
ARTICLE

A Molecular Tool Set for Measurement of Lung 
Cancer-Associated Protein Biomarker  
CIZ1B-FibA in Human Plasma
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Background: CIZ1B is an alternatively spliced protein fragment of the Cyclin-dependent kinase interacting 
protein 1 (CIP1)-interacting zinc finger protein (CIZ1) complexed with fibrinogen alpha chain (FibA), forming a 
single parameter protein analyte (CIZ1B-FibA). The CIZ1B blood biomarker has potential to indicate the 
presence of early-stage lung cancer and could alter clinical practice.
Methods: We report configuration and calibration of a sandwich ELISA for measurement of CIZ1B-FibA that uses 
a new and highly specific CIZ1B exon junction-selective monoclonal antibody to capture the analyte, and an anti- 
fibrinogen antibody to detect it, in microliter quantities of plasma from lung cancer patients.
Results: The format is tested across 3 independent sample sets encompassing cancer and control samples, yielding 
Receiver Operating Characteristic area under curve (ROC AUC) values of 0.82 for Set 1 (n = 48), 0.81 for Set 2 (n = 38), 
and 0.86 for Set 3 (n = 57), indicating discrimination for individuals with lung cancer including those with stage I or II 
disease (Set 3). However, comparison of the control plasma samples in each set, which were sourced in 3 countries 
with site-specific plasma isolation processes, revealed baseline differences indicating a note of caution regarding 
sensitivity to pre-analytic variables. Application of set-specific thresholds, determined by the maximum Youden 
Index, returned negative predictive values (NPV) of 95%, 77%, and 97% for Sets 1, 2 and 3, respectively.
Conclusion: We describe an affordable and scalable blood test which can measure CIZ1B-FibA and now requires 
further validation of analytical parameters and investigation of potential biological variables.
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INTRODUCTION

Lung cancer often goes undetected until it is too 
late for curative surgical intervention. Around 20% 
of people are diagnosed at stage I, when 5-year sur
vival is 68% to 92%, compared with less than 10% 
survival at stage IV (1). Thus, there remains a pressing 
need for new and economically viable ways to detect 

lung cancer early. At present the only strategy in rou
tine use is low-dose computed tomography (LDCT), 
which has proven mortality benefits when used to 
screen high-risk populations (2, 3). However, mortal
ity reduction is accompanied by high false-positives 
rates, repeated scanning, and invasive follow-up in
vestigation in patients who do not have lung cancer. 
It has long been understood that a liquid biopsy that 
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measures an informative analyte could add value to 
LDCT-based early detection (4) and shift interven
tions away from costly therapeutics toward effective 
and affordable surgical options that are within reach 
of less well-resourced economies.

Cancers shed traces into body fluids, including 
blood, in the form of secreted proteins and nucleic 
acids, or breakdown products of dead and dying 
cells. The possibility that this will allow tumor detec
tion before the onset of clinical symptoms has led 
to concerted efforts to identify biomarkers to sup
port multi-cancer screening, notably cell-free DNA 
(cfDNA). However, identification of early-stage dis
ease is low, at under 25% for stage I cancers, includ
ing lung cancer (5–7), and concerns over sensitivity, 
unproven mortality benefits, and cost-effectiveness 
mean that cfDNA-based screening is unlikely to pro
vide a complete solution. Integration of synergistic, 
disease-specific biomarkers will be required, and 
there is currently no biomarker-based test with use
ful clinical accuracy for early-stage lung cancer being 
deployed at high volume.

CIZ1B is an alternatively spliced variant of Cyclin- 
dependent kinase interacting protein 1 (CIP1)- 
interacting zinc finger protein 1 which functions 
in the nucleus to enhance the stability of epigenetic 
information (8, 9). Disruption of CIZ1 is apparent in 
early-stage breast (10) and lung cancers, and while 
the lung cancer-associated CIZ1B variant is not yet 
causally linked with epigenetic instability, evidence 
is mounting based on the function of the parent 

protein. We showed previously that measurement 
of CIZ1B in blood plasma can reveal the presence 
of tumors in the lung with clinically useful accuracy, 
even at stage I (11). However, timely progress in 
translating its potential has been hampered by unex
pected biochemical characteristics of the biomarker 
itself, and by lack of scalable monoclonal antibodies 
with the necessary clinical discrimination.

Here, we describe progress with generation and 
validation of monoclonal anti-CIZ1B antibodies 
that has unlocked a scalable sandwich ELISA that 
exploits knowledge of the protein complex formed 
in blood between a fragment of alternatively 
spliced CIZ1 and fibrinogen alpha chain, FibA (12) 
(Fig. 1A and B). The assay’s ability to reproducibly 
measure CIZ1B in plasma has been tested across 
3 independent sets of clinical samples. This re
vealed important pre-analytic variables, while 
also supporting the biomarker’s discriminatory po
tential within uniformly acquired sample sets.

See Supplemental Material for clinical sample 
set preparation, Simple Western and recombinant 
protein standards, molar estimates, immunofluor
escence microscopy, and antibodies.

MATERIALS AND METHODS

Clinical Samples

Three sets of clinical samples, including plas
ma from individuals with confirmed lung cancer 

IMPACT STATEMENT
Lung cancer is too often detected at late stages when opportunities for curative surgery have passed and sur

vival rates are low. We previously reported that the CIZ1B blood biomarker can reveal the presence of tumors in 

the lung even at early stages. Here we describe development of scalable molecular tools and an immunoassay 

format that can quantify CIZ1B and confirm the assay’s discriminatory potential using multiple small sample 

sets of different origins. With further analytical and clinical validation the test has potential to improve the early 

detection of lung cancer and decrease healthcare costs by reducing invasive follow-up procedures.

ARTICLE                                                                                                                                                   

2 JALM | 1–15 | 00:0 | 2026

D
ow

nloaded from
 academ

ic.oup.com
/jalm

/advance-article/doi/10.1093/jalm
/jfag124/8766087 by guest on 01 Septem

ber 2026



and controls from individuals without cancer, 
were used. Sample set characteristics are de
tailed in Supplemental Data Set 1. Reference 
samples were a known lung cancer-positive 

plasma sample from Set 3, referred to as 
“Positive reference sample,” and a pooled nor
mal plasma (termed “Control reference sample”) 
obtained from Innovative Research, Inc. Pooled 

Fig. 1. CIZ1B-FibA antigen and antibody evaluation. (A), CIZ1 and CIZ1B alternatively spliced variant, show
ing splicing event in exon 14 and resulting junction sequence recognized by CIZ1B antibodies, and 
N-terminal recombinant immunogen used to raise generic anti-CIZ1 replication domain (RD) antibody 
(13). (B), CIZ1B epitope-containing fibrinogen complex in patient plasma, before and after denaturation 
to release CIZ1B bound to fibrinogen alpha chain (FibA). (C), Summary of monoclonal antibody prepar
ation, selection and validation. (D), Detection of CIZ1B-FibA in human plasma after resolution by molecu
lar weight, using anti-CIZ1B antibodies. (E), Example immunofluorescence image of SBC5 small-cell lung 
cancer-derived cell line (11), probed with anti-CIZ1-RD, and anti-CIZ1B, showing colocalization within 
the nucleus. Arrows point to sub-nuclear CIZ1 protein assemblies encompassing CIZ1B. Panel B is adapted 
from Coverley et al., “A quantitative immunoassay for lung cancer biomarker CIZ1b in patient plasma,” 
Clinical Biochemistry 50(6), p. 336-43, © 2016 The Authors under Creative Commons CC-BY license. 
Published by Elsevier Inc. on behalf of The Canadian Society of Clinical Chemists. https://doi.org/ 
10.1016/j.clinbiochem.2016.11.015. 
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normal plasma was also used to generate the 
“Index curve.”

Overall study approval was granted to Dawn 
Coverley by the University of York’s Department 
of Biology Research Ethics Committee, and all 
samples were collected from patients with written 
informed consent. Plasma samples in Set 1 were 
collected from patients attending respiratory 
medicine clinics at York Teaching Hospitals NHS 
foundation Trust, under Yorkshire & Humber 
Research ethics approval (11/YH/0113). Plasma 
samples in Set 2 were acquired from PreMedEx 
human tissue Biobank (https://www.precision 
formedicine.com/biospecimens), with institutional 
review board (IRB) approval granted to contributing 
collection sites. Plasma samples in Set 3 were col
lected by Discovery Life sciences (https://dls.com/ 
biospecimens/, formerly Conversant) human tissue 
Biobank with IRB approval granted to contributing 
collection sites.

Enzyme Linked Immunosorbent Assay 
(ELISA) for CIZ1B-FibA

Samples were denatured in reactions containing 
4 µL of plasma and 6 µL of denaturing buffer con
taining fresh dithiothreitol (DTT) (Fisher Scientific), 
sodium dodecyl sulfate (SDS) (Merck), and Tween 
20 (Merck) in Dulbecco’s phosphate buffered saline 
(DPBS, Gibco), to a final concentration of 20 mM, 1% 
w/v, and 0.05% v/v, respectively. Reactions were in
cubated in Protein Lobind tubes (Eppendorf) for 
10 min at 90°C, or as indicated, to denature plasma 
proteins, then diluted 1/120 with 5 µg/mL of biotiny
lated CIZB54 monoclonal antibody (mAb) in blocking 
solution (5% w/v non-fat dried milk [VWR]), 0.05% v/v 
Tween 20 [in DPBS]) before incubation at 37°C with 
gentle shaking. After 1 h, 100 µL of each sample 
(equivalent to 0.33 µL of plasma per well) was trans
ferred in duplicate to high-capacity streptavidin 
plates (Fisher Scientific) and incubated for a further 
2 h at 37°C with gentle shaking. Solutions were 
removed and plates washed 4 times in blocking 
buffer before incubation at 37°C with anti-fibrinogen 

antibody (Merck) diluted to 1/5000 in blocking 
solution. After 1 h , plates were washed before 
incubating at 37°C for 40 min with peroxidase 
conjugated AffiniPure donkey anti-goat immuno
globulin G (IgG) secondary antibody (Jackson 
Immunochemicals) diluted to 1/30 000 in blocking 
buffer. Plates were washed as before, with the add
ition of 2 washes in DPBS, then developed by add
ition of 100 µL of 3,3′,5,5′-tetramethylbenzidine 
(TMB) (Seracare) to each well. After 17 min of gentle 
agitation at room temperature in the dark, an equal 
volume of Sureblue stop solution (Seracare) was 
added and plates read using a CLARIOstar plate 
reader (BMG Labtech). Absorbance (A) at 650 nm 
(background) was subtracted from A at 450 nm for 
all samples.

ELISA Calibration

Output was calibrated against a standard curve 
prepared from a pool of plasma, referred to as 
“Index,” denatured at a ratio of 2:3 (v/v) plasma:de
naturing buffer, then serially diluted in denaturing 
diluent (20 mM DTT, 1% SDS, 0.05% Tween 20 in 
DPBS). The first dilution was at 1/20 giving an arbi
trary “CIZ1B-FibA unit” of 1 (equivalent of 2 µL of 
Index plasma per well), with other data points at di
lutions giving CIZ1B-FibA units of 0.8, 0.6, 0.4, 0.2, 
0.1, and 0. Range is specific to the characteristics 
of the Index sample and the desired working range 
of the curve. A blank (no plasma) is subtracted 
from A 650–450 nm for each point. CIZ1B-FibA 
units are plotted against adjusted A and linear re
gression line fit in Excel version 2502. CIZ1B-FibA 
units for test samples were calculated using plate- 
specific linear regression equations, allowing nor
malization between plates and standardized nu
merical outputs.

Molar Estimates

The concentration of CIZ1B epitope in plasma 
was estimated by comparison to purified protein 
standards by western blot (Supplemental Fig. 1, 
Supplemental Data Set 3). The relationship 
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between CIZ1B-FibA units and moles of CIZ1B epi
tope was tested using reconstituted signal pre
pared from a concentration gradient of synthetic 
CIZ1B peptide C-DEEEIEVRSRDIS [Fig. 1A (12)], pre- 
incubated with a constant quantity (5 μg/mL) of 
mAb CIZB54. Reaction mixtures were combined 
with denatured control reference sample plasma 
and blocking buffer under standard binding 
conditions.

Statistics

Thresholds for each sample set were based on 
the maximum Youden Index (J), where J = sensitiv
ity + specificity − 1 (14). Test performance was ex
pressed as sensitivity, specificity, accuracy, and 
predictive value (PV) (15), all based on the relation
ship of the true positive fraction (TP, cases correctly 
identified as patient), true negative fraction (TN, 
cases correctly identified as healthy), false positive 
(FP) and false negative (FN). Sensitivity is TP/(TP +  
FN), specificity TN/(TN + FP), positive predictive 
value (PPV) is TP/(TP + FP), negative predictive 
value (NPV) is TN/(TN + FN). Overall accuracy can 
be represented as (TP + TN)/(TP + TN + FP + FN). 
Likelihood ratios (LRs) are calculated using sensitiv
ity and specificity values to generate a ratio of the 
probability that a test result is positive in patients 
with disease vs those without disease, and vice ver
sa. Negative likelihood ratio (LR–) is calculated as 
(1 − sensitivity)/specificity, where low values (below 
0.1) are strongly indicative of a low chance of dis
ease (16). Receiver operating characteristic curves 
(ROC) were generated using the Johns Hopkins 
web-based calculator (17), using a two-point (can
cer positive/cancer negative) classification with 
continuous rating scale to visually represent the 
assays sensitivity (TP) and specificity (FP). Limit of 
the blank (LoB) is the mean of blank sample repli
cates + (1.645 × SD of blank), and limit of detection 
(LoD) is LoB + (1.645 × SD of the low concentration 
sample) (18). Coefficient of variation (CV) was calcu
lated as the ratio of the SD of replicate data points 
to the mean, and expressed as a percentage. 

Similarity between replicate sample sets were cal
culated in Excel 16.73.3 using the Student t-test 
(t-test) or analysis of variance (ANOVA), where P >  
0.05 is non-significant (ns), P < 0.05 is *, P < 0.01 
is **, and P < 0.001 is ***.

RESULTS

Validation of Molecular Tools

In the CIZ1B variant, 24 nucleotides from exon 
14 are excluded, leading to in-frame loss of 8 ami
no acids (VEEELCKQ) from the protein, and forma
tion of a unique splice junction-derived epitope 
(Fig. 1A). A range of approaches to generate 
mAbs to this epitope were tried, with low success 
rate upon translation to clinical samples (Fig. 1C, 
Supplemental Information). We now report the 
successful generation of new mouse mAbs 
CIZB54, CIZP09, and CIZG11, and validate their 
specificity by Simple Western (Fig. 1D). CIZB54 
also recognizes CIZ1B by immunofluorescence in 
the nucleus of lung cancer cells where it co- 
localizes with an N-terminal CIZ1 epitope 
(Fig. 1E). Importantly, CIZB54 can be paired with 
anti-fibrinogen antibody in a sandwich ELISA 
(Fig. 2A), in which CIZ1B in denatured plasma is 
captured in-solution by biotin-linked CIZB54, 
then immobilized on the surface of high-capacity 
streptavidin-coated plates, with output measured 
via detection of associated fibrinogen.

To confirm antibody specificity in ELISA, we re
constituted CIZ1B-FibA signal in recipient plasma 
by addition of a synthetic version CIZ1B (12). 
When added to human plasma, CIZ1B peptide is 
captured by endogenous fibrinogen, creating a hy
brid CIZ1B-FibA complex (12). CIZ1B peptide sig
nificantly increased the signal in CIZB54-based 
ELISA, whether added to plasma from a cancer pa
tient (positive reference plasma) or from indivi
duals with no disease (control plasma), 
confirming specificity (P = 2.455 × 10−6, P = 0.001 
respectively, Fig. 2B).
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Assay Comparisons

We used clinical samples to compare the perform
ance of the mAb CIZB54-based sandwich ELISA to a 
polyclonal antibody (pAb) 043-based sandwich 
ELISA (12), and the performance of both antibodies 
using Simple Western (Supplemental Data Set 2). 
Development of standardized CIZ1B measurement 
using Simple Western is described in 
Supplemental Information and Supplemental Figs. 
1 and 2. Both antibodies returned similar discrimin
ation for lung cancer when clinical sample Set 1 
(Fig. 3A) was analyzed by Simple Western (Fig. 3B, 
left) with ROC area under curve (AUC) values of 
0.76 and 0.74 for CIZB54 and 043 antibodies, re
spectively. Similarly, when incorporated into ELISA 
both antibodies captured CIZ1B-FibA complexes, 
with 043 output reported previously (12), and 
CIZB54 by the ELISA protocol described here. ROC 
AUCs were similar for both antibodies at 0.82 and 
0.86 (Fig. 3B, right). Set 1 contains 12 pretreatment 
plasma samples from patients diagnosed with lung 
cancer at the time of sample isolation (a range of 
grades and stages), and 36 samples from patients 
who were discharged or diagnosed with non-lung 
cancer conditions, and evidences the test’s capacity 
to discriminate lung cancer from within a complex 
cohort. The CIZB54 ELISA method was chosen for 
further development, based on cost effectiveness 
and compatibility with clinical testing laboratory 
platforms.

ELISA Calibration

ROC AUCs indicate the discriminatory capability 
of a biomarker and the assay used to measure it; 
however, application requires a consistent numer
ical output. Here, CIZ1B concentration is con
verted to “CIZ1B-FibA units” relative to a 
calibration curve composed of a pool of plasma 
samples (Index), analyzed across a concentration 
gradient that spans the expected working range 
of the assay. Across 28 replicates of the Index 
standard curve R2 is typically over 0.99 (±SD 

0.005), slope 0.95 (±SD 0.17), and intercept 
0.031 (±SD 0.022), demonstrating linearity and re
producibility. The low LoD, calculated from the 
blank (0 sample point) and the lowest dilution of 
the standard curve, was 0.094 (Fig. 4A, see 
Supplemental Data Set 3). The line equation for in
dividual experiments is used to convert absorb
ance into CIZ1B-FibA units.

Linearity

The highest Index standard curve point (2 µL of 
plasma in 100 µL diluent per well) is within the 
upper limit of quantification (Fig. 4A), with a CV 
over 28 runs under 10% (8.35% CV) for 
CIZ1B-FibA units, with % agreement typically within 
the accepted range (80% to 120%) (19). Linearity 
was tested using positive reference plasma over 
3 independently pipetted dilution series (Fig. 4B, 
Supplemental Data Set 3), confirming that the 
top data point, which represents the standard as
say volume (0.33 µL of plasma in 100 µL diluent) is 
within the working range (Supplemental Data Set 
3). Parallelism between the two raw data sets is 
strong with a slope ratio of 1.095 (Supplemental 
Data Set 3).

Accuracy

The closeness of agreement between measured 
values and a reference material is not easy to 
achieve because no certified reference material 
(CRM) exists. The test measures CIZ1B variant pro
tein fragments in plasma via their ability to retrieve 
the fibrinogen binding partner. The assay output is 
amount of immobilized fibrinogen but CIZ1B is the 
disease-related biomarker. Quantity estimates are 
compounded by the fact that the length of the nat
urally occurring CIZ1B protein fragment is not con
stant, making expression of concentration in 
grams meaningless. Therefore, we measured 
CIZ1B epitope molarity, using bacterially ex
pressed purified recombinant CIZ1B protein 
720B (with CIZ1B splice junction) as a reference 
protein, to compare to the positive reference 
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cancer plasma (n = 12 repeats) and control refer
ence plasma (n = 3) by Simple Western 
(Supplemental Fig. 1G, Supplemental Data Set 3). 

Using mAb CIZB54, this returned 18.84 μM (±SD 
2.07) and 5.95 uM (±SD 0.76), respectively. These 
estimates are in line with independent western 

Fig. 4. ELISA calibration. (A), Replicate analysis of Index standard curve (n = 28), showing lower limit of 
detection (LoD) calculated from the blank using mAb CIZB54 based CIZ1B-FibA sandwich ELISA. (B), 
Limits of linearity estimated from dilution series of the positive reference sample after normalization 
to standard curve, showing estimation of molar equivalent of CIZ1B epitope to CIZ1-FibA units. (C), 
Example Index standard curve, showing absorbance against CIZ1B-FibA units, LoD from (A), and the en
hanced signal generated by spiking in synthetic CIZ1B peptide. Box indicates recommended reportable 
range for numerical results. (D) Replicate analyses over time (n = 25) for positive and negative control 
plasmas, after normalization to Index standard curve, showing means and SD. (E), Box-and-whisker 
plots showing CV% for positive and control reference samples, assessing inter-plate (n = 25) and intra- 
plate imprecision (n = 5). (F), Cohort analysis (Set 3) showing strong correlation (R2 = 0.87 to 0.90) be
tween individuals for cancer and non-cancer plasma subsets. (G), Comparison of control (non-cancer) 
samples in Sets 1, 2, and 3 (Set 3 divided into subsets a and b by date of collection). Primary data and 
analysis are given in Supplemental Data Set 3 for A to E and Supplemental Data Set 4 for F-G.
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blot-based measurements using different lung 
cancer samples, chemically synthesized CIZ1B 
peptide as reference protein, and a different 
anti-CIZ1B antibody [pAb 2B (11)] which returned 
an average of 15 micromolar across 10 cancer 
samples (Supplemental Fig. 1H).

Thus, CIZ1B-FibA units returned by a known 
quantity of plasma with known epitope concentra
tion can be expressed in moles. Above the LoD 
and across the linear range of replicate dilution 
curves of the positive reference plasma, agree
ment was strong yielding an average estimate of 
0.113 CIZ1B-FibA units ±0.014 for each pmol of 
endogenous epitope (Supplemental Data Set 3). 
Trueness was tested by spiking synthetic CIZ1B 
peptide into control reference plasma over a con
centration gradient (Figs. 2C and 4C). The incre
ment achieved by adding CIZ1B peptide across 
the linear part of the spiking curve (6 to 10 pmol) 
indicates that 1 pmol is equivalent to 0.125 
CIZ1B-FibA units (Supplemental Data Set 3).

Reportable Range

Absorbance below 0.1 defines the LoD; how
ever, a 10-fold dilution of the Index sample strays 
outside the required criteria of 80% to 120% 
agreement with expected values across the 28 re
plicates, defining a lower limit of quantification 
(LLoQ) at 0.2 CIZ1B-FibA units (see Supplemental 
Data Set 3). Samples that return values on or be
low this threshold should be reported as “not de
tected”. The peptide spiking experiments indicate 
that the assay is capable of measuring up to 
12 pmol of epitope (over 1.4 CIZ1B-FibA units), 
based on linearity and alignment with the extrapo
lated index standard curve (Fig. 4C). However, we 
consider the upper limit to be set by the highest 
accurate data point in the index standard curve 
(Fig. 4C), which equates to 8 pmoles or 1 
CIZ1B-FibA unit. Samples that return values in ex
cess of 1 CIZ1B-FibA unit would be reported cat
egorically as >1 or “high positive.”

Stability

We have previously reported on stability of the 
CIZ1B biomarker using western blot with 
anti-CIZ1b antibody 2B, showing stability in whole 
blood for up to 24 h, and in isolated plasma for up 
to 6 h, but loss of signal after prolonged exposure 
to temperatures in excess of 50°C (12). Using the 
present assay we further evidence stability in plas
ma over 3 freeze–thaw cycles and confirm sensitiv
ity to prolonged exposure to high temperature 
(Supplemental Data Set 3).

Precision

The Index curve allows normalization between 
ELISA plates, and minimization of inter- and intra- 
plate variability. Agreement between independent 
test results was evaluated for positive and control 
reference samples across 23 independent experi
ments carried out over months by 3 users (Fig. 4D), 
yielding inter-plate variability of 12% to 14% CV, 
and intra-plate variability of 9% to 10% CV (Fig. 4E).

Correlation between replicate analyses of a co
hort of samples is strong, for both the non-cancer 
subset (R2 = 0.87) and the subset from patients 
with lung cancer (R2 = 0.90), when the same indivi
duals were analyzed in independent experiments 
(Fig. 4F). This shows that the amount of 
CIZ1B-FibA in samples that fall within the range 
of the standard curve can be reproducibly 
measured.

Sample Isolation

Application to 3 independent clinical cohorts, in 
which plasma was isolated and banked by differ
ent laboratories using subtly different protocols 
(see Supplemental Information), revealed differ
ences in CIZ1B-FibA units even between the con
trol samples in each set (Fig. 4G). The blood 
samples from which Set 1 plasmas were isolated 
were collected using lithium-heparin to prevent 
coagulation and prepared as described (12), while 
Set 2 and Set 3 were both prepared from blood 
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collected using K2-EDTA anticoagulant, using dif
ferent centrifugation speeds and temperatures. 
Looking at just the control samples (non-cancers) 
within each set, it is clear that their range and 
means are not the same (Fig. 4G, ANOVA, between 
controls of Sets 1, 2, 3a, and 3b, P = 1 × 10−4). 
However, when Set 3 is split by date of collection 
into 2 batches acquired from the same biobank 
over more than a decade (2010 to 2016 for Set 
3a, 2022 to 2024 for Set 3b) they were not distin
guishable (P = 0.085 t-test). This shows that sam
ple collection and isolation regimes must be 
rigorously consistent to avoid misleading results 
during assay development, though within one hos
pital’s testing facility this is not likely to be a 
problem.

Variation between control sample cohorts was 
not related to overall protein concentration 
(Fig. 5A). Protein concentration within Set 3a was 
between 50 and 75 mg/mL as expected (20) and 
did not correlate strongly with CIZ1B-FibA units 
in either the control samples or lung cancer- 
derived samples (R2 = 0.188, Fig. 5B). When used 
to normalize CIZ1B-FibA units individually, it did 
not materially affect the results. Therefore, we do 
not adjust CIZ1B-FibA units for protein concentra
tion, given the potential for introduction of unin
tended bias in some clinical conditions.

Lung Cancer Discrimination

Similar to Set 1 (Fig. 3B), measurement of 
CIZ1B-FibA for Sets 2 and 3 returned ROC AUC va
lues of 0.81 and 0.86, respectively (Fig. 6A and B), 
indicating good discrimination between TP sam
ples (diagnosed lung cancer patients) and TN sam
ples (patients without lung cancer) in both cohorts 
that were collected using K2-EDTA. Set 2 is com
posed of plasma samples from 19 lung cancer pa
tients (including stages I to IV) and samples from 
19 individuals without cancer, while Set 3 is com
posed of plasma from 18 lung cancer patients 
(all at stages I to II) and 39 plasma samples from in
dividuals without cancer (Fig. 3A).

Because of sensitivity to sample collection and 
preparation protocol, the predictive potential of 
CIZ1B-FibA cannot be estimated by applying a uni
versal threshold to all three sets. Therefore, to 
achieve some consistency in approach we used 
cohort-specific thresholds derived from the max
imum Youden Index, allowing calculation of the 
probability of a negative test correctly predicting 
that a patient is disease-free (NPV). For Set 1 
(Supplemental Fig. 2A), Set2 (Fig. 6A), and Set 3 
(Fig. 6B), NPVs were 95%, 77%, and 97%, respective
ly. Negative likelihood ratios were also low at 0.16, 
0.29, and 0.08, which suggests that the test could 
be useful in the safe exclusion of patients at low 
risk of lung cancer if these values could be confirmed 
in larger clinically relevant sample sets. Primary data 
and analysis for CIZB54 ELISA for Sets 1, 2, and 3 are 
given in Supplemental Data Set 4.

Thus, despite the small sample sets used to valid
ate this molecular tool set and ELISA assay format, 
performance characteristics are in line with those re
ported previously (11, 12), bringing the potential use 
of the CIZ1B biomarker a practical step closer.

DISCUSSION

We have built on our earlier demonstration of 
CIZ1B biomarker clinical accuracy (11), and on 
knowledge of the biochemical characteristics of 
the CIZ1B epitope as it exists in blood (12), to de
velop a sensitive and scalable tool set and sand
wich ELISA format. We have partially validated 
the technical limits of the assay but have not ad
dressed potential biological variables such as 
clearance rates, comorbidities and diet, or poten
tial interference from medications and metabo
lites, or the effects of hemolysis and lipemia.

We have evaluated performance across mul
tiple clinical collection sites, which has indicated 
a note of caution by revealing that the test results 
are sensitive to variations in plasma isolation pro
tocols. Pre-analytic variables must be controlled 
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with rigorous standardization of centrifugation 
temperature, time, and speed, during sample 
preparation, which now requires a systematic 
evaluation of all parameters using fresh samples. 
While consistency is the primary consideration, 
and measurement of CIZ1B-FibA is possible using 
most plasma types, the current recommended 
sample preparation method is 2000g for 15 min 
at 4°C using K2-EDTA tubes.

While the clinical sample sets used to validate 
this CIZ1B-FibA assay are small, performance char
acteristics for the detection of lung cancer are in 
line with those reported previously using research 
tools (11), and lead to the same conclusions about 
potential application. With additional clinical evi
dence, the test could be used to identify high-risk 
individuals, either prior to computer tomography 
(CT) as part of a screening program, or where indi
viduals are already known to have indeterminant 
lung nodules. However, performance characteris
tics are highly context-specific, so while LRs sug
gest that the test could be used to exclude 
patients at low risk of lung cancer, the present 
data is an insufficient foundation for strong state
ments about performance. Estimates of the 

economic potential of the biomarker, based on 
performance in studies of a retrospective stage I 
cohort using earlier assay formats (11), suggest 
that in the context of CT screening of high-risk po
pulations, integrating the CIZ1B test would yield 
net savings for healthcare providers, achieved 
largely by reduction in follow-up procedures (21).

In conclusion, the molecular tools described here 
bring the significant potential of the CIZ1B biomarker 
to detect disease earlier, in more people, at relatively 
low cost, an important step closer and supports fur
ther evaluation in a prospective context.

Data Availability: The majority of data sets 
generated and analyzed during this current study 
are included in this published article (and its 
Supplemental Material). Additional data sets are 
available from the corresponding author on rea
sonable request.

SUPPLEMENTAL MATERIAL

Supplemental material is available at The Journal 
of Applied Laboratory Medicine online.
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