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Context and Objective

Congenital adrenal hyperplasia (CAH) due to a CYP21A2 defect leads
to salt wasting (SW), simple virilizing (SV), or non-classical (NC)
phenotypes depending on residual 21-hydroxylase (21-OH) function.
Phenotype correlates with genotype in 80-90%.

We set out to test prediction of CAH phenotype based on genotype
classification

Patients and Methods

Patient data from 37 centres were retrieved from a central data base
as part of a German quality assurance program (AQUAPE*) within
the German Association for Pediatric Endocrinology and Diabetes
(DGKED). Allelic frequency and distribution of deletions/conversions
(del/con) and the 11 most common CYP21A2 mutations were
analysed in 660 homozygous or compound heterozygous CAH
patients (Figure 1). Associated clinical phenotypes (n=515) as
classified by the treating physician were compared with predicted
phenotypes from genotype classification according to magnitude of
residual 21-OH function (group Null=0%; group A=0-2%; group B=2-
5%; group C=20-60%). Moreover, patients were stratified according
to time at diagnosis (pre-screening versus screening), including
analysis of genital virilization (Prader stages) in girls.

Results

Allelic frequency of mutations was comparable to previous studies,
with del/con (29.6%) and 12G (29.2%) being the most common,
followed by 1172N (13.1%) (Table 1). Severe genotypes (Null and A)
correlated well with expected phenotypes (SW in 97% and 91%.
respectively), whereas weaker genotypes (B and C; Table 2) showed
poor correlation (SV in 45% and NC in 57%, respectively) with higher
clinical severity than expected, specifically associated with 1172N
and P30L. In C genotypes, this was underlined by the degree of
virilization (Prader Stage >1 in 28%; Figure 2). SW was ascertained in
90% of screened patients with classical CAH as compared to 74% of
pre-screening patients, whereas Prader stages did not differ
between these two groups (Table 3).

Figure 2. Genital virilization (Prader stages) in CAH girls according to genotypes
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Table 3. Prader stages in pre-screening and screening female CAH patients

Pre-Screening Screening
Prader stage n % n %
1 26 15.5 13 17.3
2 29 17.2 11 14.7
3 45 26.8 22 29.3
4 62 36.9 25 33.3
5 6 3.6 4 5.3
All (1-5) 168 100 75 100
Median 3 3
Mean 296 +1.14 2.95+1.18
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Figure 1. Breakdown of eligible patients according to genotype/phenotype availability and timepoint at diagnosis
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Table 1. Frequency (%) of CYP21AZ2 variants in our population as compared to published data. Common
mutations were present in 1285/1320 alleles (96.8%)

(Genotype Country| T e /AT NL | AT s | DE | g
defined by less | 21-OH | Expected Year| (Presentstudy) | 2013° | 2011° | 2003¢ | 2001° | 2000° | 1998
AFREIEE CEE) eIy MasRepET e 1.320 3.005 | 866 | 370 | 158 | 310 | 400
Genotype Null | 0% SW' Ipel/Kon 29.6 200 | 11.2 | 319 | 310 | 274 | 322
G110_8bp 2.5 2.1 0.8 4.3 i 1.6 1.1
E6 cluster 1.5 2.1 2.0 3.0 1.9 1.0 1.1
F306+t 0.3 i i 0.3 i 03 | <1.0
Q318X 4.6 3.5 6.7 3.5 2.5 4.8 2.4
R356W 4.1 3.6 4.2 8.4 3.2 4.5 3.0
Genotype A 0-2% SW 26 29.2 229 | 206 | 281 | 228 | 303 | 266
Genotype B 2-5% SV 172N 13.1 8.2 8.2 124 | 158 | 19.7 | 198
Genotype C | 20-60% |  NC  Ip3q 2.6 2.6 0.7 0.3 3.2 2.6 1.6
V281L 7.8 239 | 262 | 22 120 | 29 5.7
P453S 1.4 i i 0.5 1.3 03 | <1.0
Genotype D variable | variable |Other 3.2 - - 1.8 5.7 4.6 <5.0

Table 2. CAH phenotype distribution according to genotype in pre-screening and screening patient groups

Present study

Former studies

Genotype /| All |Pre-Screening Screening AR m== | NL mmm | DE ==
predicted | patients | (before 1999) (from 1999) | 2013® | 2011° | 2003 | 2000°
phenotype | n=515 n=327 n=188 n=1507| n=454 | n=198 | n=155
Null / SW 97 96 100 <100 100 97 100
A/SW 91 35 99 /9 34 96 90
B/SV 46 54 31 /76 37 53 74
C/NC 57 61 48 >90 100 100 65
Conclusions

v In this largest European CAF
CYP21A2 mutations were com

series reported to date, allelic frequencies of

narable to former studies.

v’ Prediction was accurate, i.e. in line with expected phenotype, in del/con and
severe mutations (genotypes Null and A), but unreliable in weaker genotypes
(genotypes B and C).

v’ By treating all screening-positive babies as SW-CAH from the start, current
management strategies® might result in overrating of clinical phenotype.

v  CAH severity should be regarded as a continuum

req

uiring ongoing

reevaluation of phenotype and flexibility in clinical management.

References

2New et al.: Genotype-phenotype correlation in 1,507 families with congenital adrenal hyperplasia owing to 21-hydroxylase deficiency, PNAS 2013
PMarino et al.: Steroid 21-hydroxylase gene mutational spectrum in 454 Argentinean patients..., Clin Endocrinol 2011
Stikkelbroeck et al.: CYP21 gene mutation analysis in 198 patients with 21-hydroxylase deficiency in The Netherlands..., JCEM 2003
dBaumgartner-Parzer et al.: Mutational spectrum of the steroid 21-hydroxylase gene in Austria: identification of a novel missense mutation, JCEM 2001

®Krone et al.: Predicting phenotype in steroid 21-hydroxylase deficiency? Comprehensive genotyping in 155 unrelated, well defined patients from southern Germany, JCEM 2000
"Wedell: Molecular genetics of congenital adrenal hyperplasia (21-hydroxylase deficiency): implications for diagnosis, prognosis and treatment, Acta Paediatr 1998

gSpeiser et al.: Congenital adrenal hyperplasia due to steroid 21-hydroxylase deficiency: an Endocrine Society clinical practice guideline, JCEM 2010



