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ABSTRACT 

To compare the analytical performance of the Roche Cobas Pro 
and Siemens Atellica Solution platforms for measuring serum lu-
teinizing hormone (LH), follicle-stimulating hormone (FSH), es-
tradiol, and testosterone in pediatric samples, with an emphasis 
on analytical bias, agreement, and clinical interpretability. A 
method comparison study was conducted using paired serum 
samples from children (LH: n = 132; FSH: n = 140; estradiol: n 
= 413; testosterone: n = 125). An additional 125 adult female 
samples were included to extend the estradiol measurement 
range. Hormone concentrations were measured on both plat-
forms according to CLSI EP09-A3 guidelines. Analytical agree-
ment and bias were evaluated using Passing–Bablok regression, 
Bland–Altman analysis, and Spearman correlation. Strong corre-
lations were observed for all analytes (Spearman r ≥ 0.899; p < 
0.0001). However, clinically relevant biases were detected. Com-
pared with Cobas Pro, Atellica underestimated LH (slope 0.856; 
intercept –0.424 IU/L) and overestimated FSH (slope 1.087). Es-
tradiol demonstrated the greatest disagreement, with Atellica 
showing higher values in pediatric samples (mean bias +24.65 
pmol/L) and adult female samples (mean bias +142.18 pmol/L). 
Among pediatric estradiol measurements, 232/413 samples were 
below the limit of quantification (LOQ) on one or both platforms; 
notably, 147 samples were undetectable by Cobas Pro but quan-
tifiable on Atellica. Testosterone showed near-proportional 
agreement (slope 0.99), although non-linearity was observed at 
lower concentrations. Although both platforms demonstrate 
strong analytical correlation, measurement biases, particularly 
for LH and estradiol, are of sufficient magnitude to influence clin-
ical interpretation in pediatric endocrinology, including puberty 
assessment and longitudinal hormone monitoring.  
 
Keywords: Pediatric endocrinology, Immunoassay comparison, 
Luteinizing hormone, Estradiol; Testosterone, Cobas Pro, Atel-
lica Solution.
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INTRODUCTION

Accurate measurement of gonadotropins and sex ster-
oids—specifically luteinizing hormone (LH), follicle-stimu-
lating hormone (FSH), estradiol, and testosterone—is essen-
tial for the diagnosis and management of pediatric endocrine 
disorders. These hormones play a central role in sexual de-
velopment, growth, and reproductive health, and their levels 
vary substantially with age and sex. Interpreting hormone 
levels in children and adolescents therefore requires not only 
high analytical precision but also age- and sex-specific refer-
ence intervals to support accurate clinical decision-making 
(1, 2). In Vietnam, pediatric endocrine services have ex-
panded significantly over the past decade, yet limited access 
to LC-MS/MS and lack of locally validated immunoassay 
performance data remain key challenges. Clinical laborato-
ries continue to rely on high-throughput immunoassay plat-
forms, but their accuracy for pediatric hormone quantifica-
tion has not been systematically evaluated in the Vietnamese 
setting. This gap raises concerns about potential misclassifi-
cation, especially in prepubertal children with low hormone 
levels near the detection limits of conventional assays. 

Pediatric hormone testing presents unique analytical chal-
lenges due to the naturally low concentrations of sex steroids 
and gonadotropins in prepubertal and early pubertal children. 
For instance, serum estradiol levels in young girls and testos-
terone levels in young boys often fall below 20 pg/mL and 
30 ng/dL, respectively—concentrations near or below the 
functional sensitivity of many commercial immunoassays (3-
5). These low levels increase the risk of imprecision, cross-
reactivity, and false elevation, leading to potential misdiag-
nosis or inappropriate treatment. 

Among the most commonly used immunoassay platforms 
in clinical laboratories are the Roche Cobas Pro and Siemens 
Atellica Solution systems. Both are high-throughput, fully 
automated analyzers designed for the measurement of a wide 
range of hormones and clinical chemistry parameters. Previ-
ous studies have demonstrated that both systems provide re-
liable and reproducible measurements of LH and FSH, with 
well-established pediatric reference intervals that align with 
international standards (1, 2). However, questions remain 
about their performance in detecting low hormone concentra-
tions, especially in prepubertal children. 

Immunoassays, despite being widely available and cost-
effective, are prone to limitations such as cross-reactivity, 
matrix effects, and reduced specificity at low concentrations. 
These challenges are especially pronounced when measuring 
sex steroids in children. Studies have shown that immunoas-
says may overestimate estradiol and testosterone concentra-
tions when compared to more specific methods like liquid 
chromatography–tandem mass spectrometry (LC-MS/MS), 
which is considered the gold standard for hormone quantifi-
cation (3-5). Such discrepancies may result in diagnostic in-
accuracies and suboptimal clinical management. 

While LC-MS/MS offers superior analytical specificity 
and sensitivity, its adoption in routine clinical practice re-
mains limited due to high costs, technical complexity, and the 
need for specialized personnel. Consequently, immunoassays 
remain the mainstay of hormone testing in most pediatric set-
tings. It is therefore critical to evaluate the analytical perfor-
mance and limitations of widely used platforms, particularly 
in populations where hormone concentrations are near the as-
say detection limits (6, 7). 

The aim of this study was to compare the performance of 
the Roche Cobas Pro and Siemens Atellica Solution plat-
forms in measuring serum LH, FSH, estradiol, and testos-
terone in pediatric samples. By assessing analytical agree-
ment and identifying potential biases between platforms, we 
seek to provide evidence to inform assay selection, guide ap-
propriate clinical interpretation, and support the development 
of platform-specific pediatric reference intervals in Vietnam. 

MATERIALS AND METHODS 

Study design, sample size and sampling procedure 

This method comparison study was conducted in accord-
ance with the Clinical and Laboratory Standards Institute 
(CLSI) EP09-A3 guidelines. Paired serum samples were col-
lected from pediatric patients at the Vietnam National Chil-
dren’s Hospital between June 2024 and January 2025. The 
study included 132 samples for LH, 140 for FSH, 413 for es-
tradiol, and 125 for testosterone. To ensure adequate cover-
age of the analytical measurement range for estradiol, an ad-
ditional 125 adult female samples were included. All samples 
were anonymized and obtained from routine testing; thus, in-
formed consent was waived. Ethical approval was granted by 
the Institutional Review Board of Vietnam National Chil-
dren’s Hospital (IRB-VN01037/IRB00011976/FWA0002 
8418). This study is part of a broader project aimed at estab-
lishing pediatric reference intervals for Vietnamese children. 

Sample handling and hormone measurement 

Serum samples were excluded if visibly hemolyzed, ic-
teric, or lipemic. Following centrifugation, serum was ali-
quoted into Eppendorf tubes and stored at –80°C until analy-
sis. All hormone assays were performed on the Roche Cobas 
Pro and Siemens Atellica Solution platforms within two 
hours of thawing. Calibration and internal quality control 
procedures followed the manufacturers’ instructions. Daily 
quality control was performed using Bio-Rad control materi-
als. 

Analytical characteristics of each assay—such as meas-
urement principle, traceability, and analytical range—are 
summarized in Table 1. Detailed calibration procedures and 
traceability chains have been presented in Supplementary Ta-
ble S1 to improve clarity and focus. Both platforms use elec-
trochemiluminescence or chemiluminescence immunoassay 
technologies with standardized calibration materials. 
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Table 1. Summary of analytical principles, traceability,  
and analytical ranges of Cobas Pro (Roche)  
and Atellica Solution (Siemens) platforms 

Measurand Platform Method principle Traceability Analytical range 

LH Atellica CLIA (sandwich) NIBSC 80/552 0.07–200 IU/L 

LH Cobas Pro ECLIA (sandwich) NIBSC 80/552 0.3–200 IU/L 

FSH Atellica CLIA WHO IS 94/632 0.3–200 IU/L 

FSH Cobas Pro ECLIA WHO IRP 78/549 0.3–200 IU/L 

Testosterone Atellica CLIA ID-LC-MS/MS 0.24–52.05 nmol/L 

Testosterone Cobas Pro ECLIA ID-GC/MS 0.087–52.0 nmol/L 

Estradiol Atellica CLIA ID-GC/MS (manufacturer) 43.31–11010 pmol/L 

Estradiol Cobas Pro ECLIA CRM 6004a via ID-GC/MS 18.4–11010 pmol/L 

Precision and trueness verification and monitoring 

Precision was evaluated following CLSI EP15-A3 guide-
lines. Short-term precision was assessed by testing three con-
centration levels (low, normal, high) five times per day over 
five consecutive days. Long-term precision was monitored 
through daily quality control over the course of the study. 
Trueness was verified via interlaboratory comparison using 
Bio-Rad materials and peer-group mean comparisons. Exter-
nal quality assurance (EQA) was conducted monthly through 
participation in the Randox RIQAS Chemistry and Immuno-
assay program, with satisfactory performance across all as-
says. 

Statistical analysis 

Data were analyzed using MedCalc version 23.2.1 (Med-
Calc Software Ltd., Ostend, Belgium). Method comparison 
was assessed using Passing–Bablok regression to evaluate 
systematic and proportional bias. Non-linearity was formally 
assessed using the cumulative sum (Cusum) test provided 
within the Passing–Bablok regression framework. Agree-
ment between platforms was visualized using Bland–Altman 
plots. All regression analyses and graphical outputs were 
generated using MedCalc version 23.2.1. 

Spearman’s rank correlation coefficients were used to as-
sess correlation. A p-value of <0.05 was considered statisti-
cally significant. 

For analytes with results below the limit of quantification 
(LOQ), values were excluded from quantitative regression 
and Bland–Altman analyses rather than imputed. The number 
and distribution of below-LOQ results for each platform were 
reported separately to preserve analytical validity and avoid 
bias from arbitrary substitution. 

 

RESULTS 

Key analytical agreement metrics for all hormones (cor-
relation coefficients, Passing–Bablok slopes and intercepts, 
mean biases, and limits of agreement) are summarized in Ta-
ble 2 to facilitate cross-analyte comparison, while detailed 
visual assessments are retained in Figures 1–5. 

Table 2. Key statistical results across hormones 

Hormone 
Spearman 

r 
Intercept  
(95% CI) 

Slope 
(95% CI) 

Mean Bias (95% 
CI) 

Cusum 
Test 

Clinical Notes 

LH 0.991 –0.42 (–0.50 to 
–0.35) 

0.86 (0.84 
to 0.87) 

–1.55 IU/L (–1.75 
to –1.36) 

p < 0.01 Underestimation on 
Atellica may shift 
borderline 
prepubertal values 
into the prepubertal 
range 

FSH 0.995 0.01 (–0.09 to 
0.07) 

1.09 (1.07 
to 1.10) 

+1.35 IU/L (0.92 
to 1.78) 

p = 0.87 Proportional bias; use 
caution when 
switching platforms 
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Hormone 
Spearman 

r 
Intercept  
(95% CI) 

Slope 
(95% CI) 

Mean Bias (95% 
CI) 

Cusum 
Test 

Clinical Notes 

Estradiol 
(peds) 

0.898 33.29 (26.55 to 
39.02) 

0.95 (0.91 
to 0.97) 

+33.75 pmol/L 
(16.63 to 50.88) 

p = 0.11 Atellica quantifies 
more low-end results; 
may influence 
pubertal staging 

Estradiol 
(adult) 

0.968 22.30 (13.66 to 
29.11) 

1.06 (1.04 
to 1.08) 

+142.18 pmol/L 
(97.91 to 186.46) 

p = 0.05 Substantial 
overestimation on 
Atellica 

Testosterone 0.982 –0.27 (–0.39 to 
–0.15) 

0.99 (0.97 
to 1.02) 

Minimal p = 0.01 Good agreement; 
non-linearity at low 
concentrations 

 

Luteinizing hormone (LH) 

Serum LH measurements showed a strong correlation be-
tween the Siemens Atellica Solution and Roche Cobas Pro 
platforms (Spearman r = 0.991, p < 0.0001), but both system-
atic and proportional biases were present (Figure 1). Passing–
Bablok regression demonstrated an intercept of –0.4245 
(95% CI: –0.5021 to –0.3488) and a slope of 0.8558 (95% 
CI: 0.8390 to 0.8713), indicating consistent underestimation 
by Atellica at increasing concentrations. The Cusum test con-
firmed significant non-linearity (p < 0.01). 

Bland–Altman analysis revealed a mean bias of –1.55 
IU/L (95% CI: –1.75 to –1.36), with 95% limits of agreement 
from –3.77 to +0.67 IU/L (Figure 1). In pediatric practice, 
this degree of negative bias may result in misclassification of 
borderline LH values, potentially shifting results from early 
pubertal into the prepubertal range, particularly when using 
diagnostic cut-offs for puberty onset. Therefore, the two plat-
forms should not be considered interchangeable for LH 
measurement. 

 

Figure 1. Passing–Bablok regression and Bland-Altman 
analysis comparing LH concentrations between Atellica 
Solution and Cobas Pro platforms using 132 pediatric  

serum samples. 

Follicle-stimulating hormone (FSH) 

FSH measurements demonstrated excellent correlation 
(Spearman r = 0.995, p < 0.0001) and no significant system-
atic bias (intercept: 0.0079; 95% CI: –0.0859 to 0.0737), alt-
hough a proportional bias was observed (slope: 1.0869; 95% 
CI: 1.0721 to 1.1024) (Figure 2). The Cusum test did not 

detect non-linearity (p = 0.87). Bland–Altman analysis 
showed a mean bias of +1.35 IU/L (95% CI: 0.92 to 1.78), 
with 95% limits of agreement from –3.70 to +6.40 IU/L, in-
dicating acceptable agreement for cross-sectional use but 
caution for longitudinal follow-up using mixed platforms. 

 

Figure 2. Comparison of FSH concentrations between 
Atellica Solution and Cobas Pro platforms using 140 

pediatric serum samples. 

 

Estradiol – pediatric samples 

Among 413 pediatric samples, 232 results were below the 
limit of quantification (LOQ) on one or both platforms, leav-
ing 181 samples for quantitative comparison. Of the low-
level results, 147 were measurable on Atellica but below 
LOQ on Cobas, reflecting greater analytical sensitivity of At-
ellica at very low estradiol concentrations (Supplemental Ta-
ble 1). 

For quantifiable samples, estradiol concentrations corre-
lated well between platforms (Spearman r = 0.898, p < 
0.0001), but a clear systematic bias was present (Figure 3). 
Passing–Bablok regression yielded an intercept of 33.29 
pmol/L (95% CI: 26.55 to 39.02) and a slope of 0.945 (95% 
CI: 0.912 to 0.974). Bland–Altman analysis demonstrated a 
mean bias of +33.75 pmol/L (95% CI: 16.63 to 50.88), with 
wide limits of agreement (–195.09 to +262.60 pmol/L). Such 
variability is clinically relevant in early puberty, where estra-
diol concentrations approach assay detection limits and small 
absolute differences may influence pubertal staging. 
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Figure 3. Comparison of estradiol concentrations between 
Atellica Solution and Cobas Pro platforms in 181 pediatric 

serum samples. 

 
Estradiol – adult female samples 

In adult female samples, estradiol measurements re-
mained strongly correlated (Spearman r = 0.968, p < 0.0001) 
but showed substantial positive bias on Atellica (Figure 4). 
Passing–Bablok regression indicated systematic overestima-
tion (slope: 1.063; intercept: 22.30 pmol/L), and Bland–Alt-
man analysis revealed a mean bias of +142.18 pmol/L (95% 
CI: 97.91 to 186.46), with asymmetric limits of agreement (–
47.99 to +632.36 pmol/L). Borderline non-linearity was ob-
served (Cusum p = 0.05), suggesting reduced interchangea-
bility at higher estradiol ranges. 

 

Figure 4. Comparison of estradiol concentrations in 125 
adult female samples measured by Atellica Solution and 

Cobas Pro. 

Testosterone 

Testosterone concentrations showed excellent agreement 
between platforms (Spearman r = 0.982, p < 0.0001) with 
near-unity proportionality (slope: 0.9901; intercept: –0.2723) 
(Figure 5). Despite minimal overall bias, the Cusum test in-
dicated significant non-linearity (p = 0.01), particularly at 
lower concentrations. Although agreement is generally ac-
ceptable, careful interpretation is advised during longitudinal 
monitoring in pediatric patients, where testosterone levels are 
often near the lower analytical range. 

 

 

 

 

Figure 5. Comparison of testosterone concentrations 
between Atellica Solution and Cobas Pro platforms using 

125 pediatric and adolescent serum samples. 

 

DISCUSSION 

This study evaluated the analytical comparability of the 
Roche Cobas Pro and Siemens Atellica Solution platforms 
for measuring serum LH, FSH, estradiol, and testosterone in 
pediatric samples. Although strong correlations were ob-
served across all analytes, clinically meaningful systematic 
and proportional biases, particularly for LH and estradiol, 
were identified, indicating that results obtained from the two 
platforms are not directly interchangeable. These findings are 
consistent with previous reports highlighting inherent limita-
tions of immunoassays for hormone quantification in chil-
dren and reinforce the importance of assay-specific interpre-
tation in pediatric endocrinology. 

For LH, the consistent underestimation observed on the 
Atellica platform relative to Cobas Pro has direct implica-
tions for clinical decision-making. Diagnostic cut-offs used 
to distinguish prepubertal from pubertal status, either in basal 
assessment or during GnRH stimulation testing, are often 
narrow. A mean bias of approximately –1.5 IU/L may there-
fore shift borderline values below clinically relevant thresh-
olds, potentially delaying recognition of pubertal onset or al-
tering the classification of central versus peripheral pubertal 
disorders. Similar inter-platform variability has been re-
ported in pediatric cohorts using Cobas-based reference in-
tervals in the CALIPER study and other comparative anal-
yses (1, 2). 

FSH measurements showed strong agreement and re-
tained linearity, although a proportional overestimation of 
approximately 9% was observed on Atellica. While this bias 
may be acceptable for cross-sectional interpretation, small 
absolute differences in FSH during early puberty may still 
influence Tanner staging or GnRH test interpretation, espe-
cially during longitudinal follow-up. Comparable degrees of 
assay-dependent variability for gonadotropins have been de-
scribed in pediatric immunoassay comparison studies (1, 8). 

Estradiol demonstrated the greatest analytical divergence 
between platforms, particularly at low concentrations typical 
of prepubertal children. The higher analytical sensitivity of 
Atellica allowed quantification of a substantial number of 
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samples that were below the LOQ on Cobas Pro; however, 
this was accompanied by a significant positive bias and wide 
limits of agreement. These findings align with published im-
munoassay–LC-MS/MS comparison studies reporting up to 
twofold overestimation of estradiol at low concentrations in 
prepubertal girls (4, 5, 9, 10). In clinical practice, such bias 
may influence assessment of early pubertal development, 
bone maturation, or decisions regarding pubertal suppres-
sion, underscoring the need for caution when interpreting 
low-level estradiol results. 

Testosterone measurements exhibited the closest agree-
ment between platforms, consistent with previous method 
comparison studies (6, 11). Nevertheless, the presence of 
non-linearity at low concentrations highlights persistent ana-
lytical challenges in pediatric testing, where prepubertal tes-
tosterone levels frequently approach assay detection limits. 
Even minor analytical deviations in this range may result in 
disproportionate clinical impact, a phenomenon well de-
scribed in immunoassay versus LC-MS/MS comparisons (3). 

From a technical perspective, differences in calibration 
traceability, antibody specificity, and susceptibility to cross-
reactivity are likely contributors to the observed biases. Alt-
hough both platforms are traceable to recognized reference 
materials, manufacturers employ different calibration hierar-
chies and antibody designs, which may variably detect hor-
mone isoforms, metabolites, or structurally related com-
pounds. These effects are amplified at low concentrations 
and in complex pediatric serum matrices, particularly for es-
tradiol and testosterone. 

Overall, these findings emphasize that while automated 
immunoassays remain indispensable in routine pediatric 
practice, their clinical interpretation must be platform-spe-
cific. Inadvertent switching of analytical platforms during 
follow-up may introduce artificial trends that mimic true bi-
ological change and lead to misinterpretation of disease pro-
gression or treatment response (1, 2). 

LIMITATIONS 

Several limitations should be acknowledged. First, LC-
MS/MS was not included as an external reference method, 
limiting assessment of absolute analytical accuracy, particu-
larly for estradiol and testosterone. Future validation against 
LC-MS/MS would strengthen confidence in platform-spe-
cific performance. Second, the study population was derived 
from a single center, which may limit generalizability to 
other settings or ethnic groups. Third, within-run and be-
tween-run reproducibility between platforms was not directly 
compared, which may influence clinical reliability during se-
rial monitoring. Fourth, differences in sample matrix (pediat-
ric serum versus adult female serum) may also affect assay 
comparability, particularly for estradiol, and should be inter-
preted cautiously. Finally, potential interferences such as het-
erophilic antibodies or biotin were not systematically evalu-
ated and may contribute to variability in real-world clinical 
samples. 

CONCLUSION 

In conclusion, although both the Roche Cobas Pro and 
Siemens Atellica Solution platforms provide high-through-
put hormone measurements suitable for pediatric endocrine 
testing, their results are not interchangeable, particularly for 
LH and estradiol. The magnitude of observed bias is suffi-
cient to influence clinical classification in pediatric puberty 
assessment. Clinicians are advised to avoid cross-platform 
comparison during longitudinal follow-up and to apply plat-
form-specific pediatric reference intervals consistently. Ra-
ther than relying solely on method harmonization at the cali-
bration level, these findings highlight the need for harmo-
nized, platform-specific pediatric reference standards sup-
ported by clinical outcome data. This study provides a foun-
dation for developing standardized, platform-aware ap-
proaches to pediatric hormone interpretation and supports fu-
ture external validation using LC-MS/MS to improve diag-
nostic accuracy and clinical confidence. 
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