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This study is aimed at determining the best nonacid nucleic blood tumor marker panels in terms of sensitivity, specificity, and
accuracy in order to detect breast cancer in early stages (I, II, and III) among eligible women for breast cancer screening.
PubMed, Web of Science, Embase, Scopus, and Cochrane were systematically reviewed to assess nonacid nucleic blood tumor
marker panels’ diagnostic value in women, both healthy and patient (before any anticancer treatment), for detecting breast
cancer. A network meta-analysis was carried out using a Bayesian network meta-analysis to estimate combined odd ratio (OR)
and 95% CI credible interval for presenting the results. Rankograms plot was drawn to rank the diagnostic value of different
panels. Of the 2358 titles initially identified, 9 studies and 8 panels were included in the network meta-analysis. Panels A
(MMP-9/TIMP-1) and K (TF1+TF2+TF3) had the highest sensitivity in early stages, as panel A with OR=11.61 and 95% CI
(1.49-102.5) demonstrated a better function than mammography. Panels H (CA 15.3 + IL-18) and A (MMP-9/TIMP-1) had
the highest specificity in early stages, but no significant difference with mammography. Panels A (MMP-9/TIMP-1) and H
(CA 153 + IL-18) had the highest accuracy in early stages, as they significantly exhibited a higher function than
mammography with OR =6.87 and 95% CI (2.07-31.35) as well as OR =3.44 and 95% CI (1.15-11.07), respectively. Panel A
including MMP-9/TIMP-1 in early stages demonstrated a higher diagnostic value for breast cancer than the rest of the panels.

1. Introduction

The cancer is the second prevalent cause of mortality after car-
diovascular diseases in the world and developed countries, and
the third cause in developing countries [1]. Among the different
types of cancers, breast cancer includes 23 percent of all the
women cancers and is the most prevalent cancer as well as the

deadliest malignancy among women. It is also the second cause
of death which is resulted from the cancer after the lung cancer
and one of the most important worryingly causes of women’s
health [2-4]. Although breast cancer is the most prevalent cause
of cancer death among women, the early diagnosis can raise
chance of treatment and complete remission [5] Therefore, it
has an essential role in the type and efficacy of treatment [6-8].
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Based on the European Commission Initiative on Breast
Cancer (ECIBC), screening should be followed by regular
mammography and in combination with annual MRI for
women with familial breast cancer [9].

According to the International Agency for Research on
Cancer (IARC), World Health Organization (WHO), and
eighth edition of American Joint Committee on Cancer
(AJCC), diagnostic work-up for early breast cancer can be
divided into four assessments that are as follows: general
health status such as history taking, physical examination
(CBE and BSE) and full blood count, assessment of primary
tumor including physical examination in combination with
imaging methods along with core biopsy, examination of
regional lymph nodes, and detecting of metastatic disease [9].

According to the cited guideline, the prevalent methods
of screening and diagnosing breast cancer include imaging
methods (mammography, MRI, and breast ultrasound),
physical examination (CBE: clinical breast exam; BSE: breast
self-exam), biopsy, and using blood factors, among which
mammography is a common and gold standard method
for detecting breast cancer [5, 10-12]. Nevertheless, because
of the limitation of these methods, particularly mammogra-
phy [5, 11, 13-24], cancer is usually detected when tumor-
ous cells rise locally and invade the surrounding tissues,
axillary lymph nodes, and even other parts of the human
body. As a result, clinical symptoms and pathological mani-
festations become visible.

Late diagnosis of the cancer is one of the most important
reasons of patients’ death [25, 26]. In addition, we usually
need more time and money on verifying the diagnosis since
some of the diagnosis may be incorrect and unreliable [11,
27, 28].

Generally, we need more investigation and evaluation to
determine a simple, accessible, cost-effective, and reliable
method for screening breast cancer in early stages.

Among the different methods of breast cancer diagnos-
ing, using blood factors (tumor markers) is known as a sim-
ple, noninvasive, and accessible method [29]. However, it is
not used as a common and standard method for breast can-
cer screening because of low sensitivity and specificity. As a
result, this method is predominantly used for monitoring
treatment, determining recurrences, and evaluating malig-
nancy progress [30-33].

There are some studies, in which several blood factors
(tumor markers) are simultaneously evaluated as a panel
that comparatively have higher sensitivity and specificity in
diagnosing breast cancer than the individual state. There-
fore, a single panel of blood tumor markers with high sensi-
tivity and specificity can be promising for early diagnosing
of breast cancer.

We decided to include non-acid nucleic blood tumor
marker panels for carrying out a network meta-analysis
because they are comparatively more cost-effective than acid
nucleic blood tumor markers and can be easily utilized and
set up in different clinical laboratories with various levels
of facilities and instruments [29].

This study is aimed at preparing new knowledge about
the diagnostic value of the best panels of nonacid nucleic
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blood tumor markers with different components to detect
breast cancer, especially in early stages, by carrying out a
network meta-analysis.

2. Material and Method

The systematic reviews of the observational studies were
conducted based on PRISMA guidelines (Preferred Report-
ing Items for Systematic Reviews and Meta-analysis) [34].

2.1. Eligibility Criteria. Definition of PICO:

Participants: qualified women for screening breast
cancer

Intervention: nonacid nucleic blood tumor markers
panels

Comparison: gold standard test

Outcome: sensitivity and specificity

(1) Studies that have investigated the chemical tumor
markers called as nonacid nucleic in breast cancer, which
are measurable in peripheral blood; (2) studies that have
simultaneously assessed several tumor markers in the form
of a panel to diagnose and detect breast cancer in early stages
(I, IL, and III); (3) articles presenting data for estimating sen-
sitivity and specificity; (4) having the minimum of two and
maximum of five as the number of tumor markers in the
panel; (5) all cohort and case control studies, in which accu-
racy in healthy and nonhealthy (before any anticancer treat-
ment) people is compared; (6) studies being published in
English.

2.2. Identifying Relevant Evidence

2.2.1. Search Strategy and Databases. PubMed, Web of Sci-
ence, Embase, Scopus, and Cochrane collaboration were
searched for identifying the related studies (Appendix B)
((PubMed up to 28 October 2019), (Web of Science + Sco-
pus + Embase up to 27 November 2019), and (Cochrane
up to 3 December 2019)).

The following key words as well as MESH terms (medi-
cal subject heading) in PubMed were used to find the related
articles:

(1) Search (“breast cancer mucin” OR “cancer antige-
n27.29”0R cancer antigen15.3 OR “cancer antige-
nl25”"0R  “cancer  antigen549”0OR  “cancer
associated serum antigen” OR “catapsin d” OR “car-
cinoma embryonic antigen” OR “creatine kinase-
brain” OR “carboxypeptidase n” OR “collapsin
response mediator proteins” OR “colony stimulating
factorl” OR “cytokeratin fragment” OR “Galectin.3”
OR “human epidermal growth factor receptor-2” OR
“Human mammaglobin” OR “mannose receptor”
OR “mucin- like carcinoma” OR “Matrix
metalloproteinase-9” OR “Mammary serum antigen”
OR “Nicotinamide phosphoribosyl transferase” OR
“p53 protein® OR “phosphohexose isomerase” OR
“small breast epithelial mucin” OR Survivin OR
“Tumor-associated glycoprotein72” OR “Tissue
Inhibitor of Metalloproteinases-1” OR “Thymidine
kinase” OR “Tissue polypeptide antigen” OR “Tissue
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polypeptide-specific antigen” OR “Urokinase plas-
minogen activator” OR “plasminogen activator
inhibitor-1” OR “Vascular Endothelial Growth Fac-
tor” OR “E_selectin:endothelial selectin” OR “P-
selectin:platelet selectin” OR “intracellular adhesion
molecule 17)

(2) Search “Biomarkers, Tumor/blood”[Mesh)

Search ((((#1 OR #2))) AND ((“Early Detection of Can-
cer’[Mesh]) OR ((“Cancer Screening” OR “Cancer diagno-
sis”)))) AND ((“Breast Neoplasms”[Mesh]) OR “breast
cancer”).

2.2.2. Study Selection and Data Extraction. All the consid-
ered publications were screened for relevance by two inde-
pendent reviewers, and any disagreement on the title and
abstract of the studies was dissolved by discussion with the
third person as a principal investigator. The full texts of
the relevant studies were checked based on the inclusion cri-
teria by researchers. The final list of the eligible studies was
prepared after reaching a consensus between the two
researchers. The extracted data from all the eligible studies
were as follows: study design, year of publication, location,
first author’s last name, study sample size, type of panels,
number of panel components, sensitivity, specificity, accu-
racy of panels, method of chemical measurement, type of
samples, clinical stages, outcome definition, and risk of bias
(Appendix A Table 1). Qualitative evaluation of individual
articles was independently assessed by two researchers, and
the scoring system based on the CASP checklist (specified
for diagnostic studies) was applied. The objective of the study,
sources and measurements, statistical methods, results in data,
main results, and study limitation were evaluated. Each of the
12 questions in the checklist was scored as 0, 0.5, or 1 (yes: 1;
cannot tell: 0.5, no: 0). Based on these mean scores, the quality
of studies was categorized into three groups of high (acquired
70 percent of the total score), moderate (acquired 50-69 per-
cent of the total score), and low quality (under 50 percent of
the total score). Overall, 94.4 percent of studies had high qual-
ity, and other studies were of moderate quality.

The included panels were as follows: (A: MMP-9/TIMP-
1, B: M-CSF+CA15-3, C: VEGF + CA15-3, D: VEGF + M-
CSF+CA 15-3, E: VEGF+ M-CSF, H: CA 15.3+IL-18, I
MSA+B2m, and K: TF1+TF2+TF3).

All these panels were made based on simultaneously
measuring two or three blood tumor markers in the patient
and healthy people using a compatible linear combination
method [35], except panel A that was resulted from the ratio
of two tumor markers (MMP-9 and TIMP-1). Measuring
protease (MMP-9)/protease inhibitor (TIMP-1) ratio in
some tumors may be a more accurate reflection of ECM
(extracellular matrix) remolding than measuring the abso-
lute level of the corresponding protease. Accordingly,
authors measured the MMP-9/TIMP-1 ratio, and it was
higher in the malignant group than benign and control
groups [36]. Panels B, C, D, and E were assessed in more
than one study (multiple studies), and panels A, H, I, and
K were only assessed in one study (single study).

We conducted direct and indirect paired comparisons of
the sensitivity, specificity, and accuracy of the included
blood tumor marker panels for screening breast cancer in
early stages. All the investigations were conducted in com-
parison to mammography (M) method as the gold standard
[37-39].

2.2.3. Statistical Analysis. Two main steps were taken to ana-
lyze the current paper: first, the traditional pairwise meta-
analysis and then the network meta-analysis. In the first
step, sensitivity, specificity, and accuracy were compared
with the estimated odds ratios (ORs) and 95% confidence
intervals (CI). Also, I-square and Tau-square tests were
run to detect the amount of heterogeneity for each pairwise
meta-analysis [40, 41]. In the second step, to clarify direct
and indirect comparisons, a network plot of all the diagnos-
tic panels was depicted. The size of nods and lines in the net-
work plot showed the number of patients and involved
studies, respectively, for each direct comparison. Pooled
effective sizes were estimated by using Bayesian network
meta-analysis for all the direct and indirect comparisons.
The Bayesian analysis used samples of Markov chain gener-
ating by Monte Carlo simulation by noninformative priors
for both effect sizes and precision. Convergence was checked
and confirmed after four chains and a 10,000-simulation
burn-in phase. Finally, direct probabilities were resulted
from the additional 50,000-simulation phase [42, 43]. The
estimates ORs and 95% credible interval (CrI) were consid-
ered for presenting the results; the ones not containing 1
were considered statistically significant. I statistics was cal-
culated to assess the heterogeneity by using the Markov
chain Monte Carlo (MCMC), and I* > 50% represented high
heterogeneity among the same comparative groups [44, 45].
To assess the assumption of consistency among direct and
indirect evidence, the node-splitting method was applied
[46, 47]. Rankograms were used to diagnose panel’s perfor-
mance for each modality. Every panel contained several bars
that showed cumulative probability from the first [48] to the
last rank (worst) [49, 50]. All the calculations were per-
formed by R-4.0.3 using “gemtc” and “netmeta” packages
for network meta-analysis and “meta” package for tradi-
tional meta-analysis [51-53].

3. Result

3.1. Study Selection. Of the 2358 retrieved articles, 479 orig-
inal studies were excluded, and 475 full texts were assessed
for eligibility. Fifty-four studies were identified relevant to
our research question, which contained 86 unique blood
tumor marker panels conforming to our eligibility criteria
(Appendix D Table 1). However, we could just utilize a few
number of panels in our review after expert panel discussion.
Discussions’ results were as follows: (1) it was approximately
impossible to compare all the identified panels (86 unique
panels) in the form of systematic review and network
meta-analysis; (2) most of the panels were only assessed in
one study (80 panels), and it was a big problem to make a
network and compare panels in the systematic review and
network meta-analysis. Finally, we decided to use all the
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Articles identified through electronic databases
(n: 2358)
PubMed (n: 432)-Web of Science (n: 715)-
EMBASDE (n: 94)-Scopus (n: 1064)-Cochrane(53)
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Remove duplicated
articles (n:199)

Articles screened by

Excluded non-relevant
articles regarding PICO
(n: 1648)

Excluded full texts (n: 451)
1. Not eligible data (n: 425)
2. Non-English articles

and lack of articles(n: 26)*

title and abstract E—
(n:2159)
Cross-referencing Full text articles
articles assessed for ) assessed for eligibility |~ *
eligibility (n: 475)
(n: 58)
Eligible studies to
include in network
meta-analysis
(24 original articles+30
cross-referencing)
(n: 54)
Excluded cross-
referencing
articles because >
of non-eligibility
(n:28)

limitations in utilizing

Put aside 45 studies
because of some

all panels.

Nine studies
could be
included in
network meta-
analysis

F1Gure 1: Flow diagram of included and excluded articles. * Although we sent emails to articles’ authors to get their full texts, we did not

receive any answers (Appendix C).

multistudy panels (6 panels) and the same number of single-
study panels (6 panels) (Appendix E). Among the single-
study panels (80 panels), we chose the panels which had
simultaneously the highest sensitivity and specificity in diag-
nosing breast cancer in the whole stages (I, II, III, and IV,
mostly without metastasis). In addition, they must have been
made of the least number of tumor markers. Overall, 15
studies and 12 panels were chosen, but only 9 studies and
8 panels presented enough data for estimating sensitivity
and specificity in early stages (I, II, and III) and could be
included in the systematic review and network meta-
analysis. All the 9 studies were similar regarding the preana-
Iytical procedures (Appendix F) and the analytical methods
(Table 1).

All the included and excluded studies are presented in
Figure 1.

3.2. Study Design and Population. This study included one
cohort and eight case—control studies conducted in five dif-
ferent countries from Asia, Australia, Africa, and Europe.
Asian study was related to Japan (1 study) [54]. European

studies (five works) were conducted in Poland [55-59].
Three other studies were related to Australia (1 study) [60]
and Africa (2 study) [36, 61].

The publication year of studies ranged from 1987 to
2017. Sample sizes ranged from 65 [61] to 240 [59], repre-
senting the total of 1,594 participants: 857 were breast can-
cer, 416 healthy, and 321 participants were as benign
breast tumor. Indeed, two studies had no benign breast
tumor category [54, 61]. There were 704 patients (82.1%)
in stages I, II, and III and 153 (17.9%) in stage IV of cancer
totally. The mean age of the women in the selected studies
(46.57 +7.12) ranged from 17 to 88 years (except the study,
in which the age of population was not mentioned) [60]. The
main characteristics of all the 9 studies included in the meta-
analysis are shown in Table 1.

Association between diagnosing breast cancer and blood
tumor marker panels in early stages: traditional pairwise
meta-analysis was conducted to estimate OR and 95% CI
for sensitivity, specificity, and accuracy. The results are
reported in (Appendix A Table 2). Analysis of heterogeneity
was conducted for three diagnostic modalities in early stages.



Disease Markers

“AydexBowrurews ;N T +TALATAL S ‘Wed + VSIN T 81T + €T VO H SO +IDFA 7 €-ST VO + ASO-W + ADFA *d ‘€-ST VO + IDHA O ‘STVO+HISO-IN d ‘T-dNLL/6-dININ ¥

(15°0€-20) 65F (LO'TI-€£0) 10T FTPI-¥0) 6€C (¢8°1-€€0) LL0 (19°¢-19°0) 9%'1

(FPT-L50) LT'T

(68'T-€0°0) ST'0

(81'%-60°0) 85°0

(€°€-20°0) 6%°0

(€0%-65°0) TS'T

(11'2-62°0) 8°0
I

(8S'T-%€°0) 20
(T1-20°0) 9T°0
(¥L'2-50°0) 9€°0
(11°2-50°0) 1€°0
(95'2-5€°0) 96°0
(€€°1-81°0) 150
(95°1-%2°0) €9°0
I

(S°T01-6%'T) 19°T1
(€677-S1°0) €5°C
(9%'96-8€°0) 8L°S
(S¥'LL-T€0) 18F

(THSI-S9'T) L8FI
(8£'£L-88°0) L8'L
(¥9°€6-60'T) 886

(65°6ST-8'T) SS'ST

I

< mO0OAMmT~ M=

I (€£°6-€0°0) #¥°0 (€€°2-%0°0) TS0 (¥€1-20°0) £T°0 (§T-%0°0) T€0
I (90°51-60°0) 61°T (¢8-50°0) 8€°0 (89°6-1°0) 20
I (€T-500) T€0 (19%-600) 19°0
I (6%'5-690) 68T
1
bl I H q a

0]

d

v

"POYJoUT STSA[BUR-LIOUI YIOMIOU UBIsafeq U0 paseq AANISUds 10] sfoued astmired [[e Jo [BAISIUT A[QIPAID 9%G6 SIT PUE $103d JATR[NY ¢ ATAV],



8 Disease Markers
TaBLE 3: Ranking of different panels’ sensitivity in early stages.

Rankl Rank2 Rank3 Rank4 Rank5 Ranké Rank?7 Rank8 Rank9
A 0.674 0.204 0.072 0.028 0.009 0.006 0.003 0.003 0.002
B 0.000 0.001 0.007 0.020 0.045 0.087 0.152 0.300 0.388
C 0.000 0.008 0.054 0.149 0.249 0.243 0.165 0.094 0.037
D 0.004 0.033 0.141 0.263 0.276 0.134 0.086 0.046 0.018
E 0.000 0.001 0.010 0.031 0.069 0.107 0.151 0.286 0.345
H 0.065 0.203 0.268 0.191 0.082 0.049 0.039 0.042 0.063
I 0.048 0.159 0.243 0.193 0.092 0.064 0.052 0.057 0.093
K 0.210 0.390 0.199 0.089 0.039 0.023 0.018 0.015 0.018
M 0.000 0.000 0.006 0.037 0.141 0.287 0.335 0.157 0.037

A: MMP-9/TIMP-1; B: M-CSF+CA15; C: VEGF + CA 15-3; D: VEGF + M-CSF + CA 15-3; E: VEGF+ M-CSF; H: CA 15.3 + IL-18; I: MSA + B2m; K: TF1

+TF2+TF3; M: mammography.

In the early stages for sensitivity, I* was 77%. Also, for spec-
ificity, I* was 68%. Results represented the heterogeneity
among all the comparison groups. Accordingly, the Bayesian
network meta-analysis in the format of random effect model
was run. However, the fixed effect model was used for accu-
racy because I* was 0% for the early stages, which meant no
evidence of heterogeneity among the studies. To assess the
inconsistency between the indirect and direct comparisons
for all the modalities, the node-splitting analysis was done;
the result did not show significant inconsistency (p value >
0.05) (Appendix A Tables 3-5).

Panel A had a significantly better function than M in
sensitivity with OR =11.61 and 95%CL (1.49-102.5). Panels
C, D, H, I, and K exhibited a negligibly better function than
M. Finally, M had a negligibly better function than E and B
in sensitivity. Panel A remarkably demonstrated a better
function than panels B with OR=15.5 and 95%CL (1.8-
159.59), E with OR = 14.87, 95%CL (1.65-154.2), and C with
OR =9.88, 95%CL (1.09-93.44). Also, panel A had a negligi-
bly higher function than other panels. It had the maximum
difference with panel B and minimum difference with panel
K. There was no significant difference between the rest of the
panels (Table 2). The highest function in sensitivity was
related to panel A that was located in rank 1 with the prob-
ability of 0.674 and panel K that was located in rank 2 with
the probability of 0.390. The lowest function was related to
panel B that was located in rank 9 with the probability of
0.388 and panel E that was located in rank 8 with the prob-
ability of 0.286 (Figure 2(a) and Table 3). The network meta-
analysis plot of the panels was drawn for sensitivity
(Figure 3). M had a noticeably better function than panels
B with OR=0.15 and 95%CL (0.05-0.4), C with OR=0.1,
95%CL (0.03-0.26), and D with OR =0.07, 95%CL (0.02-
0.21) in specificity. It exhibited a negligibly higher function
than panels I and K. Panels H and A had a negligibly better
function than M in specificity. Panel A exhibited a signifi-
cantly higher function than panels B with OR =19.94 and
95%CL (1.63-293.1), C with OR =30.24, 95%CL (2.58-
414.3), and D with OR =43.87, 95%CL (3.68-669.7), but
had no significant difference with other panels. Panel H
had a considerably better function than panels B with OR
=0.03 and 95%CL (0.01-0.37), C with OR =0.02, 95%CL

(0.0-0.24), D with OR =0.01, 95%CL (0.0-0.17), and E with
OR =0.02, 95%CL (0.0-0.29). Panel H had a higher function
than other panels in specificity, which was not significant.
There was no significant difference between the rest of the
panels (Table 4). The highest function in specificity was
related to panel H that was located in rank 1 with probability
of 0.641 and panel A that was located in rank 2 with proba-
bility of 0.488. The lowest function was related to panel D
that was located in rank 9 with probability of 0.410 and
panel C that was located in rank 8 with probability of
0.256 (Figure 2(b) and Table 5).

M had a better function than panels B with OR =0.53
and 95%CL (0.35-0.78), C with OR=0.55, 95%CL (0.37-
0.81), D with OR =0.43, 95%CL (0.27-0.68), and E with
OR =0.55, 95%CL (0.35-0.88) in accuracy, which was signif-
icant. Panels A with OR =6.87 and 95%CL (2.07-31.35) and
H with OR=3.44 and 95%CL (1.15-11.07) exhibited a
remarkably higher function than M. Moreover, K and I
had a better function than M in accuracy, which was negligi-
ble. Panel A demonstrated a significantly higher function
than panels B, C, D, E, and [; it was negligibly higher than
K and H. Panel H had a noticeably better function than
panels B, C, D, and E, which was negligibly better than K
and L. Panel K exhibited a significantly higher function than
panels B, C, and D in accuracy. There was no considerable
difference between the other panels (Table 6). The highest
function in accuracy was related to panel A that was located
in rank 1 with the probability of 0.768 and panel H that was
located in rank 2 with the probability of 0.567. The lowest
function was related to panel D that was located in rank 9
with the probability of 0.624 and panel C that was located
in rank 8 with the probability of 0.232 (Figure 2(c) and
Table 7).

4. Discussion

One the most important obstacles in the timely diagnosis of
breast cancer is lack of a simple, accessible, precise, and reli-
able screening method. Among the different methods of
breast cancer diagnosis, using blood factors (tumor markers)
is known as a simple, noninvasive, and accessible method.
However, blood tumor markers individually may not be a
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10 Disease Markers
TaBLE 5: Ranking of different panels’ specificity in early stages.

Rankl Rank2 Rank3 Rank4 Rank5 Ranké Rank?7 Rank8 Rank9
A 0.327 0.488 0.117 0.048 0.012 0.005 0.002 0.001 0.001
B 0.000 0.000 0.004 0.139 0.310 0.281 0.162 0.082 0.022
C 0.000 0.000 0.001 0.032 0.109 0.215 0.270 0.256 0.117
D 0.000 0.000 0.001 0.009 0.035 0.079 0.164 0.302 0.410
E 0.000 0.000 0.002 0.071 0.178 0.247 0.243 0.178 0.082
H 0.641 0.273 0.055 0.021 0.006 0.002 0.001 0.000 0.001
I 0.008 0.026 0.056 0.237 0.181 0.089 0.088 0.099 0.216
K 0.014 0.042 0.086 0.308 0.160 0.083 0.071 0.082 0.153
M 0.010 0.170 0.677 0.134 0.009 0.000 0.000 0.000 0.000

A: MMP-9/TIMP-1; B: M-CSF+CA15; C: VEGF + CA 15-3; D: VEGF + M-CSF + CA 15-3; E: VEGF+ M-CSF; H: CA 15.3 + IL-18; I: MSA + B2m; K:
TF1+TF2+TF3; M: mammography.
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F1GURE 2: Estimated rank probability of all panels’ sensitivity, specificity, and accuracy in early stages. A: MMP-9/TIMP-1; B: M-CSF+CA15;
C: VEGF + CA 15-3; D: VEGF + M-CSF + CA 15-3; E: VEGF+ M-CSF; H: CA 15.3 + IL-18; I: MSA + B2m; K: TF1+TF2+TF3; M:
mammography.
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@ 0.8 (0.29-2.1) @

FIGURE 3: Multiple comparison of different panels for sensitivity in
early stages. A: MMP-9/TIMP-1; B: M-CSF+CA15; C: VEGF + CA
15-3; D: VEGF + M-CSF + CA 15-3; E: VEGF+ M-CSF; H: CA 15.3
+ IL-18; I: MSA + B2m; K: TF1+TF2+TF3; M: mammography.

reliable method for breast cancer screening because of low
sensitivity and specificity. On the contrary, using several
blood tumor markers simultaneously as a panel can approx-
imately promote sensitivity and specificity of single blood
tumor markers in the early diagnosis and screening of breast
cancer. This study is aimed at introducing the best nonacid
nucleic blood tumor marker panels when coming to sensitiv-
ity, specificity, and accuracy in order to detect breast cancer
in early stages. To reach this goal, we conducted a network
meta-analysis and compared the best available nonacid
nucleic blood tumor marker panels with mammography
and each other.

Panels A (MMP-9/TIMP-1) and K (TF1+TF2+TF3) had
the highest sensitivity in early stages, as panel A with OR
=11.61 and 95% CI (1.49-102.5) demonstrated a better
function than mammography. It means the odds of detect-
ing early cancer in positive individuals was 11.61 times of
the odds of the outcome in people with the negative test.
Nevertheless, panel K with OR=4.59 and %95Cl (0.7-
30.51) did not exhibit a significant difference with mammog-
raphy. In the screening tests, sensitivity had a critical role in
detecting a disease [62] since with higher sensitivity, the pos-
sibility of false negatives would be less and the time for more
definitive diagnostic tests would be saved. It seems that the
tumor marker panels like A or K that are able to detect
breast cancer with high sensitivity in early stages can be
more advantageous than mammography for screening
breast cancer, especially in underdeveloped areas, because
they are more accessible, cost-effective, and applicable in
such regions which lack sophisticated instruments and spe-
cialized person as the two necessary factors for regular
mammography.

Panels H (CA 15.3+IL-18) and A (MMP-9/TIMP-1) had
the highest specificity in early stages, but did not have

11

remarkable difference with mammography. Obviously, spec-
ificity is the proportion of people without diseases that have
a negative blood test.

Panel A had 95% specificity, meaning that would iden-
tify 95 percent of healthy women who do not have the dis-
ease. Tests with high specificity (a high true-negative rate)
are the most useful when the result is positive. False-
positive test can impose great psychological stress on the
patient or incur higher diagnostic costs.

The best panels based on total function are A: MMP-9/
TIMP-1 and H: CA15.3+IL-18.

To judge a test, its sensitivity and specificity must be
considered in general as a test accuracy, i.e., its ability to dif-
ferentiate the patient and healthy cases correctly.

Our finding showed that in early stages, panels A and H
had the highest accuracy and total function in comparison
with other panels. However, we recommend panel A,
because it had even better function in accuracy than panel
H (Table 1). Indeed, regarding the quality of study and sam-
ple size issues, the study related to panel A was more reliable
than the panel H study. Also, panel A was more cost-
effective than panel H considering the price of ELISA kit.
Panel A was made of MMP-9 as a member of matrix metal-
loproteinases (MMPs) that are implicated in cancer invasion
and metastasis and TIMP-1 as a kind of tissue inhibitor of
metalloproteinases (TIMPs). In the neoplastic disease, the
imbalance of MMPs and TIMPs, leading to the excess of
degradative activity, is supposed to be linked to the invasive
character of tumor cells. In reference to MMP-9 and TIMP-
1, a significant correlation has been previously reported
between serum expression and breast disease severity score,
suggesting the potential application of its measurement in
monitoring breast cancer progression [36].

5. Strengths and Limitations

There are a large number of research publications about
tumor markers and their correlation with monitoring the
treatment, determining the recurrence, evaluating the malig-
nancy progress, and diagnosing breast cancer. However, no
systematic review and network meta-analysis have ever been
reported to investigate the association between blood tumor
markers panels and diagnosing breast cancer in early stages.
The main strength of this study was to evaluate this idea that
blood tumor marker panels can be promising diagnostic
tests beside mammography for detecting breast cancer in
different stages, especially the early stages. We tried to search
most of the important databases; therefore, we believe we
have included all the relevant studies, most of which had a
high score based on the CASP checklist.

Our analysis was limited by the data in the included
studies and the structure of the reported data. For example,
after final screening of studies, we faced many panels (86
unique panels), all of which could not be used in our analy-
sis. We could just use a limited number of them, as was dis-
cussed in the study selection. Most of the panels were only
assessed in one study and had no more than one study (80
panels); it was a big problem to make a network and com-
pare the panels in systematic review and network meta-
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TaBLE 7: Ranking of different panels’ accuracy in early stages.

Rankl Rank2 Rank3 Rank4 Rank5 Ranké Rank? Rank8 Rank9
A 0.768 0.191 0.035 0.005 0.000 0.000 0.000 0.000 0.000
B 0.000 0.000 0.000 0.002 0.048 0.243 0.279 0.299 0.129
C 0.000 0.000 0.000 0.004 0.059 0.316 0.293 0.232 0.096
D 0.000 0.000 0.000 0.000 0.008 0.045 0.108 0.214 0.624
E 0.000 0.000 0.001 0.009 0.078 0.321 0.275 0.214 0.103
H 0.189 0.567 0.203 0.032 0.006 0.001 0.001 0.000 0.001
I 0.005 0.043 0.200 0.337 0.247 0.057 0.035 0.034 0.042
K 0.038 0.198 0.492 0.163 0.076 0.014 0.008 0.007 0.005
M 0.000 0.001 0.069 0.448 0.478 0.004 0.000 0.000 0.000

A: MMP-9/TIMP-1; B: M-CSF+CA15; C: VEGF + CA 15-3; D: VEGF + M-CSF + CA 15-3; E: VEGF+ M-CSF; H: CA 15.3 + IL-18; I: MSA + B2m; K: TF1

+TF2+TF3; M: mammography.

analysis. We had to calculate sensitivity and specificity of
panel E in the study [59] by AUC (area under the ROC
curve) chart. Unfortunately, most of the studies have not
exactly cited the gold standard test used for detecting patient
and healthy control; therefore, we considered the gold stan-
dard test of mammography in all the studies with constant
sensitivity and specificity [37-39]. Probably, some studies
such as potentially non-English language studies and those
lacking accessible full text were not included.

6. Conclusion

In conclusion, panel A including MMP-9/TIMP-1 in early
stages demonstrated a higher diagnostic value for breast can-
cer than the rest of the panels, as it had OR=6.87 and
95%CL (2.07-31.35) and exhibited noticeably higher accu-
racy than mammography as well as the highest sensitivity
(97.5) among other panels and the highest specificity (95)
after panel H (CA 15.3+IL-18). After panel A, panel H with
sensitivity of 88.6 and specificity of 100 and panel K (TF1
+TF2+TF3) with sensitivity of 90 and specificity of 93 had
the best function in early diagnosing of breast cancer in
comparison with the rest of the panels, which provided evi-
dence toward further development of the early diagnosis of
breast cancer in order to improve the survival of patients
suffering from breast cancer. However, we definitely need
more experimental studies on these panels with more sam-
ple size, in different populations and by other chemical mea-
surement methods.
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