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Abstract

Background: To evaluate the diagnostic performance of matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS) for ovarian cancer.

Patients and methods: A thorough research was conducted in PubMed, Web of Science and Embase (until
November 2018) to identify studies evaluating the accuracy of MALDI-TOF-MS for ovarian cancer. Using Meta-
Disc1.4, Review Manager 5.3 and Stata 15.1 software to analyze the pooled results: sensitivity, specificity, positive
likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR), and 95% confidence intervals (CI).
The summary receiver operating characteristic curves (SROC) and area under the curve (AUC) show the overall
performance of MALDI-TOF-MS.

Results: Eighteen studies were included in the meta-analysis. Methodological quality analysis of the included
studies showed that these articles were at low risk of bias and applicability concerns in total. Summary estimates of
the diagnostic parameters were as follows: sensitivity, 0.77 (95% CI: 0.73–0.80); specificity, 0.72 (95% CI: 0.70–0.74),
PLR, 2.80 (95% CI: 2.41–3.24); NLR, 0.30 (95% CI: 0.22–0.40) and DOR, 10.71 (95% CI: 7.81–14.68). And the AUC was
0.8336. Egger’s test showed no significant publication bias in this meta-analysis.

Conclusion: In conclusion, MALDI-TOF-MS shows a good ability for diagnosing ovarian cancer. Further evaluation
and optimization of standardized procedures are necessary for complete relying on MALDI-TOF-MS to diagnose
ovarian cancer.

Introduction
Ovarian cancer (OC) is one of the leading causes of
cancer-related death among the gynecological malignan-
cies in women [1]. High malignant degree and hetero-
geneity, occult location and vague clinical symptoms in
the early stage are the chief clinical characteristics [2].
Moreover, metastases have occurred before clinical
symptoms in most ovarian cancer patients. Thus, it’s not
until advanced that ovarian cancer has been diagnosed.

70% of diagnosed patients are at FIGO stages III and IV,
in which the 5-year survival rate is under 30%. Fortu-
nately, if it is detected earlier, the survival rate will reach
into 90% at FIGO stage I [3]. Hence, early diagnosis is
highly significant to improve prognosis and increase the
survival rates.
Nowadays, the common clinical diagnostic biomarkers

of OC include cancer antigen 125(CA125), human epi-
didymis protein4 (HE4) and carcinoembryonic antigen
(CEA). The sensitivity of CA125 in early ovarian cancer
is less than 50%, and HE4 combined with CA125 can
discriminate cases of endometriosis cyst and ovarian
cancer [4]. CEA is a broad-spectrum tumor marker that
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can increase sensitivity and specificity in combination
with CA125 and HE4 in postmenopausal women [5].
But the sensitivity and specificity cannot meet the clin-
ical demand. In addition, the expression of tumor
markers in different historical types and disease stages
may change. For this reason, researchers focus on the
identification of blood markers that express at the differ-
ent stages, multiple tumor markers are needed to im-
prove accuracy. Therefore, it is necessary to develop
sufficient diagnostic markers and methods.
Recently, the development of proteomics and detec-

tion equipment and technology of MS are increasing
rapidly, the number of studies of proteins and peptides
also increases gradually. Matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry
(MALDI-TOF-MS), as a new mass spectrometry tech-
nology, can successfully detect multiple biomarkers re-
lated to diseases, especially in the aspects of diagnosis
and treatment of tumor [6–8]. It also can quickly detect
some specific phase protein expression in the blood and
other body fluid and assist in establishing therapeutic
schedule, predicting the outcome of treated patients, and
estimating the possibility of recurrence [9]. By this tech-
nology, many studies showed that detecting the multiple
peptides can improve the diagnosis and prognosis in
colorectal cancer, breast cancer, gastric cancer and pros-
tate cancer [10–12].
Now, several studies that have reported the diagnostic

value of this method for ovarian cancer show controver-
sial results. So, we propose to evaluate the diagnostic
performance of MALDI-TOF-MS for ovarian cancer
through meta-analysis.

Materials and methods
Search strategy and inclusion /exclusion criteria
We conducted a search in PubMed, Web of Science and
Embase (until November 2018) to identify studies that
evaluate the diagnostic accuracy of MALDI-TOF-MS for
ovarian cancer. The search terms included “MALDI-TOF-
MS” or “Matrix-Assisted Laser Desorption-Ionization
Mass Spectrometry” or “Laser Desorption-Ionization Mass
Spectrometry, Matrix-Assisted” or “Mass Spectrometry,
Matrix-Assisted Laser Desorption-Ionization” and “ovar-
ian cancer” or “ovarian neoplasm” or “ovary cancer” or
“cancer of the ovary”. We manually searched the reference
lists of retrieved articles to identify trials.
All studies were included if they met the following in-

clusion criteria: (1) Studies of people were diagnosed
with histopathology; (2) The measurement of distin-
guishing ovarian cancer from benign or healthy controls
is MALDI-TOF-MS; (3) The sufficient data to calculate
the diagnostic parameters (sensitivity, specificity, positive
likelihood ratio, negative likelihood ratio) or allow

construction the 2 × 2 tables. Animals or cell studies and
duplicated studies were excluded.

Data extraction and quality assessment
Data extraction was performed independently by two re-
viewers from eligible studies according to the inclusion
and exclusion criteria. The third reviewer resolved the
disagreements through a discussion when the two au-
thors had differences of opinion. Data collection from
each study were extracted: first author; region; year of
publication; the number of subjects; age of subjects; spe-
cimen type; screening method; statistical software or
statistical algorithm; and the number of true positive,
false positive, false negative and true negative. QUDAS-2
(Quality Assessment of Diagnostic Accuracy Studies-2)
was used to assess the quality of included studies [13].
The quality assessment of studies is divided into two
parts: risk of bias and applicability concerns.

Statistical analysis
Two authors used standard methods recommended for
meta-analysis of the diagnostic studies independently.
We used Meta-Disc1.4, Review Manager 5.3 and Stata
15.1 software to analyse the result: sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio
(NLR), diagnostic odds ratio (DOR), and 95% confidence
intervals (CI). The summary receiver operating charac-
teristic curves (SROC) and area under the curve (AUC)
show the overall performance of the test. The Spearman
correlation coefficient is used to analyse and calculate
the threshold effects or non-threshold effects. Also, by
plotting the receiver operating characteristics (ROC)
curve, the result that observed as a “shoulder-arm” dis-
tribution indicated no threshold effects. The heterogen-
eity of this study was calculated by inconsistency index
I2: if I2 > 50%, it turned out to be significant heterogen-
eity in the study, then we used the random-effects model
to calculate the combined statistics; otherwise, a fixed-
effect model was implemented. When the heterogeneity
effect of this study was present, we performed meta-
regression to analyse the source of heterogeneity and
conducted the subgroup analysis. Egger’s test was used
to analyse the publication bias [14].

Results
Included studies and characteristics
Seven articles were included in the meta-analysis [15–21],
according to the inclusion and exclusion criteria. The
flowchart summarized the process of selection (Fig. 1).
From these articles, we extracted the data from eighteen
studies, including 592 samples (224 cases and 358 con-
trols). The specimen included serum and plasma. Control
group consisted of health or benign ovarian disease pa-
tients. Otherwise, Swiatly et al. used the patients with
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hysterectomy with bilateral salpingo-oophorectomy as the
control. The number of subjects ranged from 20 to 188.
And the histopathological type was epithelial ovarian can-
cer. Among these, Zheng et al. used high-grade-serious
ovarian cancer and the patients of ovarian cancer in Ali
et al. were selected with CA125 > 30-U/ml. In all eligible
studies, MALDI-TOF-MS was used to distinguish the pa-
tients from the people by measuring the expression of
proteins or peptides. These studies also performed the ex-
traction of low abundant proteins or peptides through
MALDI-TOF-MS coupled with magnetic beads, such as
magnetic beads based weak cation exchange (MB-WXC),
C18 Zip Tip, Hydrophobic interaction chromatography
magnetic beads C8 (MB-HIC C8) and Cu-immobilized
metal affinity chromatography magnetic beads (IMAC-Cu
MBs). The characteristics of these studies and patients are
listed in Table 1 in detail.

Quality assessment
The quality assessment of these studies was used by Re-
view Manager 5.3 software. Methodological quality ana-
lysis of the included studies showed that these articles
were at low risk of bias and applicability concerns in
total. Although most of the included studies were case-
control studies, in the patient selection domain, they en-
rolled patients consecutively or random samples. More-
over, they avoided inappropriate exclusions. The index
tests were performed after the results of the reference
standard, otherwise, conducted in double-blind. Some

studies’ thresholds were not preset which may affect the
interpretation of the results. The risk of the flow and
timing domain were at a low level. The summary of the
quality assessment was listed in Fig. 2.

Meta-analysis
The Spearman correlation coefficient is 0.403 (P =
0.097), and the shape of ROC show no typical shoulder
arm distribution, the result showed that no threshold ef-
fect. Using Meta-Disc1.4 software, we conducted the for-
est plot of sensitivity and specificity. The I2 of those
parameters were more than 50%, it indicated significant
heterogeneity among the meta-analysis. Therefore, we
pooled the combined data by the random-effects model.
Summary estimates of the diagnostic parameters were as
follows: sensitivity, 0.77 (95% CI: 0.73–0.80); specificity,
0.72 (95% CI: 0.70–0.74) (Fig. 3), PLR, 2.80 (95% CI:
2.41–3.24); NLR, 0.30 (95% CI: 0.22–0.40) and DOR,
10.71 (95% CI: 7.81–14.68) (Fig. 4). And the AUC was
0.8336 (Fig. 5). It demonstrated that the diagnostic per-
formance of MALDI-TOF-MS for ovarian cancer was a
good level of overall accuracy.

Meta-regression analysis and publication bias
To explore the source of the heterogeneity, we con-
ducted meta-regression analysis based on five variables:
region (Asia and others), control (health and others),
sample (> 100 and < 100), screening methods (MB-WCX

Fig. 1 Flow diagram of study selection
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and others) and quality (high and low). Table 2 showed
that no source of heterogeneity was observed.
Considered of the number of included articles, the assess-

ment of publication bias was performed by Egger’s test. The
results show no significant publication bias in this meta-
analysis (P= 0.162) (Fig. 6). The results and discussion may
be presented separately, or in one combined section, and
may optionally be divided into headed subsections.

Discussion
Nowadays, clinical routine early screening methods in-
volve transvaginal ultrasound examinations (TVUs) and
serum CA125 in ovarian cancer. Only 30–40% positive
rate still limits the clinical effect [22, 23]. Hence, more
efforts are needed to enhance the diagnosis accuracy.
Several studies have applied MALDI-TOF-MS to the

early diagnosis of ovarian cancer [24–26]. MALDI-TOF-
MS is a new type of soft ionization biological protein
spectrum technology, which has been developed rapidly
in recent years. The stable molecular ions are generated
by the soft ionization method, which could not break the
measured molecules, and mass spectrometry is carried out
by the time of flight mass analyser. The molecular mass of
the charged molecules is determined based on the time of
arrival at the detector, and a specific fingerprint is per-
formed by special software analysis [27, 28]. Compared
with the traditional protein detection technology, the ad-
vantages of MALDI-TOF-MS are high sensitivity and ac-
curacy, few sample sizes, short testing periods and varied
sample types, such as serum, plasma, tissue, and cerebro-
spinal fluid [29–31]. It has been used to identify the bac-
terium in clinical, and then its ability to explore the

Table 1 Characteristics of included studies in the meta-analysis

Author Year Region Age Sample
type

case/
control(n=)

Control type Histological type Screening
method

TP FP FN TN

1 Zheng, Z.G. 2014 China 55 Serum 34/36 Benign High-grade-serous
ovarian cancer

MB-WCX 18 7 16 29

2 Wu, S 2012 China 48.4 Serum 25/30 Health and benign EOC MB-WCX 22 5 3 25

3 Swiatly (a) 2017 Poland 65 Serum 11/12 Bilateral salpingo-
oophorectomy

OC C18 ZipTip 8 4 3 8

4 Swiatly (b) 2017 Poland 65 Serum 11/12 Bilateral salpingo-
oophorectomy

OC C18 ZipTip 9 6 2 6

5 Swiatly (c) 2017 Poland 65 Serum 11/12 Bilateral salpingo-
oophorectomy

OC C18 ZipTip 0 6 1 6

6 Periyasamy(a) 2015 India 51 Plasma 39/149 Health Serous epithelial
ovarian cancer

MB-HIC C8 33 33 6 116

7 Periyasamy(b) 2015 India 51 Plasma 39/149 Health Serous epithelial
ovarian cancer

MB-HIC C8 34 48 5 101

8 Periyasamy(c) 2015 India 51 Plasma 39/149 Health Serous epithelial
ovarian cancer

MB-HIC C8 36 58 3 91

9 Periyasamy(d) 2015 India 51 Plasma 39/149 Health Serous epithelial
ovarian cancer

MB-WCX 30 32 9 117

10 Periyasamy(e) 2015 India 51 Plasma 39/149 Health Serous epithelial
ovarian cancer

MB-WCX 35 45 4 104

11 Periyasamy(f) 2015 India 51 Plasma 39/149 Health Serous epithelial
ovarian cancer

MB-WCX 27 38 12 111

12 Periyasamy(g) 2015 India 51 Plasma 24/124 Health Serous epithelial
ovarian cancer

IMAC-Cu
MBs

19 25 5 99

13 Periyasamy(h) 2015 India 51 Plasma 24/124 Health Serous epithelial
ovarian cancer

IMAC-Cu
MBs

21 50 3 74

14 Periyasamy(i) 2015 India 51 Plasma 24/124 Health Serous epithelial
ovarian cancer

IMAC-Cu
MBs

19 46 5 78

15 John F. (a) 2010 UK 61.8 Serum 39/22 Benign OC C18 ZipTip 24 6 15 16

16 John F. (b) 2010 UK 61.8 Serum 39/66 Health OC C18 ZipTip 18 7 21 59

17 Lee, J. H. 2016 South
Korea

55.5 Serum 29/24 Benign OC NA 26 0 3 24

18 Ali Tiss 2010 UK NA Serum 23/29 Benign OC of CA125 > 30 U/mL C18 ZipTip 16 4 7 25

Abbreviations: EOC Epithelial ovarian cancer, OC Ovarian cancer, MB-WCX Magnetic beads based weak cation exchange, MB-HIC C8 Hydrophobic interaction
chromatography magnetic beads C8, IMAC-Cu MBs Cu-immobilized metal affinity chromatography magnetic beads, NA Not available, TP True positive, FP False
positive, FN False negative, TN True negative
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biomarkers have been gradually developed. MALDI-TOF-
MS can also detect the chemotherapy drug resistance, re-
currence, and metastasis of ovarian cancer [32–34].
The thorough research included seven articles and con-

tained eighteen studies. In this study, we synthesized the
overall diagnostic performance of MALDI-TOF-MS for
ovarian cancer. The pooled sensitivity and specificity were
77 and 72%, respectively, which indicated that 23% of pa-
tients could be missed and the rate of misdiagnosis was

28%. Compared with CA125 and HE4, the sensitivity and
specificity showed moderate performance. The result sug-
gested that multi-marker diagnostic strategies can be used
to improve the efficiency. The positive likelihood ratios > 10
and negative likelihood ratios < 0.1 are considered as a sig-
nificant indicator to judge a diagnosis [35]. In the present
meta-analysis, the pooled results that PLR and NLR were
2.80 and 0.30 suggest that the ability of MALDI-TOF-MS
may not strong enough to discriminate the ovarian cancer

Fig. 2 Methodological quality graph (a) and summary (b)

Fig. 3 Sensitivity (a) and Specificity (b) of the diagnostic performance of MALDI-TOF-MS for ovarian cancer
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Fig. 4 PLR (a), NLR (b) and DOR (c) of the diagnostic performance of MALDI-TOF-MS for ovarian cancer

Fig. 5 SROC of the diagnostic performance of MALDI-TOF-MS for ovarian cancer
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patients from the controls. Lee et al. showed that the
best PLR and NLR was respectively 44.17 and 0.13. The
reason why the result showed the good performance is
that low-mass-ion (LMI) profiling was constructed to
screen for OC with the removal of high-abundant pep-
tide and protein [20]. Therefore, the high-abundant
protein in serum or plasma should be separated to im-
prove the discovery of meaningful markers when
MALDI-TOF-MS is used to differentiate the ovarian
cancer. The diagnostic odds ratio [36], a single indica-
tor that shows the degree of association between diag-
nostic tests and diseases, was 10.71, indicates that
MALDI-TOF-MS may be used as an auxiliary rather
than independent detection method. The SROC AUC
was 0.8336. These results indicated that this technology
shows a good ability for diagnosing ovarian cancer and
should be used in combination with other markers to
improve the accuracy for early diagnosis.

In fact, MALDI-TOF-MS is also used to investigate
the abnormal changes of N-glycan modifications on pro-
teins of ovarian cancer. Biskup et al. reported that GLY-
COV (a change in serum polysaccharide group in
advanced epithelial tumors) can distinguish advanced
epithelial ovarian cancer from benign tumors and early
epithelial ovarian cancer in more sensitive and specific
compared with CA125 [37]. In addition, serum peptide
information with CA125 can improve the detectable time
for early diagnosis of ovarian cancer [25]. In 2016, OVA2,
a second-generation multivariate index FDA-approved
assay for ovarian cancer monitor, has already applied in
clinical screening for determining the OC risk by clinical
information [38]. Ivanova et al. reported that it is neces-
sary to identify the structure of peptide between the pa-
tients and other diseases for differential diagnoses [39]. In
order to determine the detection threshold better and im-
prove the diagnostic performance, Swiatly et al. found that

Table 2 Meta-regression analysis of the included studies

Covariates type number (n=) Co-eff standard error P-value RDOR 95%CI

region Asia 12 0.465 0.365 0.2224 1.59(0.73–3.47)

others 6

control heathy 10 0.211 0.3274 0.5291 1.23 (0.61–2.48)

others 8

method MB-WCX 5 −0.012 0.288 0.9664 0.99 (0.53–1.82)

others 13

quality high 14 −0.487 0.426 0.2708 0.61(0.25–1.52)

low 4

sample > 100 10 0.231 0.3564 0.5275 1.26 (0.59–2.69)

≤100 8

Abbreviations: MB-WCX Magnetic beads based weak cation exchange

Fig. 6 The Egger’s test of the included studies in the meta-analysis
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iTRAQ (isobaric Tags for Relative and Absolute Quantifi-
cation) coupled with MALDI-TOF-MS was as an appro-
priate method for identifying different protein expression
in serum to improve the ability to discriminate benign tu-
mors from malignant tumors [40].
According to the involved studies, Tiss et al. reported

that CA125 showed the good performance in the diag-
nosis of invasive ovarian cancer and MS profiling have
limitation as a diagnostic tool in 2010 [21]. However,
with the continuous maturity and improvement of mass
spectrometry technology, MS has showed its specific
ability in the diagnosis of cancer. Periyasamy et al. re-
ported that the plasma of patients with serous adenocar-
cinoma can minimize the variability and homogeneity,
and the results suggested that MALDI-TOF-MS showed
higher sensitivity than specificity in discriminating
healthy controls and women with serous adenocarcin-
oma, the most common type of epithelial ovarian cancer
[18]. Swiatly et al. pointed out that the combination of
solid phase extraction technology and MALDI-TOF-MS
was used to analyse the serum samples. In order to se-
lect the best diagnostic model, external validation was
implemented with three classification algorithms, includ-
ing supervised neural network (SNN), genetic algorithm
(GA), and quick classifier (QC). In addition, Swiatly
et al. showed that SNN was associated with the best dif-
ferentiating capabilities and satisfactory [17]. Therefore,
for the OC patients, the method choosing the solid
phase extraction technology and the algorithm choosing
SNN may improve the values of sensitivity and specifi-
city when MALDI-TOF-MS are used to diagnose the
ovarian cancer.
In this study, we cannot find the source of heterogen-

eity from five variables. There is no significant publica-
tion bias in the meta-analysis. There are only seven
articles in this study, and three of them contain more
than one study. In particular, one included article con-
tains nine studies, using different statistical algorithms
and screening methods to obtain different results [18].
We selected studies according to the inclusion and
exclusion criteria as long as the research design is
consistent in spite of the type of chips, samples, and
algorithms. Thus, any of these may be the source of
heterogeneity and affect diagnostic accuracy. As a high
precision and extremely sensitive technology, MALDI-
TOF-MS has some problems with repeatability. Many
factors could affect the stability of the results. From
samples collection, experiment operation to data ana-
lysis, operators need to control the biased of results
within an acceptable range. How to optimize the selec-
tion of instrument parameters, standardize of operation
produces and reference standard, reduce the difference
of various batches is a development path to be a diag-
nostic tool in the early stages of tumor. Based on the

included literature and related reports, if we use
MALDI-TOF-MS to diagnose cancer in the early stage,
it is necessary to construct a diagnostic model based on
statistical algorithms for large sample size firstly. Subse-
quently, the model should be verified by blind methods.
Ultimately, the cut-off value is established in the re-
search results. There are some limitations about this
study. The number of included literatures is small, and
some of those are included in more than one study,
which leads to the loss of diversity of results. Moreover,
it is essential that large prospective studies should be de-
termined in order to ensure the diagnostic performance
of MALDI-TOF-MS in clinical application. Therefore,
higher quality trails with large samples and longer
following-up are proposed. We believe that MALDI-
TOF-MS will show great application prospect and be a
powerful tool for early diagnosis of cancer in the future.

Conclusions
In conclusion, MALDI-TOF-MS shows a good ability
for diagnosing ovarian cancer. However, further evalu-
ation and optimization of standardized procedures are
necessary for complete relying on MALDI-TOF-MS to
diagnose ovarian cancer.
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