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Background: Differentiation of malignant from benign liver tumors remains a challenging problem. In recent years, mass
spectrometry (MS) technique has emerged as a promising strategy to diagnose a wide range of malignant tu-
mors. The purpose of this study was to establish classification models to distinguish benign and malignant liv-
er tumors and identify the liver cancer-specific peptides by mass spectrometry.

Material/Methods: In our study, serum samples from 43 patients with malignant liver tumors and 52 patients with benign liver tu-
mors were treated with weak cation-exchange chromatography Magnetic Beads (MB-WCX) kits and analyzed
by the Matrix-Assisted Laser Desorption Time of Flight Mass Spectrometry (MALDI-TOF-MS). Then we estab-
lished genetic algorithm (GA), supervised neural networks (SNN), and quick classifier (QC) models to distin-
guish malignant from benign liver tumors. To confirm the clinical applicability of the established models, the
blinded validation test was performed in 50 clinical serum samples. Discriminatory peaks associated with ma-
lignant liver tumors were subsequently identified by a qTOF Synapt G2-S system.

Results: A total of 27 discriminant peaks (p<0.05) in mass spectra of serum samples were found by ClinPro Tools soft-
ware. Recognition capabilities of the established models were 100% (GA), 89.38% (SNN), and 80.84% (QC);
cross-validation rates were 81.67% (GA), 81.11% (SNN), and 86.11% (QC). The accuracy rates of the blinded
validation test were 78% (GA), 84% (SNN), and 84% (QC). From the 27 discriminatory peptide peaks analyzed,
3 peaks of m/z 2860.34, 2881.54, and 3155.67 were identified as a fragment of fibrinogen alpha chain, fibrin-
ogen beta chain, and inter-alpha-trypsin inhibitor heavy chain H4 (ITIH4), respectively.

Conclusions: Our results demonstrated that MS technique can be helpful in differentiation of benign and malignant liver tu-
mors. Fibrinogen and ITIH4 might be used as biomarkers for the diagnosis of malignant liver tumors.
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Background

Malignant liver tumors are considered to be one of the major
public health problems in the world because of late diagnosis
and failure of treatments. There are mainly three kinds of ma-
lignant liver tumors in adults: hepatocellular carcinoma (HCC),
cholangiocarcinoma (CCA), and metastatic liver tumors. HCC is
the most common and highly lethal liver tumor. Approximately
500,000 people die of HCC each year, and more than 50% of
the cases occur in China. It is the fifth leading cause of cancer
death worldwide, and the Asia-Pacific region is a high-prev-
alence area [1]. CCA, the second most common primary he-
patic malignancy, originates from the bile duct epithelial cells
and accounts for 10% to 20% of the deaths from hepatobil-
iary malignancies [2]. Metastatic liver tumors are malignant
tumors in the liver that have spread from other areas of the
body. Clinically, these malignant liver tumors are generally as-
ymptomatic in early stages and easily lead to missed diagno-
sis. In addition, they also require differentiation from benign
liver lesions to avoid unnecessary interventions. Therefore, it
is important to develop accurate diagnostic methods to dis-
tinguishing between benign and malignant liver tumors [3].

At present, serologic markers, such as a-fetoprotein (AFP) and
imaging technology, are the main methods to detect malig-
nant liver tumors. However, serologic markers are limited by
their low sensitivity, and imaging methods, such as computed
tomography (CT) and magnetic resonance imaging (MRI), are
limited by their high cost. Ultrasound and elastography have
been used as screening methods for liver tumors, but their ac-
curacy was only about 70% [4-6]. In addition, these imaging
methods have the risk of radiation exposure. In recent years,
mass spectrometry (MS) has been used in clinical diagnosis
and medical research fields, including discovery of cancer bio-
markers, diagnosis of bacterial infection, and identification of
mutations and genotypes of virus [7-11]. Mass spectrometry
technique is more precise, rapid, and cost-effective than the
traditional methods. In this study, we applied Matrix-Assisted
Laser Desorption Time of Flight Mass Spectrometry (MALDI-
TOF-MS) combined with weak cation-exchange chromatog-
raphy Magnetic Beads (MB-WCX) to establish classification
models to distinguish benign and malignant liver tumors and
identify the liver cancer-specific peptides by liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS).

Material and Methods

Subjects

All serum samples were obtained from 302 Military Hospital,
Beijing, China. Subjects included 66 patients with malignant
liver tumors (34 HCC, 22 CCA, and 10 metastatic liver tumors)
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Table 1. Clinical information of the liver tumor patients enrolled

in this study.
Variable T:,::i::?::i::; Benign('lii;l;r9 )tumors

Age, yr 53 (29-83) 48 (23-70)
s
CMale os2 o
CFemale 14 19
st
Tainngset s 2
validationset 2327
Diagnostic

methods

MRI 66 79
Histopathology 36 o
Cetology
Wy s s
v o131
COthes s 10

ALT (U/L) 35 (9-1194) 27 (9-118)
AST (U/L) 44 (10-930) 27 (11-99)
Albumin (g/L) 36.4+5.5 39.3+5.9

ALT — alanine aminotransferase; AST — aspartate
aminotransferase. Data was shown as median (range) or mean
+SD if normally distributed.

and 79 patients with benign liver tumors (34 liver cirrhosis le-
sions, 30 liver hemangiomas, 11 hepatic cysts, 3 hepatic ade-
nomas, and 1 focal nodular hyperplasia). The study character-
istics are shown in Table 1. All study subjects were first-visit
outpatients who were newly diagnosed with focal liver lesions
by ultrasound. The final diagnoses were made by liver histo-
pathology or MRI based on guidelines from the Ministry of
Health of the People’s Republic of China [12] and the guide-
line from the Chinese Society of Hepatology and the Chinese
Society of Infectious Diseases [13,14]. Some patients with the
following conditions were excluded: other systemic disease
such as diabetes and hypertension; prior surgery, interven-
tional therapy, radiotherapy, chemotherapy, and other inva-
sive treatment; and severe complications such as upper gas-
trointestinal bleeding and hepatic encephalopathy. The study
procedures were approved by the Ethics Committee of the 302
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Military Hospital of China, and written informed consent ob-
tained from each subject.

Sample preparation

The serum samples were collected in a 5 mL vacuum blood col-
lection tube without anticoagulant, then centrifuged for 5 min
at 12,000 g at room temperature. The serum samples were dis-
tributed into 1.5 mL aliquots and stored at -80°C. The frozen
samples should be thawed at room temperature for 15 min be-
fore use. MB-WCX (Bruker Daltonik, Germany) kits were used
according to the manufacturer’s protocol. We added 10 pL of
MB-WCX beads and 10 pL of binding solution (BB) in 200 pL
PCR tubes. Then we added 5 pL of serum samples and mixed
thoroughly by pipetting up and down. Subsequently, samples
were incubated at room temperature for 5 min, and then we
used a magnetic separator to collect the beads. The superna-
tant was removed, and the magnetic beads were washed three
times using washing solution (WB). Finally, we added 5 pL of
elution solution (EB) and 4 uL of stabilization buffer (SB) to
elute the peptide fraction from the magnetic beads.

MALDI-TOF-MS analysis

We transferred 1 pL of supernatant from the PCR tubes onto
a 384 ground steel target plate, and then the samples were
air-dried. Every dried sample was mixed with 1 pL of MALDI
matrix (60 mg of a-cyano-4-hydroxycinnamic acid [HCCA] dis-
solved in 1 mL of acetonitrile and 1 mL of 2% trifluoroacetic
acid [TFA]; Bruker Daltonik, Germany). Measurements were
performed using an Autoflex MALDI-TOF-MS (Bruker Daltonik,
Germany) instrument and FlexControl software (version 3.0;
Bruker). The parameter settings were as follows: positive lin-
ear mode (LP); mass range: 1000 Da to 20,000 Da; laser power:
60%. For each spot, 500x6 shots were acquired. The mass cal-
ibration was performed with the Peptide Calibration Standard
(700-3500 Da; Bruker Daltonik) and Peptide Calibration
Standard | (5000-20,000 Da; Bruker Daltonik). To evaluate
the reproducibility of the MB-WCX bead kits and instrument,
sera from eight normal subjects were treated by MB-WCX bead,
and each of them was detected for 8 repeats. The mean val-
ue of the coefficient of variance (CV) for all peaks was calcu-
lated to evaluate intra- and inter-reproducibility.

Data analysis and model generation

Data analysis was performed with ClinPro Tools Software and
Flex analysis software (version 3.0; Bruker). All the spectra
were normalized, and baseline subtraction and smoothing were
performed with Flex analysis software. Peaks with signal-to-
noise ratio (S/N) >5 were picked out, and statistical analysis
was performed. Data that were normally distributed were ana-
lyzed with Student’s t tests, and non-normally distributed data
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were analyzed by the Wilcoxon test. In order to construct the
diagnostic models to distinguish benign and malignant liver tu-
mors, all samples were randomly divided into 2 subsets: train-
ing set and validation set. A total of 95 serum samples (43 ma-
lignant liver tumor patients and 52 benign liver lesion patients)
were used to construct classification models as training sam-
ples. Three different machine-learning algorithms were used
as follows: genetic algorithm (GA), supervised neural network
(SNN), and quick classifier (QC). To confirm the clinical appli-
cability of the models constructed, the blinded validation test
was conducted with 50 other serum samples. Liver histopa-
thology or MRI results served as the gold standard. Accuracy,
sensitivity, specificity, positive and negative predictive values
(PPV and NPV), and Youden’s index were calculated to assess
the performances of the models.

Identification of peptide markers

Samples purified by MB-WCX beads were desalted using
ZipTipC18 pipette (Millipore, Bedford, Massachusetts, USA) tips
according to the procedure described below. ZipTips were ac-
tivated and equilibrated with 50% (vol/vol) acetonitrile. Then,
a TFA-acidified sample was applied to the ZipTip, followed by
two washes with 10 pL of 0.1% (vol/vol) TFA solution. Bound
proteins were eluted using a 50% (vol/vol) acetonitrile solu-
tion containing 0.1% (vol/vol) TFA. Analysis of the eluted pep-
tides was performed using a qTOF Synapt G2-S system (Waters,
Pittsburgh, Pennsylvania, USA) equipped with an ESI source
operated in the positive ion mode. The source temperature
was set at 100°C with a flow rate of 200 nL/min. The capillary
and cone voltages were set to 3000 and 40V. MS data were
collected for m/z values in the range of 100Da and 2000 Da
with a scan time of 0.5s, and MS/MS data were collected be-
tween 50Da and 1600 Da with a scan time of 0.2s. The MS/
MS data were searched on Mascot (http://www.matrixscience.
com). Peptide mass tolerance was 10 ppm, fragment ion mass
tolerance was 0.01, and the mass type of the parent peptide
and peptide fragment was at monoisotopic.

Results

Discrepancy analysis of mass spectra

We performed a reproducible study for the MB-WCX bead
and instrument. The CV of inter-reproducibility was 18.02%
(4.46~32.16%), and that of intra-reproducibility was 14.97%
(4.03~55.4%). After discrepancy analysis of serum peptidome
fingerprints by using ClinPro Tools Software, a total of 129
peaks were found and 27 of them were significantly differ-
ent (p<0.05) between the benign and malignant liver tumor
groups. The statistical results for the 27 peaks are shown in
Table 2. We also found that 16 peaks increased significantly
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Table 2. ClinProTools peak statistics for the differential peaks between malignant and benign liver tumors.

Ave .\ SD SD cv cv
(benign) (malignant) (benign) (malignant) (benign) (malignant)

Index Mass DAve PTTA PAD

Down-regulated peptides in malignant group

2 1034 9.77  <0.000001 0.00000213 0.000172 19.91 10.13 9.16 5.6 46.02 55.26
29 286034% 232 0000001 0000001 0000001 469 238 227 089 483 3754
60 410574 169 0000001  <0000001 00028 444 274 15 104 353 3791
5 107204 803 000000125 000000272 000000723 1647 844 825 441 o1l 5228
117 803596 904 000000399 0000001 0000001 1177 273 1013 246 8609 9005
5 10551 1131 000000309 000000116 0000001 2213 1082 1252 57 s6ss 5265
30 288154 333 000000314 0000001 0000001 579 246 367 08 344 3235
11 128181 437 00000069 0000029 000000404 1088 652 493 28 4505 4329
23 266013 562 00000227 000000641 00000552 1293 731 s 506 418 6924
10 127726 483 00000294 0000017 0000001 1001 518 els 286 6183 5518
7 10818 421 000013 0000206 000000118 1022 601 58 283 5758 4707

118  8049.18 6.27  <0.000001 <0.000001  <0.000001 3.74 10.02 2.38 6.15 63.69 61.42
8 12207 465 0000001 000000322 000000323 488 953 262 4st 537 4734
0 123843 488 000000106 000000136 000000244 552 1041 286 486 5184 4673
58 406899 1041 000000134 0000001 0000001  11S6 219 463 1051 4003 4784
57 406203 1351 000000309 0000001 0000001 808 2159 488 1466 6041  67.89
55 396897° 529 000000309 000000116 0000001 203 733 085 583 4les 7958
54 395204 643 000000314 0000001 0000001 319 962 115 715 3606 7428
6 107769 704 000000309 000000641 0000074 863 1567 448 748 s19 417
S5 405090° 7 000000499  0000009% 0288 1302 2002 656 613 5041 3064
59 408699 506 00000077 000000694 004 995 1501 454 48 4563 3213
4 106607 1049 00000251 000001l 0000001 999 2048 584 1337 a4 6527
26 27096 236 00000997 000005 000001 271 507 13 313 5007 6172
41 315566 807 000013 000000653 0000001 266 1073 13 1143 5124 10654
69 4956 567 0000166 00000417 0000001 518 1085 46 739 ssss  esis
42 324026 497 0000179 0000029 0000001 634 1131 421 645 e6ds 57
68 47779 524 0000179 0000001 0000001 233 758 117 763 4994 10067

The peaks are sorted according to the P-value in descending order. PTTA — p-value of t-test or ANOVA test; PWKW — p-value of
Wilcoxon test or Kruskal-Wallis test; PAD — p-value of Anderson-Darling test. * The identified peptide peaks with Mascot score lower
than threshold value. ** The identified peptide peaks with Mascot score higher than threshold value.
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Figure 1. (A) The whole mass spectra for all samples (green, benign group; red, malignant group). (B) The simulated two-dimensional
gel electrophoresis views of all samples (the upload, benign group; the download, malignant group).
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Figure 2. (A) Two-dimensional (2D) peak distribution view of peptides with m/z 1034 (x-axis) and 8049 (y-axis) for malignant
validation set samples. (B) 2D peak distribution view of peptides with m/z 1034 (x-axis) and 8049 (y-axis) for benign
validation set samples. Red cross, malignant group of training set; green hollow circle, benign group of training set; black

solid circle, validation set.

in the malignant liver tumor group; in contrast, the other 11
peaks were clearly reduced in the malignant liver tumor group.
To demonstrate the differences visually, the simulated two-
dimensional (2D) gel electrophoresis map and mass spectra
map are shown in Figure 1. The 2D peak distribution map of
first 2 peaks showed that the 2 groups of peaks were sepa-
rated completely, and we could discriminate the benign and
malignant liver tumors easily (Figure 2).

Establishment of classification models for liver tumors

We used the ClinPro Tools software to analyze the data and
establish three identified models (GA, SNN, and QC models).

Results of identification of malignant liver tumors by the 3
models were as follows: the GA model had a cross-validation
of 81.67% and a recognition capability of 100%, the QC mod-
el had a cross-validation of 86.11% and a recognition capa-
bility of 80.84%, and the SNN model and a cross-validation of
81.11% and a recognition capability of 89.38%. From the re-
sults shown in Table 3 we could infer that by using these al-
gorithm models, we could achieve above an 80% accuracy rate
for detecting malignant liver tumors. Therefore, blinded vali-
dation study with more clinical samples should be done with
the follow-up research.
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Table 3. Validation results of three liver tumor classified models.

Recognition rate (%) Cross-validation rate (%)

(c]. SNN QC
Accuracy (%) 78.00 84.00 84.00
 Senstvity®s sl 786 7826
 Specifictyy  7a07 s 888
© Positive predictive values (%) 7308 871 871
 Negativepredictivevalues (%) 8333 876 8276
~ positive likelhood ratio 319 704 704
© Negative likelihood rato 023 o2 024
""""" Youdewsindex ~ os7 o0& o0&

Table 5. Summary of proteins identified by LC-MS/MS.

Mr ppm Score Expect Protein source Peptide
286034 512 67 0.0023  Fibrinogen alpha chain K.MADEAGSEADHEGTHSTKRGHAKSRPV.R
4062.03-19.05 6 4.4e+003 Histone acetyltransferase RQQQLQHRLOQAQMLRRRMASMQRTGVVGQQQGL
406899 -324 1 16e+004 Angiomotn ATSGVKAHPPVTSAPLSPPQPNDLYKNPTSSSEFYKAQG
105250_275777e+002 """ é;ﬁ;{@ﬁ},’;'C';,';c'g\',;tgr';{;’F;,g,{_'é;;;{;ﬁ;_"';E'I'('I'\]"F"'L';E """"""""""""""""""""""""""""""""""""
like protein 2
306896 156 16 534002 Dedicator of cytokinesis protein1 FDWVIMNMVQNKVFLRAINQYADMLNKKFLDQ
395204 133 18 3e+002  Neurexin-3 RVKLMVNLDCIRINCNSSKGPETLYAGQKLNDNE
288154 313 65 00022  Fibrinogen beta chain RGHRPLDKKREEAPSLRPAPPPISGGGYR
405090 -470 9 2.3e+003 EEZ‘Z‘;?;;’;ZEJWO“"e'pmtem VDILGLVSEMRSYRMSMVQTEEQYIFIHQCVQL
315567 155 72 000084 Inter-alpha-trypsin inhibitor heavy chain H4 RNVHSGSTFFKYYLQGAKIPKPEASFSPRR

Uncharacterized protein C170rf59 VANNLOLKIRL

1281.81 29.0 8 43
homolog

Blinded validation of clinical samples QC models with 5 false negatives and 3 false positives, giving

a sensitivity of 78.26% and a specificity of 88.89%. The diag-

A total of 50 serum samples, including 23 malignant liver tu-
mors and 27 benign liver tumors, were successfully analyzed
as validation samples by MALDI-TOF-MS models. Among these
50 samples, 39 (78%) were correctly identified by the GA mod-
els with 4 false negatives and 7 false positives, giving a sen-
sitivity of 82.61% and a specificity of 74.07%. A total of 42
(84%) samples were correctly identified by both the SNN and

This work is licensed under Creative Common Attribution-
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nostic performances of 3 algorithm models are listed in Table 4.
Peptide identification
A total of 27 differential peaks were found by using the

peptidomic profiling analysis, but only 10 were identified
(Table 5). Among them, peaks at m/z 2860.34, 2881.54, and
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Figure 3. MS/MS fragmentation and sequence data for identified peptides of Mascot Search Results: The m/z 2860.34 peak
(MADEAGSEADHEGTHSTKRGHAKSRPV) was identified as a fragment of fibrinogen alpha chain with an ion score of 67.
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Figure 4. MS/MS fragmentation and sequence data for identified peptides of Mascot Search Results: The m/z 2881.54 peak
(GHRPLDKKREEAPSLRPAPPPISGGGY) was identified as a fragment of fibrinogen beta chain with an ion score of 65.
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Figure 5. MS/MS fragmentation and sequence data for identified peptides of Mascot Search Results: The m/z 3155.67 peak
(NVHSGSTFFKYYLQGAKIPKPEASFSPR) was identified as a fragment of inter-alpha-trypsin inhibitor heavy chain H4 with an ion
score of 72.

3155.67 were positively identified by a Mascot database the MASCOT score was 67. The peptide 2881.54 Da was
search. The peptide 2860.34 Da was identified with high a fragment of fibrinogen beta chain with the amino acid
probability as a fragment of fibrinogen alpha chain with the sequence GHRPLDKKREEAPSLRPAPPPISGGGY; the MASCOT
amino acid sequence MADEAGSEADHEGTHSTKRGHAKSRPV; score was 65. The peptide 3155.67 Da was a fragment of
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inter-alpha-trypsin inhibitor heavy chain H4 with the amino
acid sequence NVHSGSTFFKYYLQGAKIPKPEASFSPR; the MASCOT
score was 72. Mascot Search Results of 3 identified peptides
are shown in Figure 3-5.

Discussion

Malignant liver tumors always present as focal lesions in liv-
er, but not all focal lesions are malignant. Most benign tumors
also present similar clinical and imaging features, and they do
not require aggressive treatment. Therefore, it is very impor-
tant for making a treatment plan to differentiate benign from
malignant tumors. Despite widespread current availability of
advanced imaging techniques, the distinction between benign
and malignant liver tumors remains very difficult to determine.
In addition, advanced imaging techniques require complex pro-
cedures or high costs that many patients can’t afford. Liver bi-
opsy was considered the reference method for the diagnosis
of malignant liver tumors, but it has many limitations such as
invasiveness, sampling error, and inter-observer variability [15].
However, compared with imaging and histological methods,
serum tests are more convenient and rapid with a relatively
low cost, and they also can be used for dynamic monitoring.

MALDI-TOF-MS is a powerful tool for the detection and iden-
tification of proteins, peptides, polysaccharides, nucleic acids,
and other biological molecules, and it has been used in clinical
diagnosis and medical research successfully. In the past few
years, MALDI-TOF-MS has been used for the expression anal-
ysis of low-molecular-weight serum proteins and peptides. As
we know, human serum contains many different peptides that
are thought to be fragments of large proteins. Some of these
peptides may have the potential to be biomarkers for progno-
sis or diagnosis of diseases, because their presence/absence
or relative abundances are correlated with health status of pa-
tients. MB-WCX were developed for enrichment and purification
of low-mass peptides and proteins (1-20 kDa) directly from
the biological samples prior to MALDI-TOF-MS analysis. Many
studies have shown that it is an effective strategy to increase
the sensitivity and reproducibility of the mass spectra [16-18].

There are many published reports that focused on the mass
spectrometry technique in evaluation of liver diseases [19-22].
Mass spectrometry proteomic analysis for differentiating ma-
lignant liver tumors is also feasible now. He et al. established a
neural network model to diagnose whether HCC patients had
accompanying bone metastasis, and the sensitivity and speci-
ficity of this model were 85.29% and 85.71%, respectively [23].
Sandanayake et al. developed a predictive model to detect bil-
iary tract cancer (BTC), and it had a sensitivity of 79.5% and a
specificity of 83.9% in discriminating BTC from benign biliary
disease [24]. Scarlett et al. developed a classification model to
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distinguish cholangiocarcinoma (CC) serum samples from benign
serum samples, and it had 65.0% sensitivity and 70.0% specifici-
ty [25]. However, these studies were for diagnosis of a particular
cancer and not for distinguishing malignant from benign liver tu-
mors. Our study indicated that MALDI-TOF-MS can be helpful in
differentiation of malignant liver tumors from benign liver tumors.

Although the MALDI-TOF-MS method has greatly improved
the possibility of finding new potential biomarkers for diseas-
es, interference of protein produced due to a stress reaction
or chronic disease is a well-known problem in biomarker re-
search. For example, some patients with terminal malignant
tumors always have accompanying severe complications or
have undergone invasive treatment; thus, their serum compo-
nents have changed greatly. In order to rule out the influence
of the patient’s physical condition, some patients who had in-
vasive treatment, other chronic disease, and severe complica-
tions were excluded in our study. In addition, we handled all
the serum samples using MB-WCX beads and detected them
on the same day to avoid day-to-day variation. In this study, we
applied MALDI-TOF-MS technique combined with MB-WCX kits
to analyze 95 serum samples from 43 patients with malignant
liver tumors and 52 patients with benign liver lesions. A total
of 27 differentially expressed peaks (p<0.05) were found: 16 of
them were over-expressed in patients with malignant liver tu-
mors, whereas the others were under-expressed. Three peptide
peaks of m/z 2860.34, 2881.54, and 3155.67 were identified
with high probability as a fragment of fibrinogen alpha chain,
fibrinogen beta chain, and inter-alpha-trypsin inhibitor heavy
chain H4 (ITIH4), respectively. Fibrinogen, which participates in
the process of blood clotting, is synthesized in the liver. Many
previous studies had shown that fragments of fibrinogen alpha
or beta chains were associated with liver tumors [21,24,26,27].
ITIH4, an acute-phase glycoprotein produced primarily in the
liver, is involved in liver development and stabilization of the
extracellular matrix (ECM), and its expression is altered in liver
disease [28]. Noh et al. [29] confirmed that ITIH4 could be used
as a diagnostic and prognostic indicator in patients with hep-
atitis B virus-associated hepatocellular carcinoma. In the pres-
ent study, we have demonstrated that fragments of fibrinogen
and ITIH4 have been obviously altered in the serum of malig-
nant liver tumors patients, and they have the potential to be
developed as ideal biomarkers for the identification of malig-
nant liver tumors, which will be studied in our further work.

The classification models based on these differential peaks
showed different performances. The GA model obtained an
81.67% cross-validation rate and a 100% recognition rate.
The QC model obtained an 86.11% cross-validation rate and a
80.84% recognition rate. The SNN model obtained an 81.11%
cross-validation rate and a 89.38% recognition rate. They can
be used for distinguishing between benign and malignant liv-
er tumors and also can meet clinical-application needs after
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further confirmation. The results of blinded validation are ro-
bust, since the accuracy rate of these models is around 80%.
The GA model obtained 82.61% sensitivity and 74.07% spec-
ificity, which was better sensitivity and lower specificity com-
pared with the QC and SNN models. Both the QC and SNN
models obtained 78.26% sensitivity and 88.89% specificity. We
believe that a combination of three models might be a more
reliable approach for the screening of liver tumors.

There are still some things to be improved in our study. The
numbers of samples tested in our study limited the reliability of
the models, and the results of the blinded validation study are
not yet reliable enough for routine clinical diagnosis. Despite
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