frequency | Percent | Valid Percent Percent

Valid | 21-30 2 4.0 4.0 4.0
31-40 | 8 16.0| 16.0| 29.10\

41-50 | 15 30.0 30.0| 50.0|

51-60 | 13 26.0 26.0 76.0

61-70 | 8 16.0 16.0| 92.0

71-80 | 4 8.0/ 8.0/ 100.0,

Total | 50/  100.0 100.0 | |

o/
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Frequency | Percent | Valid Percent Percent
Valid | o) ksl 19 38.0 38.0 38.0
el B | 27| 54.0 54.0| 92.0
el i | 4) 8.0| 8.0/ 1000
Total | 50  100.0| 100.0| |
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AoV ilS Lad %54 L cialy PASS<4 @ ekl Ll Aaludl o) 5 5Y) ¢ Cus PASS score
5-2 Labaadl g 5-2 Jaall 385 i g %46 LiwPASS > 4 oIS Al Al

Frequency | Percent | Valid Percent | Cumulative Percent

Valid | pass<4 27 54.0 54.0 54.0
pass>4 | 23| 46.0| 46.0| 100.0|
Total | 50/ 1000 100.0| |

[ PASS af crua il ¢ 65 ey Jalada :5-2 Laladidll ]

PAAl) g dagled) o) 5 gD A Al ilis @
rorindl e Gliall & 550 ¢
Sl ) peie Ao gane IS Cliual 5 ik o)yl Aad ol peadl o O el mOs -
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pass<4 |Valid| & 19 70.4 70.4 70.4
S 8 29.6 29.6 100.0
Total 27 100.0 100.0
pass>=4 | Valid | b 16 69.6 69.6 69.6
S 7 30.4 30.4 100.0
Total 23 100.0 100.0

Clustered Bar Count of PASS by gwiall

Count
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el ) agie Ao gane S Carieal 5 Ak ol sls Al ol gl agedl (e O (s @il -
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Total 19 27 4 50
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PASS>=4 PASS<4
12% (6) 0% periadrenal adipose invasion
24% (12) 0% >3 mitosis/10 HPF
18% (9) 0% Atypical mitosis
12% (6) 2% (1) Necrosis
4% (2) 8% (4) Cellular spindling
34% (17) 2% (1) nuclear pleomorphism
2% (1) 6% (3) cellular monotony
26% (13) 14% (7) large nests or Diffuse growth
18% (9) 10% (5) High cellularity
18% ( 9) 0% vascular invasion
16% (8) 2%(1) capsular invasion
34% (17) 36% (18) Hyperchromasia
[ L) 5 dalaall 5 g8l ) oY Dl jallaal) :8-2 Jsaall }
40% 200, 36%., .
35%
30% a9, 26%
25% 100 190 189
20% 149 16%
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5% [ 09 09 09 ? 0%
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Pearson Correlation 1 -.130
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Pearson Correlation -.130 1
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PASS Pearson Correlation 1 278
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Abstract

Background: Tumors of the adrenal gland, despite their rarity, are classified into cortical and
medullary tumors, which are further classified into benign and malignant tumors. One of the most
common tumors of the adrenal medulla is Pheochromocytoma, which ranges from being non-
cancerous to highly malignant based on criteria developed according to its tissue characteristics,
which play a crucial role in determining the tumor's prognosis and the appropriate treatment plan
for the patient according to various classifications. In this study, we will focus on the PASS
(Pheochromocytoma of the adrenal gland scoring scale) classification.

Objective: The study aims to reclassify all adrenal medulla tumor samples received by the
pathological anatomy laboratory at Al-Assad University Hospital and Al-Mouwasat University
Hospital according to the tissue classification criteria of the PASS (Pheochromocytoma of the adrenal
gland scoring scale) classification, starting from 2014 until 2021. It also aims to emphasize the
importance of modern classifications in guiding the physician to the nature of the lesion in terms of
risk level, treatment, possible relapse, and complementary studies.

Materials and methods: Study design: A retrospective cross-sectional study aimed at reclassifying
all adrenal medulla tumor samples received by the pathological anatomy laboratory at Al-Assad
University Hospital and Al-Mouwasat University Hospital according to the tissue classification criteria
of the PASS (Pheochromocytoma of the adrenal gland scoring scale) classification for the years 2014
to 2021.

Results: Out of 286 patients, 50 patients were diagnosed with Pheochromocytoma (with an average
age of 41.4 years, 70% females, and 30% males). The incidence rate of females was higher than that
of males. The right side was more commonly affected, accounting for 54%, while the left side
accounted for 38%, and bilateral tumors accounted for 8%. The percentage of benign tumors with
PASS<4 was 54%, while the percentage of malignant tumors with PASS 24 was 46%. The incidence of
benign tumors was higher in males, accounting for 32%, while the incidence of malignant
Pheochromocytoma was higher in females, accounting for 28% with a total of 14 patients. The
percentage of benign tumors was slightly higher on the right side, accounting for 28% of all patients
diagnosed with Pheochromocytoma, with a total of 14 patients. There was no statistically significant
relationship between tumor size, weight, patient age, and PASS value.

Conclusions:The study showed that pheochromocytoma isn’t rare The percentage of its incidence
was 18.5%. The ratio of benign to malignant tumors according to the PASS classification was 46:54%.
The median age of onset was 41.4 years. The PASS classification contributed to guiding the diagnosis
but cannot be relied on completely

Key words: Pheochromocytoma, PASS score, adrenal medulla tumor.
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