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Dear Editor,

Prostate-specific antigen (PSA) is secreted by the prostate gland, 

and elevated serum PSA levels are observed in patients with 

prostate cancer, benign prostatic hyperplasia, and prostatitis [1]. 

PSA is currently used for diagnosis or case identification, prog-

nosis with other factors, detecting recurrence, and monitoring 

therapy, but not for screening or early detection, as recommended 

by the National Academy of Clinical Biochemistry (NACB) [2].

PSA levels have been used for risk stratification. The clinically 

relevant PSA cut-off level, 4 ng/mL, is most commonly used [1]. 

After initiation of hormonal therapy, achieving a PSA level of <4 

ng/mL is associated with significantly longer remission, and main-

taining a PSA level <4 ng/mL after three months of therapy is 

predictive of survival [3].

Different PSA assays produce different results with the same 

patient sample [4]. This retrospective multicenter study com-

pared serum PSA levels using four automated chemilumines-

cent immunoassay analyzers that used different calibration ma-

terials: Immulite 2000 XPi (Siemens Healthcare Diagnostics Inc., 

Tarrytown, NY, USA), UniCel DxI 800 (Beckman Coulter, Brea, 

CA, USA), ADVIA Centaur XPT (Siemens Healthcare Diagnos-

tics Inc.), and ARCHITECT i2000SR (Abbott Diagnostics, Abbott 

Park, IL, USA). It was performed in three different affiliated hos-

pitals of The Catholic University of Korea: St. Paul’s Hospital, 

Seoul; St. Mary’s Hospital, Uijeongbu; and St. Vincent’s Hospi-

tal, Suwon. This study was approved by the Institutional Review 

Board of The Catholic University of Korea. 

We used 120 serum samples with PSA levels of 0.04–100 ng/

mL, as evaluated by Immulite 2000Xpi. Samples were stored at 

-70°C and subsequently thawed for analysis with the other ana-

lyzers. We summarized results as mean±SD and performed Pear-

son correlation analysis and Passing-Bablok regression between 

analyzers. In addition, Bland-Altman analysis was performed. 

MedCalc 15.0 (MedCalc Software, Ostend, Belgium) was used 

for all analyses. 

Immulite 2000 XPi showed the lowest mean PSA levels (6.00± 

13.68 ng/mL), while UniCel DxI 800 had the highest (6.81± 

15.79 ng/mL). The concordance rates using cut-off levels of 0.2, 

2.5, 4.0, 10.0, and 20.0 ng/mL are summarized in Table 1. Con-

cordance rates at 0.2 ng/mL were generally low, but those for 

2.5 ng/mL were favorable (96.5–100%). Concordance rates for 

4.0 ng/mL were also favorable (92.3–96.1%), but those for 10 

ng/mL ranged from 83.3% to 100%. At 20 ng/mL, all four ana-

lyzers showed 100% concordance rates. Pearson correlation 

coefficient ranged from 0.956 to 0.993 (Table 1). Comparative 

analysis of PSA levels revealed strong correlations between each 
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Table 1. Pearson correlation coefficients, mean bias, and concordance rates between four analyzers

Pearson 
correlation 
coefficient* 

Concordance rate (%) (95% CI) at different PSA levels

0.2 ng/mL 2.5 ng/mL 4 ng/mL 10 ng/mL 20 ng/mL 

Immulite 2000 Xpi vs UniCel DxI 800 0.968 78.9 (71.3–84.7) 96.5 (94.9–97.5) 92.3 (89.2 -94.6) 86.9 (81.8–90.7) 100 (97.0–100)

Immulite 2000 Xpi vs ADVIA Centaur XPT 0.989 71.9 (62.5–79.2) 96.5 (94.9–97.5) 96.0 (94.4–97.2) 96.7 (95.2–97.7) 100 (97.0–100)

UniCel DxI 800 vs ADVIA Centaur XPT 0.977 92.5 (89.5–94.7) 100 (97.0–100) 92.3 (89.2–94.6) 83.3 (76.9–88.0) 100 (97.0–100)

UniCel DxI 800 vs ARCHITECT I2000SR 0.956 95.3 (93.4–96.7) 100 (97.0–100) 96.2 (94.6–97.3) 83.3 (76.9–88.0) 100 (97.0–100)

ARCHITECT I2000SR vs ADVIA Centaur XPT 0.992 87.9 (83.2–91.4) 100 (97.0–100) 96.1 (94.5 -97.3) 100 (97.0–100) 100 (97.0–100)

ARCHITECT I2000SR vs Immulite 2000 Xpi 0.993 83.4 (77.1–88.0) 96.5 (94.9–97.5) 96.1 (94.5 -97.3) 96.7 (95.2–97.7) 100 (97.0–100)

*P <0.0001 for all.
Abbreviations: CI, confidence interval; PSA, prostate specific antigen. 

Fig. 1. Performance evaluation of four PSA automated analyzers using 120 samples. Passing-Bablok regression and Bland-Altman analy-
sis of Immulite 2000Xpi and UniCel DXI 800 (A), Immulite 2000Xpi and ADVIA Centaur XPT (B), UniCel DXI 800 and ADVIA Centaur XPT 
(C), UniCel DXI 800 and ARICHITECT I2000SR (D), ARICHITECT I2000SR and ADVIA Centaur XPT (E), ARICHITECT I2000SR and Im-
mulite 2000Xpi (F). Dotted lines in Bland-Altman plots indicate mean difference and mean difference±1.96 SD.
Abbreviation: PSA, prostate specific antigen. � (Continued to the next page)
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Fig. 1. Continued.� (Continued to the next page)

analyzer. However, the PSA levels obtained from Immulite 2000 

Xpi were generally lower than those from UniCel DxI (slope=0.842, 

intercept=-0.0187; Fig. 1). Bland-Altman analysis showed that 

this bias was mainly due to underestimation of PSA levels >10 

ng/mL with Immulite 2000 XPi compared with the other three 

analyzers. 

A PSA level of <0.2 ng/mL is significantly associated with dis-

ease-free survival after radiotherapy for prostate cancer [5]. A 
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PSA level <4 ng/mL is associated with significantly longer re-

mission following first-line hormonal therapy [3]. A PSA cut-off 

of 2.5 ng/mL has a prognostic association with disease-free sur-

vival after radiotherapy [6]. A PSA level <4.0 ng/mL following 

first-line hormonal therapy is a favorable prognosis marker, in 

conjunction with tumor stage (<T2b) and Gleason score (<6) 

for salvage therapy [6, 7]. Boccon-Gibod et al. [3] have proposed 

that the application of a PSA cut-off of 4–10 ng/mL over a mini-

mum period of eight weeks would be useful following first/sec-

ond-line hormonal therapy. Moreover, a PSA level of 20 ng/mL 

could be used to define recurrences following treatment [8]. 

Our results showed that all four analyzers equally detected 

one sample with a PSA level >100 ng/mL. Patients with a PSA 

level >100 ng/mL have significantly lower five- and 10-year over-

all survival than patients with a diagnostic PSA level of 20–100 

ng/mL or <20 ng/mL [9]. Gontero et al. [10] have reported that 

prostate cancer patients with PSA levels >100 ng/mL have a 

very high risk of bone metastatic disease.

In summary, the comparison results of these four analyzers 

are quite satisfactory. Nonetheless, a few biases suggest that 

sequential patient monitoring needs to be performed using the 

same analyzer. One limitation of this study was that we used dif-

ferent calibration materials. The development and use of com-

mon calibration materials might help reduce differences between 

these methods.
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