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A novel photoelectrochemical (PEC) biosensor integrating a rationally designed Z-scheme heterojunction was
developed for the ultrasensitive detection of the tumor biomarker CA72-4. The sensing platform was constructed
by in-situ anchoring SnIn4Sg nanosheets onto CdS microstructures to form a core-shell Z-scheme heterojunction.
This unique architecture significantly accelerated the separation and migration of photogenerated charge carriers
while effectively suppressing electron-hole recombination, thereby generating an amplified initial photocurrent
signal. Furthermore, NiO nanoparticles were employed as a PEC quenching label. They achieved a dual
quenching effect by simultaneously competing with the photoactive substrate for the electron donor and
attenuating the incident light. This synergistic mechanism drastically reduced the photocurrent efficiency,
enabling the ultrasensitive detection of CA72-4. The fabricated biosensor demonstrated excellent selectivity and
reliable reproducibility, with an inter-batch relative standard deviation of 2.3 %. A wide linear response range
from 0.001 to 100 U/mL was achieved under optimized conditions, with a low detection limit of 0.00037 U/mL
(S/N = 3). This research offers a robust approach for CA72-4 detection and highlights the significant potential of

Z-scheme heterojunction engineering for the development of advanced PEC biosensing platforms.

1. Introduction

In the contemporary era, malignant neoplasms have emerged as a
predominant threat to global health. Carbohydrate Antigen 72-4 (CA72-
4), a sialylated glycoprotein biomarker, has been validated for clinical
applications in gastric cancer surveillance and the differential diagnosis
of ovarian malignancies [1,2]. The epidemiological trajectory of the
latter has exhibited an alarming progressive escalation in age-
standardized incidence rates. Therefore, the development of rapid and
sensitive methods for CA72-4 detection is highly significant for early
cancer detection and prognostic evaluation of therapy. Conventional
detection methods, such as fluorescent immunoassays and enzyme-
linked immunoassays (ELISA), are often limited by their relatively low
sensitivity and operational complexity [3,4]. In current research, pho-
toelectrochemical (PEC) immunosensors have gained prominence in
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analytical chemistry owing to their operational simplicity, high sensi-
tivity and cost-effectiveness [5,6]. These advantages position them as
promising candidates for applications spanning environmental moni-
toring, biomedical diagnostics and industrial process analysis [7-9].
Photoactive materials are essential components that function as the
core of photoelectrochemical sensors. Among them, cadmium sulfide
(CdS), a typical metal sulfide, has been widely employed due to its
appropriate band gap (approximately 2.4 eV) and exceptional respon-
siveness to visible light. [10,11]. Consequently, CdS nanostructures and
thin films have found extensive application as visible-light sensitizers in
photocatalytic hydrogen production, organic degradation, and solar
cells [12-14]. However, inherent drawbacks of CdS, including pro-
nounced photocorrosion and rapid recombination rate of photo-
generated electron-hole pairs, have impeded its broader practical
applications [15-17]. To alleviate charge recombination and augment
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quantum efficiency, the strategic construction of heterojunctions via
interfacial engineering has been demonstrated to be highly efficacious
[18]. For instance, wang’s team developed core@dual-shell CdS/SnS;
heterostructures via hydrothermal epitaxial growth. This architecture
improved carrier separation efficiency by optimizing the band align-
ment, thereby enabling ultra-sensitive detection of the ovarian cancer
biomarker CA-125 via a PEC immunoassay [19]. Despite these advances,
conventional type II heterojunctions remained fundamentally con-
strained by inadequate charge carrier separation. In contrast, Z-scheme
heterojunction exhibited a unique charge-transfer pathway that effec-
tively separates photogenerated carriers, yielding significant gains in
carrier-separation efficiency [20]. Duan et al. designed a double Z-
scheme heterojunction based on CdTe QDs/BisMoOg/CdS to achieve
sensitive identification of circulating tumor cells (CTCs) [21]. The se-
lection of semiconductors with complementary band structures is
therefore a pivotal factor in designing efficient Z-scheme systems [22].
Among numerous candidates, SnInsSg, a ternary chalcogenide with a
cubic spinel structure, has been identified as a promising n-type semi-
conductor. It exhibits a narrow band gap, excellent physicochemical
stability, low cost, and superior photocorrosion resistance [23,24]. The
Z-scheme heterojunction, fabricated by integrating CdS and SnIn,Sg,
exhibits optimal energy level alignment, which facilitates the directed
migration of photogenerated charge carriers. This configuration results
in a significant enhancement of the photocurrent response, establishing
a solid foundation for highly sensitive PEC detection.

The signal-off mode, as a classic modality of PEC immunosensors, has
been widely employed due to its operational simplicity and robust sta-
bility [25]. A critical aspect of constructing such sensors is identifying an
effective quenching agent with a pronounced effect. The use of p-n
junction-based quenching has emerged as a prevalent strategy in PEC
applications [26]. As a p-type semiconductor, nickel oxide (NiO) often
formed nanostructure with a large specific surface area, which facili-
tated the formation of efficient and stable photocatalytic active sites
[27]. The photogenerated electrons participate in oxygen reduction re-
actions with dissolved O3 in the electrolyte, yielding superoxide radical
anions (-O3). Under illumination, NiO nanoparticles undergo photoex-
citation to generate electron-hole pairs. The photogenerated electrons
participate in oxygen reduction reactions with dissolved Oy in the
electrolyte, yielded superoxide-O; [28]. This competitive electron
consumption pathway reduced the availability of the ascorbic acid (AA)
electron donor at the photoanode interface, thereby diminishing the
steady-state photocurrent. Owing to these favorable attributes, p-type
NiO was selected in this research as an effective quencher for the n-type
CdS@SnInsSg composite to construct a highly sensitive signal-off
immunosensor.

Therefore, an innovative signal-off PEC immunosensor was devel-
oped for the ultrasensitive quantification of CA72-4. This platform was
constructed using a Z-type CdS@SnInySg heterojunction as a photo-
active matrix and p-type NiO as an effective signal quencher. The CdS
and SnIn4Sg heterojunction, synthesized via a hydrothermal method,
exhibited optimal photocurrent response by significantly enhancing
light absorption and promoting the separation of photogenerated charge
carriers. Concurrently, the NiO quencher, with its high specific surface
area, suppressed the photocurrent through a dual mechanism, compet-
itive consumption of the electron donor and attenuation of incident
light. The fabricated immunosensor demonstrated excellent perfor-
mance for CA72-4 quantification, showing great promise for application
in the clinical diagnosis of ovarian cancer.

2. Experimental section
2.1. Materials and instruments

Details of all reagents and instrumentation were provided in the
Supplementary Material.
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2.2. Synthesis of NiO nanospheres

An aliquot (0.124 g) of Nickel(Il) acetate tetrahydrate (Ni
(CH3C0O0),-4H0) was dissolved in 30 mL of 1,2-propanediol under
magnetic stirring at 500 rpm. The mixture was subjected to ultra-
sonication treatment and then underwent hydrothermal synthesis in a
Teflon-lined autoclave at 170 °C for 20 h. After cooling to room tem-
perature, the resulting precipitate was collected by centrifugation,
washed three times with ethanol, and dried under vacuum at 60 °C for 2
h. The material was calcined in a muffle furnace under static air con-
ditions, with the temperature increased at a programmed rate of 2 °C per
minute to 800 °C, followed by a 2 h holding period at this final tem-
perature (Scheme 1A).

2.3. Synthesis of CdS@SnIn,Sg

In a typical synthesis, 0.2 mmol of Stannous chloride pentahydrate
(SnCly-5H20) and 0.4 mmol of Indium(IIl) chloride tetrahydrate
(InCl3-4H20) were dissolved in 60 mL of ethylene glycol under vigorous
stirring. Thioacetamide (1 mmol) and pre-synthesized CdS (0.16 mmol)
were then introduced into the homogeneous solution. The mixture was
vigorously stirred and ultrasonicated for 10 min before being transferred
to a Polytetrafluoroethylene (PTFE)-lined autoclave and maintained at
160 °C for 4 h under hydrothermal conditions. The autoclave was
allowed to cool naturally to ambient temperature. The resulting
CdS@SnInsSg composite was isolated via centrifugation (Scheme 1B),
thoroughly rinsed with ethanol, and then dried under vacuum at 60 °C
overnight [29].

2.4. Synthesis of NiO-Ab, bioconjugates

Firstly, 0.1 g of NiO was dispersed in a solvent system composed of
80 mL of ethanol, 20 mL of deionized water, and 1 mL of concentrated
ammonia solution (128 wt%). Subsequently, 67 pL each of tetraethyl
orthosilicate (TEOS) and 3-aminopropyltriethoxysilane (APTES) were
introduced into the mixture. The reaction was then continuously stirred
at 35 °C for 3 h to obtain aminated NiO nanoparticles (NiO-NH;). Next,
1 mL of 10 pg/mL antibody (Aby) was combined with 1 mL of 2 mg/mL
NiO-NH; and incubated with gentle shaking at 4 °C overnight. After
that, the mixture was centrifuged, and the resulting precipitate was
redispersed in 1 mL of 0.1 M phosphate-buffered saline (PBS, pH 7.4) to
yield NiO-Ab,.

2.5. Construction of PEC immunosensor

Initially, the indium tin oxide (ITO) glass substrates were sectioned
into standardized dimensions and subjected to a preheating process.
Then, 10 pL of CdS@SnIn4Sg solution (8 mg/mL) was drop-cast onto the
surface of ITO electrode surface and allowed to air-dry under ambient
conditions. Next, a 3 pL aliquot of 3 mM thioglycolic acid (TGA) solution
was applied onto the CdS@SnInsSg-modified electrode. Subsequently,
the prepared electrodes were incubated with 3 pL of 1-ethyl-3-(3-dime-
thylaminopropyl) carbodiimide (EDC) and N-hydroxysuccinimide
(NHS) solutions to activate the carboxylate groups. After each incuba-
tion step (TGA and EDC/NHS), the electrode was thoroughly rinsed with
deionized water to remove any unbound residues. A sequential drop-
casting procedure was then employed, 6 pL of 10 pg/mL Ab; anti-
body, 3 pL of 1 wt% bovine serum albumin (BSA), 6 pL of CA72-4 an-
tigen at various concentrations, and 6 pL of a 2 mg/mL NiO-Ab, solution
were successively deposited onto the electrode surface, with incubation
at 4 °C for 1 h. Finally, the electrode was extensively washed with PBS
(0.1 M, pH 7.4) and dried under ambient conditions (Scheme 1C).

2.6. Testing of PEC sensors

A typical three-electrode setup was utilized in this study, with the
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Scheme 1. (A) Preparation process of NiO and (B) CdS@SnIn,Sg. (C) Schematic illustration of the signal-off PEC immunoassay system.

prepared photoelectrode, an Ag/AgCl electrode, and a platinum wire
serving as the working, reference, and counter electrodes, respectively.
The PEC response was recorded at 0 V in PBS (pH = 7.4) under illumi-
nation from a 100 W LED, using a CHI760E electrochemical
workstation.

3. Results and discussion
3.1. Characterization of CdS@SnIn,Sg, NiO

The microstructure and elemental composition of CdS, CdS@SnIn4Sg
and NiO were characterized using Scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and X-ray diffraction (XRD).
The SEM image of pure CdS powder revealed a wheat ear-like micro-
structure with dimensions ranging from 5 to 10 pm (Fig. 1A). As shown
in Fig. 1B, pure SnInsSg was composed of irregular nanosheets that
assembled into a micro-floral morphology. These SnInsSg nanosheets
were tightly wrapped around the CdS surface, forming a hydrangea-like
morphology (Fig. 1C). The attachment not only establishes a hetero-
structure with the underlying CdS but also substantially enhanced the
material’s specific surface area, thereby improving light absorption and

photocurrent response. As shown in Fig. 1D, Elemental mapping analysis
of the CdS@SnIn4Sg composite demonstrated homogeneous spatial
distribution of constituent elements (Sn, In, S, and Cd). In the HRTEM
micrograph, interplanar spacings of 0.27 nm and 0.35 nm were
discernible, corresponding to the (007) plane of SningSg and the (002)
plane of CdS (Fig. 1E). This provides clear for the successful formation of
the heterojunction. TEM characterizationfurther revealed that NiO
nanoparticles were irregularly spherical with diameters ranging from
100 to150 nm (Fig. 1F).

The crystalline structure and phase composition of the resulting
sample confirmed by XRD. As depicted in Fig. 1G, the characteristic
diffraction peaks at 25.0°, 26.6°, 28.3°, 36.8°, 43.9° and 48.0° (20) were
assigned to the (100),(002),(101),(102),(110)(112)and(103)
crystal planes of cubic phase CdS (red line), respectively [30]. The peaks
observed at 9.4°, 18.7°, 28.3° and 50.0° were indexed to the (20 0), (20
2), (6 0 0) and (0 0 6) crystal planes of SnInySg (black line), respectively
[31]. In Fig. 1H, three additional diffraction peaks emerged at 44.5°,
51.8° and 76.3°, which belong to the (1 1 1), (2 0 0) and (2 2 0) crystal
planes of rhombohedral nickel oxide (NiO) (PDF#97-016-6122),
demonstrating the successful preparation of NiO nanoparticles.

To investigate the surface functionalization of NiO nanoparticles
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Fig. 1. SEM photographs of (A) CdS, (B) SnInsSg and (C) CdS@SnIn,Sg. (D) Elemental mapping images of CdS@SnInySg in SEM. (E) TEM image of the CdS@SnIn4Ss.
(F) The HRTEM image of NiO. (G) XRD pattern of SnInsSg (in black), CdS (in red), and CdS@SnIn,Sg (in blue). (H) XRD analysis pattern of NiO. (I) Fourier-transform
infrared (FT-IR) spectra for NiO (in blue) and NiO-NH; (in red). (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

with aminopropyltriethoxysilane (APTES), FT-IR spectroscopy was
performed. As illustrated in Fig. 11, the APTES-functionalized NiO (NiO-
NH;) exhibited three characteristic absorption bands at 2916 cm’l,
1003 cm ™! and 820 cm™! that were absent in the pristine NiO sample.
These observed bans were attributed to the vibrational modes of C—H,
Si—O—Si and Si—O functional groups from APTES. This confirms the
effective grafting of APTES molecules onto the NiO surface through
covalent bonding, indicating successful amination of the nanoparticles.

Further confirmation of the effective formation of the CdS@SnIn4Sg
composite was obtained through X-ray photoelectron spectroscopy
(XPS) analysis. The survey spectrum verified the simultaneous presence
of S, In, Cd and Sn elements (Fig. 2A). The high-resolution Cd 3d spec-
trum showed symmetric peaks at the binding energies of 405.17 eV and
411.90 eV, which is consistent with the typical spin-orbit splitting values
of Cd** (Fig. 2B). As shown in Fig. 2C, the S 2p spectrum revealed a
doublet at 161.4 eV and 162.4 eV, attributable to the spin-orbit com-
ponents S 2ps/» and S 2p1 /9, respectively, typical of S2~ species in metal
sulfides. Similarly, the In 3d spectrum exhibited peaks at 444.7 eV (3ds,
2) and 452.4 eV (3d3/2), confirming the In3" coordination (Fig. 2D). In
the Sn 3d spectrum, two distinct peaks were observed at 486.5 eV (3ds,

2) and 494.9 eV (3ds/2), confirming that Sn existed in the +4 oxidation
state with in SnIngSg lattice (Fig. 2E). The XPS analysis above provides
definitive evidence for the presence of CdS@SnIn,4Ss. Notably, a positive
shift in the binding energy of Cd was observed upon composite forma-
tion, indicating a strong electronic interaction between CdS and SnIn4Sg
during the hybridization process and suggesting enhanced stability of
the composite (Fig. 2F). Furthermore, the electronic structure of sulfur,
involving p and d orbitals, is known to facilitate electronic transitions.
This, combined with the observed interfacial interaction, suggests that
the CdS@SnIn,Sg heterojunction improves light utilization, thereby
enhancing the overall photoelectrochemical activity. The surface
elemental composition and valence states of the NiO samples were
analyzed by XPS. As shown in Fig. S1A, all target elements were detected
without detectable impurities. The Ni 2p spectrum was deconvoluted
into four components, the main Ni 2ps,» peak at 853.7 eV and its sat-
ellite at 862.8 eV, alongside the Ni 2p;/» peak at 874.4 eV with its sat-
ellite at 878.7 eV, characteristic of NiZt (Fig. S1B). As shown in Fig. S1C,
the O 1s spectrum was fitted with two components at 529.5 eV and
531.8 eV, attributed to lattice oxygen (0%7) and surface chemisorbed
oxygen species (—OH/O3), respectively.
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Fig. 2. XPS analysis of the CdS@SnIn,Sg: (A) Full survey scan; High-resolution spectra of (B) Cd 3d, (C) S 2p, (D) In 3d and (E) Sn 2p; (F) Comparative Cd 3d spectra

of SnInySg and the CAS@SnIn,Sg.

3.2. Discussion on the mechanism of immunosensors

UV-vis diffuse reflectance spectroscopy (DRS) was utilized to
investigate the optical absorption properties of the photoactive mate-
rials [32]. As shown in Fig. S2A, the formation of CdS@SnIn4Sg resulted
in a significant enhancement of visible light absorption compared to the
individual CdS and SnIn4Sg components. The optical bandgap energies
(Eg) of CdS, SnIngSg and NiO were determined to be 2.30 eV (Fig. S2B),
2.27 eV (Fig. S2C) and 2.72 eV (Fig. S2D), respectively. The Mott-
Schottky (M-S) plots yielded flat band potentials (Eg,) of —0.93 eV and
—1.05 eV (vs. Ag/AgCl) for CdS and SnInsSg (Fig. S2E and S2F),
respectively. Using the equation Ecg (vs. NHE) =~ Eg, (vs. Ag/AgCl) +
0.197 V, the conduction band (CB) potentials were calculated to be
—0.73 eV and —0.85 eV (vs. NHE) for CdS and SnIny4Sg. Furthermore, the
valence band (VB) potentials were derived from the relation Eyg = Ecp
+ Eg, yielding values of 1.57 eV and 1.42 eV (vs. NHE), respectively. This
band structure analysis revealed a staggered alignment of the energy
levels between CdS and SnIngSg, which is consistent with the charac-
teristics of a Z-scheme heterojunction. As illustrated in Fig. 3, under light
irradiation, photogenerated electrons in the conduction band of CdS
recombined with photogenerated holes in the valence band of SnIn4Sg at
the heterojunction interface. This charge recombination pathway facil-
itates the spatial separation of the remaining useful charge carriers.
Furthermore, the NiO nanoparticles introduced significant steric hin-
drance, which impeded thet electron transfer pathways between AA
molecules and the photoelectrode surface, thereby amplifying the
photocurrent suppression signal. This systematic investigation eluci-
dated the synergistic Z-scheme charge transfer dynamics and the
quencher interaction mechanisms, establishing a fundamental principles
for the rational design of high-performance PEC sensors.
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Fig. 3. Diagram of the possible mechanisms of the PEC immunosensor.

3.3. Construction of sensor

Photocurrent response analysis was employed to validate the suc-
cessful stepwise construction of the PEC immunosensor [33]. As shown
in Fig. 4A and Fig. S3, the bare ITO electrode (curve a) showed a
negligible photocurrent. In contrast, modification with CdS@SnIn4Sg
(curve b) resulted in a substantial signal enhancement. Subsequent
functionalization steps, including antibody (Ab,, curve c), BSA (curve d)
and biomarker CA72-4 conjugation (curve e), induced a progressive
attenuation of the photocurrent. This decrease is the most primarily
attributed to the passivation effects of the insulating BSA layer and the
increased steric hindrance from the assembled biomolecules, which
impeded electron transfer. Notably, the introduction of the NiO-Aby
quencher (curve f) caused a significant reduction in the photocurrent.
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This quenching effect was ascribed to the competitive light absorption
by NiO and its consumption of the electron donor AA.

Electrochemical Impedance Spectroscopy (EIS) was used to further
characterize the interfacial properties and electron transfer resistance
(Re) during the immunosensor fabrications. The R, value, which
correlated with the semicircle diameter in Nyquist plots, is shown in
Fig. 4B and Table S1. The bare ITO electrode exhibited a very small
semicircle, indicating low charge transfer resistance, which is consistent
with its high conductivity. The R increased progressively with the
sequential immobilization of Ab;, BSA, CA72-4, and finally the NiO-Ab,
complex. This stepwise increase in impedance confirms the successful
assembly of the immunosenor interface, as each insulating biomolecular

oc)

layer hinders electron transfer at the electrode surface.

3.4. Condition optimization and immunesensor performance

To maximize biosensing efficiency, the operational performance of
the PEC immunosensor was systematically investigated and optimized
under the collective influence of multiple external variables. As shown
in Fig. S3A, the photocurrent initially increased and then decreased with
increasing concentration of the CdS@SnIn4Sg, reaching a maximum at 8
mg/mL. The effects of PBS buffer pH and AA concentration were also
investigated (Fig. S3B and S3C). The photocurrent response was ach-
ieved using a PBS solution at pH 7.4 containing 0.1 mol/L AA
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Furthermore, a maximum PEC signal was observed at an Ab; incubation
time of 60 min (Fig. S4D); therefore, this incubation duration was
selected for all subsequent experiments.

Under these optimized conditions, the fabricated immunosensor
exhibited a linear detection range for CA72-4 from 0.001 to 100 U/mL.
As shown in Fig. 5A and Fig. 5B, the photocurrent intensity showed a
negative correlation with the logarithm of CA72-4 concentration. The
calibration curve was defined by I = —72.1205 Ig ¢ + 266.6678 (R? =
0.9964), where I represented photocurrent and ¢ denoted CA72-4 con-
centration. The calculated detection limit (LOD) was 0.00037 U-mL ™!
(S/N = 3), which surpasses the performance of most reported CA72-4
immunosensors (refer to Table S2 for a comparative analysis).

3.5. Stability, reproducibility and selectivity

The repeatability, reproducibility and selectivity of the sensor were
evaluated. To assess repeatability, five independently prepared elec-
trodes were tested at three different CA72-4 concentrations (0.001, 0.1
and 1 U/mL). As shown in Fig. 5C, the photocurrent responses exhibited
relative standard deviations ranging (RSDs) from 1.1 % to 3.1 %, indi-
cating excellent measurement repeatability. Selectivity was evaluated
by testing the response to the target analyte (0.1 U/mL CA72-4) in the
presence of potentially interfering substances, including 10 ng/mL
neuron-specific enolase (NSE), cytokeratin 19 fragment (CYFRA21-1),
and carcinoembryonic antigen (CEA). As shown in Fig. 5D, the detection
signal for CA72-4 showed almost no change compared to the signal from
the pure CA72-4 sample, demonstrating high specificity. The responses
to the interfering substances alone were negligible. Stability was
assessed through both operational and storage tests. The operational
stability was evaluated by subjecting the sensor to 20 on/off irradiation
cycles (10s each). The sensor retained over >95 % of its initial photo-
current response (Fig. 5E), confirming its robust durability under
continuous operation. For storage stability, the sensor was stored at 4 °C
and tested periodically. After 20 days, it retained 94.1 % of its initial
response, demonstrating excellent long-term stability (Fig. 5F).

3.6. Actual sample testing

To validate the feasibility and accuracy of the constructed biosensor,
CA72-4 detection in serum was performed using the standard addition
method. The human serum samples were fortified with CA72-4 at con-
centrations of 2.00, 5.00, 7.00 and 9.00 U/mL (Table 1). The measured
recovery rates were 98.0 %, 101 % and 99.7 %, respectively, with RSD
ranging from 1.1 % to 2.4 %. These findings demonstrated the bio-
sensor’s potential for clinical testing applications.

4. Conclusions

In summary, a sensitive PEC immunosensor for CA72-4 detection
was constructed based on a CdS@SnInsSg Z-scheme heterojunction as
the photoactive material and NiO as a photocurrent quencher. System-
atic mechanistic studies revealed that the Z-scheme heterojunction
effectively promoted the spatial separation and directional migration of
photogenerated electron-hole pairs, leading to a significantly enhanced
and stable photocurrent response. In addition, based on a competitive
quenching mechanism, the introduction of NiO effectively regulated the
photocurrent signal through competitive consumption of the electron
donor and light absorption. This quenching strategy dramatically
amplified the photocurrent signal change upon biomolecular binding,
thereby greatly improving the detection sensitivity. The developed PEC
immunosensor exhibited a wide linear range from 0.001 to 100 U/mL
and a low detection limit of 0.00037 U/mL for CA72-4. Consequently,
this biosensing platform demonstrated superior selectivity, reliable
reproducibility and favorable stability, showing great promise for clin-
ical biomarker analysis.
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Table 1
Test results for CA72-4 in samples.
Content of The The The RSD Recovery
CA72-4 in addition detection average (% n (%)
the serum content (U/ content (U/ content =5)
(U/mL) mL) mLn=>5) (U/mL)
6.63, 6.69,
2.00 6.75 6.74 1.3 98.0
6.81, 6.84
9.74, 9.77,
5.00 9.85 9.85 1.1 101
9.89, 10.01
4.78 11.34,11.68,
7.00 11.83,11.92, 11.76 2.4 99.7
12.04
13.69, 13.94,
9.00 13.70,13.84, 13.81 0.78 100.6
13.86
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