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Polyethylene glycol precipitation
Is a useful method for excluding
the interference of unexplained
elevated CA 19-9

Sha Lin', Qi Wang'?, Xiaopeng Yu?, Yajun Tan?, Yifan Yao', WeiLin Mao! & GuangHua Ma'**

With improved living standards and increased health awareness among Chinese residents,
carbohydrate antigen 19-9 (CA 19-9) has become a routine marker in health examinations. Elevated
CA 19-9 levels are frequently observed in clinical practice. Although chemiluminescence technology

is widely recognized for its high sensitivity and specificity, it cannot eliminate interference, which

may lead to deviations and misdiagnoses. This study aims to find a simple and effective method

to confirm and exclude the interference of CA 19-9 on the Abbott platform. 342 individuals with
unexplained elevated CA 19-9 in serial determinations for more than 6 months were included as

cases. Serum samples from individuals with persistently elevated CA 19 -9 levels were evaluated via
sialidase treatment, polyethylene glycol (PEG) precipitation, gel filtration chromatography (GFC),
gradient dilution assays, heterophile antibody blocking assays and rheumatoid factor titer assays.

Out of 342 individuals with elevated CA 19-9, 77 cases were confirmed as interferent by the sialidase
treatment. There was a significant consistency between the PEG precipitation and sialidase treatment
results (kappa=0.920). Compared with the sialidase treatment method, the specificity of the PEG
precipitation method was 96.2%, and the sensitivity was 100%. When the cutoff value for the CA 19-9
recovery after PEG precipitation was below 37.9%, the area under the curve (AUC) was highest at 0.993
(95% Cl 98.5-99.8%). The PEG precipitation method is useful and reliable for patients with unexplained
elevated CA 19-9. This method could effectively identify the interference, reduce clinical misdiagnosis,
alleviate unnecessary financial burdens on patients.
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Carbohydrate antigen 19-9 (CA 19-9) is a glycoprotein belonging to the sialylated Lewis blood group antigen
family and is typically found in trace amounts in the epithelial cells of various tissues, including the salivary
glands, prostate, pancreas, breast, stomach, bile ducts, gallbladder, and bronchi, in healthy individuals!. CA
19-9 is a useful tumor marker for diagnosing pancreatic cancer, monitoring treatment efficacy, and tracking
recurrence”. However, elevated serum CA 19-9 concentrations are also observed in benign conditions such as
benign tumors, inflammation, hyperplasia, and metabolic dysfunction®. In addition to these identifiable causes,
some patients experience “unexplained elevated CA 19-9”, posing a diagnostic challenge for clinicians.

Multiple platforms are available for CA 19-9 testing, each varying in methodology, antibody selection, and
reference ranges, with no international standardization. The reagents used on different platforms also differ
in their ability to prevent nonspecific binding, which can lead to discrepancies in test results* and complicate
clinical diagnosis. The CA 19-9 assay used in this study was performed on the Abbott Alinity i platform, an
automated analyzer utilizing chemiluminescent microparticle immunoassay (CMIA) technology. This system
employs anti-analyte-coated paramagnetic microparticles and anti-analyte acridinium-labeled conjugates,
offering high automation, specificity, sensitivity, and a broad linear range. Despite its excellent performance, the
assay remains vulnerable to interference, potentially affecting results and leading to inappropriate treatments or
unnecessary invasive procedures>®.
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Traditional interferences in immunoassays include heterophile antibodies, rheumatoid factor, biotin,
autoantibodies, and cross-reactivity’. Addressing these interferences to enhance the accuracy of CA 19-9
testing is a key focus for clinical and laboratory professionals. The CA 19-9 assay with Alinity i is based upon
a monoclonal antibody, 1116-NS-19-9, which reacts with a carbohydrate antigenic determinant expressed on
the circulating antigen. This method can detect tumor-associated antigens present as monosialogangliosides in
tissues and carbohydrate-rich glycoproteins in serum.

CA 19-9 is a type-1 tetrasaccharide tumor-associated carbohydrate antigen named Sialyl Lewis a (SLe?) that
includes fucose, N-acetylglucosamine, galactose, and sialic acid®. Altered glycans are often found in cancers that is
associated with abnormal expression of the glycosylation biosynthetic pathways, leading to variations in the basic
core carbohydrate chains conjugated to glycoproteins and glycolipids, and it particularly affects the expression of
sialic acids that cap cell surface glycans®. The SLe® tetrasaccharide stems from incomplete synthesis of the normal
glycan disialyl Le? which has an additional sialic acid moiety compared to SLe? (Fig. 1)°. Borenstein-Katz, et al.
presented detailed structural information for the CA 19-9 and its recognition by monoclonal antibody, 1116-
NS-19-9, and has shown that binding of full-length antibody to SLe*-nanoparticles with multivalent expression
of antigen, coated on a solid surface showed binding to SLe?, but complete loss of binding to Le* antigen that
lacks the terminal sialic acid, which implies that sialic acid recognition plays an important role for the binding of
the 1116-NS-19-9 antibody. Sialidase removes terminal sialic acids from gangliosides'’and at the cellular level,
causes cleavage of a sialic acid residue of glycan moiety linked to cellular glycoproteins!®.

Sialidase treatment is effective in identifying CA 19-9 interference; however, its complexity, high cost, and
time consumption make it unsuitable for routine clinical screening. In contrast, the polyethylene glycol (PEG)
precipitation method is simple, cost-effective, and easy to perform. Early screening via PEG precipitation is
a reliable method for ruling out further invasive or costly medical examinations. PEG precipitation has been
mentioned in previous reports, such as the interference of macroprolactin, macro-B12, macro-TSH, and
macro-troponin!?~!6. Abnormally elevated CA 19-9 levels may be associated with antibody-mediated analytical
interferences such as macro-complexes of CA 19-9 (macro-CA 19-9, generally with immunocomplexes)!”.
However, it has yet to be systematically validated in routine laboratory practice for CA 19-9 interference.

Our research aims to find a simple, cost-effective analytical method to detect interference in CA 19-9
elevations, ultimately improving clinical outcomes and patient management.

Materials and methods

This project was approved by the Ethics Committees of the First Affiliated Hospital, College of Medicine, Zhejiang
University. The study has been conducted in accordance with the principles outlined in the 1964 Declaration of
Helsinki and its subsequent amendments, and prior informed consent was obtained from the enrolled patients.

Specimen source and determination

Individuals enrolled in this study underwent healthy physical examinations at The First Affiliated Hospital of
Zhejiang University College of Medicine between April 2022 and April 2024 who were serial determinations
for more than 6 months. The clinical diagnoses and imaging data of the selected cohort were reviewed, and
342 cases of unexplained CA 19-9 elevation were identified. The other tumor markers and serum biochemical
parameters of these cohorts were negative, and they were also negative for other chronic diseases according to
laboratory evidence and computed tomography (CT) or contrast-enhanced magnetic resonance (MR). CA 19-9
measurements were performed via the Abbott Alinity i platform, and serum samples were collected and stored
at — 80 °C for further analysis.

Additionally, 130 patients with true CA 19-9 elevation which were treated via Sialidase treatment as positive
controls, these individuals also had evidences of elevated CA 19-9 based on clinical diagnosis, imaging and
pathological data. All positive control samples were subjected to each interference exclusion methods to validate
the assay performance.

DLe®
B3GALTS sT30 Sl el Le® ST6GalNAc VI
GlcNAcB1-Gal-R Galp1-3GIcNAcB1-Gal-R R Galp1-3GIcNAcp1-Gal-R
2 Q
GalB1-3GIcNAcp1-Gal-R 8 5
Sialic acid Sialic acid
f
P a
a3
Sialic acid Fuc DLe?
______ | . 8 8
= Sialic acid Fuc a & A
I 'Malignant | Normal R 2 SLe’) Galp1-3GIcNAcp1-Gal-R
- — - — - = IGalp1-3GIcNAcB1-Gal-R | pS
L — 1 Sialic acid

Fig. 1. Biosynthetic pathway of CA 19-9.
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Sialidase treatment

The sialidase dilution solution (pH 4.5 +0.05, 20-25 °C) was prepared using distilled water, acetic acid, NaOH,
and BSA. 5 ml of this mixture was added to a tube containing 5 units of sialidase (Sigma, USA) and mixed
thoroughly, creating a stock solution with a concentration of 1 U/mL. For the preparation of “Treatment Solution
17 (500 mU/mL), the stock solution was diluted 1:1 with the sialidase dilution solution. The sialidase dilution
solution alone was used as “Treatment Solution 2"

Equal volumes of the serum samples and the control were added to 50 pL of Treatment Solution 1 and
Treatment Solution 2, respectively. The mixtures were sealed with paraffin film and incubated at 37 °C for 24 h.
After incubation, the mixtures were thoroughly mixed, and CA 19-9 levels were measured. According to the
mechanism of sialidase specificity hydrolyzing on sialic acid, sialidase could remove the terminal sialic acids
from gangliosides and eliminate the binding site of the 1116-NS-19-9 antibody'®.If the CA 19-9 level in the
mixture containing Treatment Solution 1 was below the detection limit (The concentration of CA 19-9<2 U/
mL), while the CA 19-9 level in the mixture containing Treatment Solution 2 remained unchanged, it indicated
that sialidase removes terminal sialic acid and the sialic acid residues linked to cellular glycoproteins. This
confirmed the presence of true CA 19-9.

Immunoassay interference exclusion methods

Polyethylene glycol (PEG) precipitation

Polyethylene glycol (PEG) 6000 functions similarly to a sponge, capturing water within protein structures.
This process modifies their solubility, leading to protein precipitation'® Proteins with higher molecular weights
exhibit lower solubility compared to those with lower molecular weights!’. Treating samples with 25% PEG 6000
is a standard approach for detecting autoantibody complexes and is broadly useful in determining whether an
antibody is the source of suspected interference'’.

An equal volume of 25% PEG 6000 solution was added to each serum sample. After thorough mixing, the
samples were incubated at room temperature for 30 min and then centrifuged at 1800 x g for 10 min?. The
concentration of CA 19-9 in the supernatant was measured. The percentage of CA 19-9 recovery after PEG
precipitation was calculated via the following formula:

2 x CA19 — 9after PEG
Recovery(%) = =5379 — obefore PEG < 1007

Heterophile antibody blocking

Heterophile antibodies are low-affinity, multi-specific antibodies formed early in immune responses that target
undefined epitopes, including those from animals such as mice, horses, goats, and sheep?!. The heterophile
blocking reagent (HBR) contains a unique blocking component designed to inactivate heterophile antibodies.
When a specific blocking agent binds to a heterophile antibody, it prevents the antibody from causing immune
interference. For this procedure, 100 uL of serum was mixed with 15 pL of HBR (Zen-Bioscience, China) and
incubated at room temperature for 30 min before CA 19-9 analysis.

Gradient dilution assay

Patient samples were diluted by factors of 2, 4, and 8 with Abbott Alinity i sample dilution solution, and the
average recovery rate was assessed. Under normal conditions without interferences, the concentration of the
analyte should decrease linearly as the sample is diluted'®. The study of dilution linearity for the CA 19-9
assay was conducted according to the guidelines of the National Committee for Clinical Laboratory Standards
(NCCLS) EP6-P2, with the manufacturer’s guidelines indicating an average recovery rate of 100+ 15%.

Rheumatoid factor assay

The rheumatoid factor (RF) titer was analyzed via immunoturbidimetry using a fully automated protein analyzer
(BN II System, Siemens). The reagents and quality controls were sourced from Siemens, and the reference range
was 0-20 IU/mL.

Gel filtration chromatography (GFC) assay

GFC analysis was performed to confirm the presence of immune complex interference. The analysis was carried
out via the AKTA-pure 25 system (GE Healthcare) with a Superdex 200 column (10 x 300 mm, GE Healthcare)
for sample detection and separation. The column was initially equilibrated with PBS. After reaching equilibrium,
500 uL of the sample was injected at a flow rate of 0.5 mL/min. The detection wavelength was set at 280 nm, and
the eluted fractions were collected at one-minute intervals.

The components of each eluted fraction, including CA 19-9, immunoglobulins (IgA, IgG, and IgM), and
albumin, were analyzed to generate chromatograms. IgA, IgG, and IgM were measured on the HITACHI
platform (Hitachi Diagnostics Co., Ltd. Japan), albumin was measured on the ROCHE Cobas c702 platform
(Roche Diagnostics Co., Ltd. Switzerland), and the CA 19-9 concentration was measured on the Abbott Alinity
i platform.

Statistical analysis

Gel filtration chromatography data were analyzed via Excel 2010 software (Microsoft Inc., USA). The chi-square
test and Mann-Whitney U test was used as appropriate for comparing categorical and nonnormally distributed
continuous data, respectively. Receiver operating characteristic (ROC) curve analysis was used to determine the
optimal cutoft values for PEG, HBR and dilution, aiming to achieve the best AUC, specificity, and sensitivity.
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Statistical analyses were performed via SPSS version 23.0 (SPSS Inc., Chicago, IL, USA). Graphical analyses and
data visualizations were generated via R version 4.3.1 (R Foundation for Statistical Computing).

Results

Characteristics of the individuals enrolled in this study

A total of 342 cases of unexplained elevation of CA 19-9 were enrolled according to clinical diagnosis, imaging,
pathological data and sialidase treatment. On the basis of the results of sialidase treatment, we categorized
the 342 cases into two groups: the non-interference group (265 cases) and the interference group (77 cases).
The non-interference cases were selected as the negative control group. 130 cases of CA 19-9 positive were
selected as positive control group based on clinical diagnosis, imaging, pathological data and confirmed by the
sialidase treatment method. We performed immune interference analysis (PEG, HBR, Gradient dilution, RF) for
interference group, non-interference group and the Positive Controls. GFC analysis was performed for the group
with interference cases. The identification process and distribution of interference for both cases and controls
are illustrated in Fig. 2. Among the 77 cases in the interference group, PEG precipitation identified interference
in all 77 cases, showing good correlation with the sialidase treatment. The HBR treatment showed 39 cases
of interference, while the dilution assay identified interference in 21 cases, additionally, 8 cases had RF levels
exceeding the upper limit. The results of the positive control group remained unaffected by both the heterophile
antibody blocking reagent and PEG precipitation method. RF was detected in 5 samples among the positive
control group. 7 samples exhibited a loss of linearity upon Gradient dilution assay. The characteristics of the
cases and controls, along with the results of the interference studies, are summarized in Table 1.

Determination of the optimal cutoff value of different methods for the interference
determinant
The ability of PEG precipitation, HBR treatment, and gradient dilution assays to predict CA 19-9 interference
was analyzed via ROC curves, which were used to compare the CA 19-9 interference group with the non-
interference group (Fig. 3A-C). The areas under the curves (AUCs) for the PEG precipitation, HBR, and gradient
dilution assays were 0.993 (95% CI 98.5-99.8%), 0.852 (95% CI 79.6-88.6%), and 0.735 (95% CI 65.1-81.6%),
respectively.

Using the Youden index (Fig. 3D-F), we established that when the PEG precipitation rate was lower than
37.9%, it exhibited a sensitivity of 100% and specificity of 96.2%. For HBR treatment, a rate lower than 47.4%
resulted in a sensitivity of 50.6% and specificity of 97.4%. For the gradient dilution assay, a rate lower than 85.7%
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Fig. 2. Flow diagram of case and control interference identification processing.
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Sensitivity (%)

Positive controls (n=130)

Pancreatic cancer Cholangiocarcinoma | Rectal cancer Non-interference cases | Interference cases
Characteristics n=48 n=35 n=47 n=265 n=77
Age years (median, IQR) 67 (58-74) 67 (62-71) 61 (54-67) 42 (31-61) 48 (36-58)
Sex (M/F)

27/21 20/15 34/13 53/212 32/45

CA19-9 U/ml (median, IQR)

567.0 (250.8-2752.6)

192.3 (104.4-1087.9)

88.10 (67.30-131.50)

149.80 (89.97-255.43)

825.1 (579.4-3116.4)
PEG(N) - - - 10 77
HBR(N) - - - 7 39
DIL(N) 3 2 2 12 21
RE(N) 2 3 - 10 8
GFC(N) - - - - 71

Table 1. Descriptive statistics of the subjects and results of the interference studies. M/F Male/Female, IQR
interquartile range, PEG Polyethylene glycol precipitation, HBR Heterophile blocking reagent treatment, DIL
Gradient dilution assay, RF Rheumatoid factor assay, GFC Gel filtration chromatography assay.
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Fig. 3. PEG precipitation, HBR treatment and gradient dilution assay as predictors of CA 19-9 interference.
(A-C) Receiver operating characteristic (ROC) analyses of PEG precipitation, HBR treatment and the gradient
dilution assay as predictors of CA 19-9 interference. (D-F) Curves of the specificity, sensitivity and Youden
index for PEG precipitation, HBR treatment and gradient dilution assay. The position of the black vertical
dotted line represents the maximum Youden index that was used to predict CA 19-9 interference.
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CA19-9 Concentration (U/mL)

CA19-9 Concentration (U/mL)
N
&

PEG method (N=342) | HBR method (N=342) | DIL method (N=342) RF method (N=342)
Sialidase treatment (N=342) | Negative Positive | Negative Positive Negative Positive Negative Positive
ZNgsga“VC 255 (96.2%) | 10 (3.8%) | 258 (97.4%) | 7 (2.6%) | 253 (95.5%) | 12 (4.5%) | 255 (96.2%) | 10 (3.8%)
Positive
b 0 (0%) 77 (100%) | 38 (49.4%) | 39 (50.6%) | 56 (72.3%) | 21 (27.3%) | 69 (89.6%) | 8 (10.4%)
Cohen’s Kappa coefficient 0.920 0.560 0.285 0.091

Table 2. Analysis of the consistency of the Sialidase treatment and interference exclusion methods. Negative
sialidase treatment indicates no interference and the Positive sialidase treatment indicates interference; Positive
for PEG precipitation: a recovery of serum CA19-9 was less than 37.9%; Positive for HBR treatment: a recovery
of serum CA19-9 was less than 47.4%; Positive for the gradient dilution assay: the average recovery rate
exceeded the range of 100 £ 15%; Positive for RF assay: the test result was >20 IU/mL.
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Fig. 4. Chromatographic elution profiles of the control and interference samples. (A) Control sample. (B)
Immunocomplex IgG cases. (C) Immunocomplex IgA cases. (D) Immunocomplex IgM cases.

was associated with a sensitivity of 66.2% and specificity of 87.5%. However, as the AUC for the RF titer assay
did not achieve the desired value, it failed to predict the interference of CA 19-9.

Consistency analysis of immunoassay interference exclusion methods

Based on the results of the sialidase treatment, the consistency analysis was conducted for the interference
exclusion methods. The consistency results of each interference method compared with those of the sialidase
treatment were as follows: the PEG method had a kappa value of 0.920, the HBR method had a kappa value of
0.560, the DIL method had a kappa value of 0.285, and the RF method had a kappa value of 0.091. The PEG
method has the best consistency (Table 2).

GFC analysis of specimens with CA 19-9 interference

Among the 77 interference cases, we identified 71 cases with elevated CA 19-9 levels were attributed to the
presence of Macro-CA 19-9. GFC analysis revealed that the majority of these cases were immunocomplexes
involving immunoglobulin G (IgG), accounting for 68 of the 71 cases. In addition, 2 cases involved CA 19-9
bound to immunoglobulin A (IgA), and 1 case involved immunoglobulin M (IgM) (Fig. 4). Our results are
consistent with previous reports!*indicating that IgG is the predominant immunoglobulin involved in the
immunocomplexes and plays a dominant role in interference with CA 19-9 detection.

Discussion

Immunoassay interference is a common issue that can significantly affect the accuracy of results. For example,
cross-reactivity may occur when other substances bind to detection antibodies, resulting in false-positive or
false-negative results. Additionally, high concentrations of interfering substances may occupy antibody binding
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sites, impacting the measurement of the target substance thereby affecting the assay’s specificity and sensitivity.
In our research, we implemented different methods, such as PEG precipitation, HBR treatment, and gradient
dilution assays, to mitigate CA 19-9 interference.

Rheumatoid factor (RF), an autoantibody that targets denatured IgG, presents a particular risk in
immunoassays. Both IgM and IgG types of RF in human serum can directly bind to antibodies and enzyme-
labeled secondary antibodies in the chemiluminescence system, potentially leading to false-positive results*>?%,
In this study, among the 77 interference cases, 8 samples were positive for RF, which may explain the false
elevation of CA 19-9 in this cohort. Although manufacturers claim that immunoassays are designed with specific
safeguards against RF interference, these measures do not eliminate interference. Since in interference group,
only 8 samples tested positive for RF we could not generate a precise area under the curve (AUC) value for the
receiver operating characteristic (ROC) curve, these results are not presented in the manuscript.

Diluting samples could destroy the binding of low-affinity nonspecific substances to the analyte, thereby
achieving anti-interference effects. Theoretically, without interference, the analyte concentration should
decrease linearly upon dilution. However, if interference exists, the response may not be linear?. Among
the 77 interference cases, only 21 samples showed a linear loss, indicating potential interference, whereas 56
maintained a linear relationship. Owing to the unsatisfactory linear results, the dilution method was not effective
in identifying interference from suspected cross-reactivity. A previous study revealed that linear outcomes may
not confirm the absence of interference?in our study of 265 non-interference cases, 12 samples also lacked
linearity after dilution, reinforcing this point. Both linear and nonlinear results were observed in interference
group and non-interference group.

Heterophile antibodies are low-affinity nonspecific antibodies that can be either natural or autoimmune and
are capable of reacting with various antigens and often appear early in immune responses, including human
anti-animal antibodies (HAMAs)?!. These antibodies are present in patients receiving monoclonal antibody
treatments or those with a history of animal exposure?’. Additionally, vaccination may lead to the production
of heterophile antibodies?®. A heterophile blocking reagent (HBR) can partially inactivate these antibodies to
block nonspecific binding. In our study, among the 77 interference cases, 39 samples presented a decrease in
CA 19-9 concentration after treatment with HBR, with recovery rates below 47.4%, indicating interference.
Notably, HBR does not always reliably identify heterophile antibodies?!. In our consistency analysis, the kappa
value of HBR was 0.560, with a sensitivity of 50.6% and specificity of 97.4%. Our results showed that CA19-9
concentrations in the interference group were only partially reduced following HBR treatment. The limited
efficacy not only indicates that heterophilic antibodies are not the main source of interference in our study, but
also reveals the inherent limitations of this method. Moreover, the cost of HBR is significantly greater than that
of the PEG method. The superior performance of PEG precipitation further supports this conclusion, which
effectively removes the immune complexes?®. PEG treatment achieved a greater reduction in CA 19-9 levels
and demonstrated higher sensitivity and specificity for identifying assay interference, highlighting its diagnostic
advantage over HBR.

Gel filtration chromatography (GFC) is a chromatographic technique based on the separation of molecules by
size. In the GFC analysis, 71 samples showed immune complex interference. Most of them are immunocomplex
IgG. IgG antibodies are produced by B cells and bind to specific antigens to form immune complexes, which
could explain the 68 cases of immunocomplex IgG. In China, many healthy individuals use traditional Chinese
medicines such as Dendrobium officinale and Cordyceps sinensis**which may produce metabolites that can
interfere with measurements. These metabolites may be unstable or poorly resolved in GFC?!. This may explain
why 6 cases did not exhibit the presence of immune complexes. However, PEG precipitation can lead to the
aggregation of large molecules through nonspecific interactions, resulting in the elimination of interference with
CA19-9, which may explain why PEG precipitation identified 77 cases of interference, whereas GFC detected
71 cases.

The falsely elevated CA19-9 levels observed in some samples are due to the presence of macro-CA 19-9
formed by the binding of CA 19-9 to endogenous immunoglobulins (mostly IgG). These macro-complexes differ
from free CA 19-9 typically associated with disease. However, they also could be recognized by assay antibodies,
resulting in artificially elevated CA 19-9 values®?. The formation of this complexes may protect CA19-9 epitope
from enzymatic degradation, prolong their circulation, or alter their behavior in immunoassays, contributing to
misleading results®*.

PEG precipitation is a simple and effective approach for detecting such interference. PEG could selectively
precipitate high-molecular-weight proteins and complexes, including macro-CA 19-9, while leaving free CA
19-9 in solution. Therefore, a significant reduction in CA 19-9 concentration following PEG treatment serves
as an indirect marker for the presence of macro-complexes, improving the analytical specificity of the assay>*.

Among the 265 non-interference patients, their biochemical and tumor marker levels were normal, and
imaging and endoscopic exams were negative. Traditional Chinese medicine and black tea, which contain
components such as Astragalus membranaceus and tea polyphenols that may stimulate CA 19-9 secretion, have
been reported®>°. Although reports have suggested that COVID-19 vaccination might increase tumor marker
levels, particularly when accompanied by traditional Chinese medicine treatment>”8. While these factors are
likely to contribute to an increase in CA 19-9, but we have not found evidence in our research to date.

To our knowledge, we are the first to systematically propose the use of polyethylene glycol (PEG) to screen for
CA 19-9 interference. PEG is a nonionic, linear polysaccharide that alters the solubility of proteins by capturing
water, leading to precipitation'®. PEG 6000 (25%) is commonly used to identify the presence of autoantibody
complexes and some nonspecific binding antibodies!?. Our study revealed that 22% of cases exhibited antibody-
mediated interference, highlighting the significant prevalence of macro-complexes among the selected patients.

PEG precipitation is commonly used in clinical laboratories because of its simplicity, speed, and
reproducibility. In this study, among the 342 cases with unexplained elevated CA 19-9, 77 cases were identified as
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interference, with a significant decrease in the CA 19-9 concentration in the supernatant after PEG precipitation.
The current data suggest that PEG precipitation is highly consistent with sialidase treatment for detecting CA
19-9. However, our study still has some limitations. First, duo to PEG precipitation is a nonspecific method,
potentially false negatives are also observed in prolactin precipitation experiments'®. Among the 265 true
positives, 10 cases presented false negative results. Such cases require careful validation and communication
between laboratories and clinical doctor. Second, the reference interval for CA19-9 recovery after PEG
precipitation was not established in this study, future studies are needed to define the recovery reference interval
for clinical application. Third, because the correct interference of interference is indistinct, the internal standard
substance of spiking experiments is difficult to determine, we did not perform spiking experiments in this study.
In conclusion, ROC curve analysis revealed that PEG precipitation had a sensitivity of 100% and specificity
of 96.2%, demonstrating significant consistency with sialidase treatment (Cohen’s kappa coefficient=0.920).
Owing to its cost-effectiveness, simplicity of operation and strong correlation with sialidase treatment via PEG
precipitation, we recommend PEG precipitation for individuals with persistently elevated CA 19-9 levels for at
least six months without clinical symptoms.
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