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To the Editor,

Prostate-specific antigen (PSA) is used as a biomarker for the
detection of biochemical recurrence after prostate cancer
treatment with radical prostatectomy [1]. A consistent rise in
PSA levels above 0.1 or 0.2 μg/L may warrant blind salvage
therapy or additional imaging studies, respectively [1, 2]. In
clinical practice, assays with increased analytical sensitivity,
which detect PSA levels well below 0.1 μg/L (e.g., limit of
detection (LoD) of 0.003–0.04 μg/L; Supplementary Table 1),
allow for reporting even lower PSA values.

An understanding of the imprecision of PSA assays at
the lower end of the measurement range is required to
better inform both physicians and patients during follow-up
after radical prostatectomy. In addition, the follow-up of
patient results over various laboratories and/or multiple
analyzers of the same laboratory necessitates data on inter-
laboratory and intra-laboratory variation. Indeed, this has
been elegantly illustrated by the case of a traveling patient

[3]. However, to our knowledge, comprehensive studies on
this topic are lacking.

Therefore, first, we assessed the inter-laboratory vari-
ation at the lower end of themeasurement range of common
PSA assays using data of the fourth 2021 round of the Dutch
Foundation for Quality Assessment in Medical Laboratory
Diagnostics (SKML) external quality assessment (EQA)
scheme. EQA material consisted of pooled patient serum.
Comparable between-method behavior of human-based
samples supports their commutability [4]. The average
values and dispersion were estimated using robust statistics
(Supplementary Methods) [5]. Figure 1A shows the distri-
bution of PSA results stratified by method. Three results
were identified as outliers (>3 SD difference from the
method’smean) and excluded, leaving 110 results for further
calculations. In these samples, PSA ranged from 0.050 to
0.170 μg/L, with an All Labs Trimmed Mean (SD) of 0.080
(0.015) μg/L and consensus value of 0.088 μg/L. Stratified
analyses showed clinically relevant inter-laboratory varia-
tion, both between and within methods. In this regard, the
largest difference between methods, observed between the
Abbott and Siemens Advia/Centaur methods (Figure 1B),
translated into a 0.080 μg/L difference in PSA. In addition,
the coefficients of variation (CVs) within the same method
ranged from 7.0 to 31.4 % (Supplementary Table 1).

Second, we used commercially available human-based
internal quality control (IQC) samples (Ultra-Low PSA
Control, Randox Laboratories Ltd., Crumlin, County Antrim,
United Kingdom) to estimate intra-laboratory variation in a
multisite hospital laboratory facility (Zuyderland Medical
Center, the Netherlands). PSA was measured with the Elecsys
total PSA assay (Roche Diagnostics, Basel, Switzerland) on five
e801 immunochemistry modules (Roche Diagnostics) which
were part of five Roche Cobas Pro analyzers, distributed
across two laboratory sites. Manufacturer provided within-
run and total CV were 4.8 % and 5.1 %, respectively, at a PSA
level of 0.0211 μg/L [6]. The IQC samples had a target value of
0.055 μg/L. The results of an EP15-A2 protocol [7] on a single
analyzer (within-run CV 2.2 %, total CV 3.6%) verified the
specifications provided by the manufacturer. Subsequently,
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the IQC samples were analyzed on a daily basis on all ana-
lyzers. Four outliers were excluded. Applying a virtual
analyzer model to summarize the results across all analyzers
[8], mean PSA was 0.054 μg/L and the intra-laboratory CV was
4.3 % (Figure 2A). A comparison of individual analyzers
showed that CVs ranged from 2.3 to 4.5 %. In addition, sys-
tematic differences were observed between the analyzers,
with a maximum difference of 0.004 μg/L (7.4 % of overall
mean). The impact of calibration was in the same order of
magnitude (0.005 μg/L). Onboard time of reagent bottles did
not materially affect PSA level in an exploratory analysis
(Supplementary Figure 1).

Third, we used the results of duplicate PSA measure-
ments in the same laboratory facility to examine the intra-
laboratory variation and the distribution of results at the
lower limit of the measurement range. The Elecsys total
PSA assay has a limit of blank (LoB), LoD and limit of
quantification (LoQ) of 0.006, 0.010 and 0.014 μg/L, respec-
tively [6]. In addition, the lower limit of reporting (LLoR)
was defined locally at 0.030 μg/L. From 01-01-2023 to 31-03-

2023 all PSA results below 0.030 μg/L on the Cobas Pro an-
alyzers were analyzed in duplicate (n=436). Figure 2B
shows the distribution of results categorized by the LoB,
LoD, LoQ and LLoR. Median [25th–75th percentiles] PSA
was 0.006 [0.006–0.0104] μg/L and 58.7 % of results were
below LoB. Subsequently, the CV was calculated based on
duplicate measurements as described previously [9]. Sam-
ples with afirst result below LoB (because of censoring) and
three outliers were excluded from these analyses. The CV
was 7.9 % for PSA values between LoB and LLoR, ranging
from 4.4 % between LoQ and LLoR to 10.0 % between LoB
and LoD (Figure 2B).

Overall, in this study, inter-laboratory but not intra-
laboratory variation convincingly contributed to clinically
relevant uncertainty in the PSA results measured after
radical prostatectomy.

Albeit small on an absolute scale, the inter-laboratory
variation is large enough to cause discordant classification at
the clinical decision limits for imaging or salve therapy. This
finding contrasts with the acceptable harmonization of PSA

Figure 1: Inter-method comparison of PSA assays at the lower end of the measurement range. (A) Histogram of the results based on a single external
quality assessment sample. (B) Relative bias vs. consensus stratified by method. Bars indicate 95 % confidence intervals.
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at levels above 0.5 μg/L [4, 10] and warrants further stan-
dardization or harmonization efforts. Until then, the use of a
single method for patient monitoring is recommended.

In contrast, intra-laboratory variation was small and is
expected to be a minor source of ‘transient increases’ in PSA
or clinical delay after radical prostatectomy in the multisite
laboratory studied. In this regard, the bias between the
Cobas Pro analyzers was in the same order of magnitude as
the measurement uncertainty resulting from analytical
variation within analyzers.

From a practical point of view, these results indicate the
need for characterizing andmonitoring the imprecision and
bias of the PSA assay at the lower end of the measurement
range in individual laboratories. Laboratories that offer the
PSA assay on multiple analyzers may incorporate the bias
between analyzers in their estimate of long-term analytical

variation to better inform physicians about the expected
measurement uncertainty. For example, the IQC-based
intra-laboratory CV corresponds to an expanded measure-
ment uncertainty (coverage factor=2) of approximately 8.6 %
or 0.009 μg/L at a PSA level of 0.110 μg/L. Thus, for a PSA level
of 0.110 μg/L, slightly above the clinical decision limit, the
true value is expected to be within the interval 0.101–
0.119 μg/L with a probability of 95 %. In addition, the LLoR of
the PSA assay should be defined carefully considering the
controversy surrounding the benefits of PSA assays with
increased analytical sensitivity during routine follow-up
after radical prostatectomy [1]. Finally, repeated measure-
ment using (automated) reflex testing may prevent unnec-
essary anxiety when PSA results increase to levels above the
LLoR whereas repeated sampling is mandatory for the
diagnosis of biochemical recurrence [2].

Figure 2: Analytical variation of the Roche Elecsys total PSA assay at the lower end of themeasurement range. (A) Levey-Jennings plot showing the results
of one month daily measurement of a human-based internal quality control sample (target value 0.055 μg/L) in a multisite hospital laboratory facility,
stratified by analyzer. Dashed lines indicate the control limits, which are based on a virtual analyzer model. Three outliers are indicated in red color. A
fourth (extreme) outlier was outside the limits of the plot (PSA 0.0142 μg/L measured at Cobas Pro-5). The number of results, mean result (μg/L) and
coefficient of variation are shown per analyzer. (B) Analytical variation based on duplicate measurements. The number of results and mean result (μg/L)
permeasurement interval are based on all available results. Sampleswith a first result below the limit of blank and 3 outliers were excluded for calculation
of the coefficients of variation. LoB, limit of blank; LoD, limit of detection; LoQ, limit of quantification; LLoR, lower limit of reporting.
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This study had some limitations. First, the number of
non-Roche participants in the EQA rounds was limited.
Hence, the results for these methods may be less accurate.
Second, monitoring of the intra-laboratory variation using
IQC samples was limited to one month and may, therefore,
not have captured all sources of variation.

Nevertheless, we believe that the results of this study
provide valuable insight in the performance of PSA assays at
the lowermeasurement range and offer clues tomitigate the
impact ofmeasurement uncertainty on patientmanagement
after radical prostatectomy. In this regard, evidence-based
clinical performance specifications or data on biological
variation after radical prostatectomy to define analytical
performance specifications more formally are an
unmet need.
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