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Table 1: Steroid hormones with abbreviations, systematic names and trivial

names

abbreviation

Urinary steroid metabolites

An 5a-Androstane-3a-ol-17-one (androsterone)

Et 5B-Androstane-3a-ol-17-one (etiocholanolone)

A5-3B,17a  [5-Androstene-3[3,17a-diol

DHEA 5-Androstene-3[3-ol-17-one (dehydroepiandrosterone)

AS-3B3,17B [5-Androstene-3,17B-diol (androstenediol-17( )

11-O-An 5a-androstane-3a-ol-11,17-dione (11-oxo-androsterone)

E1 estrone

E2 estradiol

T testosterone

Po-58,3a 5B-Pregnane-3a,17a-diol-20-one (17a-OH-pregnanolone)
11-OH-An  [5a-Androstane-3a,11B-diol-17-one (11-hydroxy-androsterone)
11-OH-Et 5B-androstane-3a,11B-diol-17-one (11-hydroxy-etiocholanolone)
Po-50,3a 5a-Pregnane-3a,17a-diol-20-one

I1D?—|GI;A)H- 5-androstene-3,16a-diol-17-one

PD 5B-Pregnane-3a,20a-diol (pregnanediol)

PT 5B-Pregnane-3a,17a,20a-triol (pregnanetriol)

P5D 5-Pregnene-3[3,20a-diol (pregnenediol)

AST-16a 5-androstene-3,16a,17B-triol (androstenetriol-16a)

THS 5B-Pregnane-3a,17a,21-triol-20-one (tetrahydro-11-deoxycortisol)
TH-DOC 5B-Pregnan-3a,21-diol-20-one (tetrahydro-11-deoxycorticosterone)
E3 estriol

11-O-PT 5B-Pregnane-3a,17a,20a-triol-11-one (11-oxo-pregnanetriol)
P5T-17a 5-Pregnene-33,17a,20a-triol (pregnenetriol-17a)

THE 5B-Pregnane-3a,17a,21-triol-11,20-dione

THA 5B-Pregnane-3a,21-diol-11,20-dione (tetrahydro-11-dehydro-corticosterone)
THB 5B-Pregnane-3a,11[3,21-triol-20-one (tetrahydro-corticosterone)
a-THB 5a-Pregnane-3a,11f3,21-triol-20-one (allo-tetrahydro-corticosterone)
THF 5B-Pregnane-3a,11f3,17a,21-tetrol-20-one (tetrahydro-cortisol)
a-THF 5a-Pregnane-3a,11B,17a,21-tetrol-20-one (allo-tetrahydro-cortisol)
a-Cl 5B-Pregnane-3a,17a,20a,21-tetrol-11-one (a-cortolone)

B-C 5B-Pregnane-3a,11b,17a,208,21-pentol (3-Cortol)

B-ClI 5B-Pregnane-3a,17a,203,21-tetrol-11-one (3-cortolone)

a-C 5B-Pregnane-3a,113,17a,20a,21-pentol (a-cortol)

F 4-Pregnene-113,17a,21-triol-3,20-dione (cortisol)

63-OH-F 4-Pregnene-603,11B,17a,21-tetrol-3,20-dione (63-hydroxycortisol)
20a-DHF 4-Pregnene-113,17a,20a,21-tetrol-3-one (20a-dihydrocortisol)




Table 2: Absolute concentrations of urinary steroid metabolites (ug/l) in

patients with pACAs, pACCs and controls.

pACA

pACC

Control

N=21 N=25 N=145 P-value
E1 000 0019 000 0.200
E2 0.00.0 0.0 0.00.032 0.00.0 0.0 0.240
E3 0.00.0 25.6 0.0 0.0 18.0 0.00.0823 0.007
T 0000175 0.00.0295 007.817.1 0.660
An* 4317.562.8 54211357 143669 <0.001
Et* 2.613.2 28.1 9.9 26.8 44 .1 112658 <0.001

. 7.2e-01 3.0e+02 | 9.2e+00 5.0e+02 | 7.9e-02 2.3e-01

DHEA 7.6e+02 1.1e+03 8.3e-01 <0.001
160-OHDHEA* | 7.1 54.5 3835 64.5 224.9 476 4 022031 <0.001
A53B17a 17322514042 | 404 102.0 2256 3911.621.7 |<0.001
A53B17B 35 941 2352 234 2132 3585 01953 <0.001
A5T160* 1.08 12.59 6320 | 25.8579.97 117.23 | 0280.631.63 | <0.001
110HAN" 9.326.0 522 10.5 22.6 103.0 202845 <0.001
110An 65 150 399 52 132 910 19 28 44 <0.001
110HEt 99 188 376 73 356 722 22 83 181 <0.001
PD 92 183 328 162 354 673 24 51 110 <0.001
PT 382 835 1539 307 700 1036 155231 367 | <0.001
P5D 238 415 844 300 638 1358 01556 <0.001
P5T170" 5.6524.49 3254 | 12.2246.257575 | 0.120.33090 |<0.001
Po5B3a 62 174 343 142 313 623 21 37 61 <0.001
Po5a3a 9.2 20.6 51.1 0.011.3 19.0 7.29.6 13.1 0.014
110Pt 57 20.7 32.1 3.69.0 19.9 457.211.0 0.044
THS 144 337 734 369 876 4392 3959 111 <0.001
F 66 142 349 142 428 826 46 63 88 <0.001
THE" 20 32 60 11 31 61 14 22 34 0.022
THF* 8412.6 18.2 5912.9 283 4571105 | <0.001
a-THF 539 770 2404 400 619 966 570 826 1332 0.045
o-Cl 597 996 1872 447 990 1633 494 732 1145 0.059
B-Cl 486 842 1309 332712 1795 337 497 751 0.003
0-C 112 231 362 140 284 497 72127 198 <0.001
B-C 267 432 723 176 342 804 191 267 433 0.008
63-OHF 205 365 729 233 1279 2350 73119 200 <0.001
20a-DHF 3577 109 55 101 345 22 27 39 <0.001
THA 0 109 202 0062 59 82 149 <0.001
THB 0177 767 0052 4364 119 <0.001
a-THB 110 233 909 0 62 136 130222352 | <0.001
THDOC 11 33 140 0 83 180 131517 0.003

Abbreviation of steroids see Table 1, supplemental material; pACA pediatric

adrenocortical adenoma, pACC pediatric adrenocortical carcinoma; a b c represent
the lower quartile a, the median b, and the upper quartile ¢ for continuous variables.
Test used: Kruskal-Wallis test. * value times 100. Analyses were performed using R
Statistical Software (v4.4.2; R Core Team 2024).




Table 3: Precursor/product ratios of relative enzyme activities of steroid metabolizing enzymes

Labels

precursor/product ratio

r andro/Fs 1

(an + et) / (a_thf + thf + the)

r andro/Fs 2

(an+et+a5 3b 17a+a5 3b 17b + dhea + x16a_oh_dhea + a5t _16a) / (a_thf + thf + the)

r DHEA/Fs_1 dhea / (a_thf + thf + the)
r DHEA/Fs 2 (dhea + x16a_oh_dhea + a5t _16a) / (a_thf + thf + the)
r DHEA/Fs_3 (dhea + x16a_oh_dhea + a5t_16a) / x11_oh_et

r_andro 11-oxy/deoxy 1

(x11_oh_an+x11 o an+x11 oh et)/(an+et+a5 3b 17a+ a5 3b _17b + dhea + x16a_oh_dhea + a5t _16a)

r_andro 11-oxy/deoxy 2

x11 oh et/ (dhea + x16a_oh dhea + a5t 16a)

r 5red 1 an/ et

r 5red 2 x11_oh_an/x11 oh_et

r 5red 3 a_thf/ thf

r 5red 4 a_thb /thb

r 5red 5 (an +x11_oh_an + a_thf+ a_thb + po_5a_3a)/ (et + x11_oh_et + thf +thb + po_5b_3a)
r 5red 6 po 5a 3a/po 5b 3a

r 11HSD 1 (a_thf + thf) / the

r 11HSD 2 thf / the

r 11HSD 3 (a_c+b c)/(a_cl+b cl) Cortols / cortolones

r 3HSD_1 dhea / (an + et)

r 3HSD 2 (dhea + x16a_oh_dhea + a5t_16a) / (a_thf + thf + the)

r 3HSD 3 (dhea + x16a_oh _dhea + a5t_16a)/ (an + et)

r 3HSD 4 p5t_17a/ (a_thf + thf + the)

r 3HSD_5 p5t_17a/ pt

r_21hdrox_1 (pt + po_5b 3a + po_5a _3a)/ (a_thf + thf + the)

r 21hdrox 2 (x11_o _pt+ pt + po_5b _3a + po_5a_3a)/ (a_thf + thf + the)
r 21hdrox_3 x11_o_pt/ (a_thf + thf + the)

r 21hdrox_4 x11_o_pt/ the

r 21hdrox_5 po 5b 3a/the




r 21hdrox_6 x11_o pt/a_cl

r 17HSD 1 a5 3b_17b/dhea

r 17HSD 2 t/ dhea

r 17HSD 3 t/x11 _oh_an

r 17HSD 4 a5 3b 17b/x11_oh_an
r_11hdrox_1 ths / (a_thf + thf + the)

r_11hdrox 2 (an + et)/ (x11_oh_an + x11_oh_et)
r_17hdrox_1 (tha +thb + a_thb) / (an + et)
r_17hdrox_2 pd/(an + et)

r_17hdrox_3 p5d / p5t_17a

r_17hdrox_4 pd / pt

r_17hdrox_5 (tha +thb + a_thb) / (a_thf + thf + the)
r_17hdrox_6 p5t 17a/a5 3b 17b

r_17hdrox_7 pt/ (an + et)

r_17hdrox_8 (pt + po_5b 3a + po 5a 3a)/(an + et);
r_17hdrox_9 (a_thf + thf + the) / (an + et)

r POR 1 pd / the

r POR 2 pd / (a_thf + thf + the)

r_arom_1 (e1+e2+e3)/t

r_arom 2 (e1+e2+e3)/a5 3b 17b

r CYP3A4 1 x6b_oh f/f

r 20HSD 1 x20a_dhf/f

r 20HSD 2 acl/b cl

Abbreviation of steroids see Table 1, supplemental material




Figure 1: Biplot - explorative data analysis using principal component analysis.

104

o
®
5- 163 8HbHEA i
s A3LAeas o .
4]
e n
® ® h ® e ®
& o Mher 8 N Diagnosis
B L
© s ° oD NEi ® ACA
© e ®Po5RBED
ha” ® ACC
& o- JTOHEL
L = L PO Control
6pTEE
® L E’200(-%H|= ®
® (¢
. ® Po5a3a
NSRYDOC
[
¥el
- c?—CI
5= THEC
THE B-C
a-THF
@
a-THB
THEA
] 1 1
-5 0 5

PC1 (42.66%)

The colored dots resemble the patients according to their diagnoses. The arrows
represent the individual metabolites. The longer and the more parallel to principal
component 1 (PC1) the arrow of an individual metabolite is, the better it discriminates
between ACTs (left) and controls (right). The first and second principal components
explain together 55,38% (PC1: 42.66%; PC2: 13.76%) of the overall variability. ACA
pediatric adrenocortical adenoma; ACC pediatric adrenocortical carcinoma. Analyses
were performed using R Statistical Software (v4.4.2; R Core Team 2024).



Figure 2: Precursor/product ratios and risk of adrenocortical tumor (odds
ratios and 95% confidence intervals).

ACT vs. Control: OR (95% ClI, p-value)
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ACT pediatric adrenocortical carcinoma; abbreviation of precursor/product ratios see
Table 3, supplemental material. Analyses were performed using R Statistical
Software (v4.4.2; R Core Team 2024).



Figure 3: Precursor/product ratios and risk of adrenocortical carcinoma (odds
ratios and 95% confidence intervals).

ACA vs. ACC: OR (95% ClI, p-value)
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ACA pediatric adrenocortical adenoma, ACC pediatric adrenocortical carcinoma,;
abbreviation of precursor/product ratios see Table 3, supplemental material.
Analyses were performed using R Statistical Software (v4.4.2; R Core Team 2024).



