Am J Transl Res 2022;14(6):3574-3583
www.ajtr.org /ISSN:1943-8141/AJTR0142620

Review Article
A meta-analysis of the prognostic value
of circulating tumor cells in ovarian cancer

Xiaodan He?, Shenjie Li%, Yali Nit, Ming Jin?, Xin Fu?

INo. 1 Department of Gynecology, Cancer Hospital of China Medical University, Liaoning Cancer Hospital &
Institute, Shenyang 110801, Liaoning, China; 2Department of Breast Oncology, Cancer Hospital of China Medical
University, Liaoning Cancer Hospital & Institute, Shenyang 110801, Liaoning, China

Received March 1, 2022; Accepted May 16, 2022; Epub June 15, 2022; Published June 30, 2022

Abstract: Objective: To evaluate the prognostic value of circulating tumor cells (CTCs) in ovarian cancer. Methods:
Chinese databases (Wanfang, Cqvip, CNKI) and English databases (PubMed, Web of Science, Embase, SinoMed,
Cochrane Library) were retrieved to collect relevant studies on CTCs evaluation of ovarian cancer prognosis. Data
were extracted to analyze the effect of CTCs on the overall survival (OS) and progression-free survival (PFS) of
patients, and a meta-analysis was performed using Stata 15 software. Results: Nineteen studies were included in
this meta-analysis. The results showed that ovarian cancer patients with positive CTCs had a shorter OS and higher
death rate, (HR=1.57, 95% CI: 1.30, 1.84), a shorter PFS and an increased risk of disease progression (HR=1.29,
95% Cl: 1.04, 1.54) compared with patients with negative CTCs. Subgroup analysis showed that the HRs for death
and disease progression were higher in CTCs-positive patients after treatment than those patients with negative
CTCs (P<0.05). Conclusion: CTCs detection has a high application value in the prognosis assessment of ovarian

cancer.
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Introduction

Ovarian cancer is a gynecological malignancy
with high incidence rate, and the data released
by International Agency for Research on Cancer
(IARC) in 2018 showed that the incidence of
ovarian cancer ranked ninth in malignant
tumors and eighth in mortality among women
in 185 countries or regions worldwide [1]. Early
diagnosis and timely treatment are the keys to
improve the prognosis of ovarian cancer, but
the proportion of early diagnosis of ovarian
cancer is low at present, and more than 70% of
patients have been already in stage IIl or IV
upon diagnosis, leading to poor prognosis [2].
Despite significant advances in antitumor ther-
apy for ovarian cancer, a high proportion of
patients have recurred or progressed within
18 years after treatment [3]. Accurate assess-
ment of the prognosis of patients before and
after treatment can provide a reference for the
development of follow-up and subsequent
intervention plans, which is of great signifi-

cance to improve the prognosis of patients. At
present, the main methods for clinical evalua-
tion of the prognosis of ovarian cancer are
serum marker (CA125 and HE4 etc.) tests and
imaging analysis, but the accuracy has not yet
reached a satisfactory level [4]. Recent studies
have shown that circulating tumor cells (CTCs)
can assist in the clinical diagnosis and progno-
sis assessment of various malignancies [5].
CTCs before or after treatment are associated
with clinicopathological features and prognosis
in patients with ovarian cancer. Ovarian cancer
patients with positive CTCs have higher propor-
tion of advanced cancer, poor tumor differentia-
tion, poor prognosis, and a higher risk of recur-
rence and progression after surgery or antitu-
mor therapy [5]. A variety of studies have shown
that CTC is a predictive indicator for ovarian
cancer prognosis, and positive CTCs are associ-
ated with shorter progression-free survival and
overall survival [5-8]. In this study, we intended
to investigate the value of CTCs in prognostic
assessment of ovarian cancer through meta-
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Figure 1. Literature screening process.
Table 1. Basic profile of the included literatures
Authors Year Sample Detection time .CeII Assays Analysis I.:’ro.gnostic NOS
size enrichment indicators
A Poveda [16] 2011 216 Before treatment M Cellsearch  Multifactorial 0S, PFS 7
E Obermayr [12] 2013 35 Before treatment PM RT-PCR Multifactorial 0S, PFS 8
JD Kuhlmann [17] 2014 143 Before treatment IM RT-PCR Multifactorial 0S, PFS 7
MX Sang [7] 2014 80 Before treatment NA RT-PCR Multifactorial 0os 7
M Lee [8] 2017 24 Before treatment IM ICC Multifactorial 0S, PFS 7
T Fehm [18] 2013 30 After treatment PM ICC Multifactorial 0S, PFS 8
M Banys Paluchowski [19] 2020 43 Before treatment IM Cellsearch  Multifactorial 0S, PFS 8
M Banys [20] 2009 112 After treatment PM ICC Single factor 0S, PFS 7
MJ Mo [21] 2018 56 After treatment NA Cellsearch  Multifactorial 0S, PFS 6
M Thalgott [22] 2015 122 After treatment IM Cellsearch  Multifactorial oS 8
JF Liu [23] 2013 30 Before treatment IM Cellsearch  Single factor 0S, PFS 6
T Fan [24] 2009 71 Before treatment PM ICC Single factor 0S, PFS 8
ML Pearl [25] 2013 88 Before treatment M ICC Single factor 0S, PFS 8
K Behbakht [26] 2011 54 After treatment PM Cellsearch  Single Factor 0s 7
SO Gening [27] 2021 31 Before treatment IM Cellsearch  Multifactorial PFS 6
E Obermayr [28] 2017 78 Before treatment M Cellsearch  Multifactorial 0s 8
Yang J [29] 2021 114 Before treatment PM ICC Multifactorial PFS 7
| Chebouti [30] 2017 65 After treatment PM RT-PCR Single factor 0os 7
ZK Zhao [31] 2019 30 Before treatment IM ICC Single factor 0os 6

Note: PM: physical method; IM: immunological method; ICC: immunocytochemistry; NA: not reported.
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Figure 2. Meta-analysis of the correlation between CTCs and OS in ovarian

cancer patients.
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Figure 3. Meta-analysis of the correlation between CTCs and PFS in ovarian

cancer patients.

analysis and provided new markers for post-
treatment monitoring and assessment.

Materials and methods
Literature inclusion criteria

(1) Research type: clinical observation of CTCs
in predicting the prognosis of ovarian cancer.
(2) Subjects: patients with ovarian cancer
diagnosed by pathological examination. (3)
Literature in English and Chinese. (4) Pre-
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and Cochrane Library. The
time frame ranges from
January 2005 to December
2021. Chinese keywords: ov-
arian cancer, circulating tu-
mor cells, prognosis, survival
(Chinese translations of these

terms); English keywords: ovarian cancer/ovar-
ian carcinoma/ovarian tumor, circulating tumor
cells/CTCs/disseminated tumor cells/DTCs.
MseSH-related terms, subject terms in associ-
ation with free words were searched.

Literature screening and data extraction

Literature screening was performed indepen-
dently by two investigators (two gynecologists,
Shenjie Li and Yali Ni in our hospital). Verifica-
tion was done by a third researcher when there
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Table 2. Results of subgroup analysis

i 0S PFS
Indicators Subgroup
n HR (95% CI) P n HR (95% CI) P

Analysis method Univariate 7 1.57 (1.30, 1.84) 0.093 4 0.90 (0.46, 1.35) 0.292
Multivariate 10 1.75(1.41,2.09) 9 1.15 (1.06, 1.23)

Detection time Before treatment 11  1.38 (1.06, 1.70) 0.040 10 1.12 (1.03, 1.20) 0.027
After treatment 6 1.99 (1.31, 2.46) 3 1.61(1.18, 2.04)

Cell enrichment methods IM 9 1.48(1.08,1.88) 0.850 7 1.11 (1.02, 1.19) 0.066
PM 6 1.62 (1.15, 2.10) 5 1.35(1.09, 1.61)

Assay method Cellserach 7 1.82(1.32,2.33) 0.346 5 1.11 (1.02, 1.20) 0.015
RT-PCR 4 1.72 (1.08, 2.35) 2 2.99(1.60, 4.39)
ICC 6 1.39(1.03, 1.75) 6 1.29 (1.03, 1.55)

Note: OS: overall survival; PFS: progression-free survival; PM: physical method; IM: immunological method; ICC: immunocytochemistry.
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Figure 4. Subgroup analysis of OS-data analysis method.

was a controversary (head of research of this
study). Data extraction was performed for
the included literature, and differences were
recounted by the third researcher. Data collec-
tion forms were established, including authors,
year of publication, study populations, CTCs
enrichment methods and monitoring methods,
CTCs detection results, and prognostic param-
eters. If a correlation between CTCs and prog-
nosis before and after treatment was reported
in the literature, both data were applied; if
both univariate and multivariate analyses were
reported in the literature, only the results of
multivariate analysis were included.
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Literature quality evaluation

The NOS scale with a range of
0-9 was used to evaluate the
quality of literature, and score
>7 was regarded as high-qual-
ity literature [9].

Statistical analysis

Stata 15 software was used
for data analysis. Hazard ratio
(HR) with 95% confidence
interval (Cl) was used to
describe the correlation be-
tween CTCs and OS/PFS in
ovarian cancer. Higgins I test
was adopted to analyze the
heterogeneity of the studies,
and prognostic indicators with
P>0.1 or I1’<50% were ana-
lyzed using fixed-effect mod-
els in meta-analysis, while
prognostic indicators with P<

0.1 or 1>50% were analyzed using random-
effect models. Egger’s test was used to calcu-
late publication bias, and funnel plots were
drawn to observe its distribution characteris-
tics. Statistical significance was considered at
P<0.05.

Results
Literature inclusion process
A total of 19 literatures meeting the inclusion

criteria were included in this study, and the lit-
erature screening process is shown in Figure 1.
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Figure 5. Subgroup analysis of OS-detection time.
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Figure 6. Subgroup analysis of OS-cell enrichment methods.

Basic profile of the included literature

The basic profile of the included literature is
shown in Table 1. The cumulative number of
newly diagnosed ovarian cancer cases includ-
ed in this study was 1422, with 17 publications
in English [7, 8, 12, 16-20, 22-30] and 2 in
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Chinese [21, 31]. CTCs were
detected before treatment in
13 studies and after treat-
ment in 6 studies. Cell enrich-
ment methods: immunologi-
cal methods were used in
10 studies, physical methods
were used in 7 studies, and
cell enrichment methods were
not reported in 2 studies.
CTCs detection methods: RC-
PCR was used in 4 studies,
Cellsearch was used in 8
studies, and ICC was used in
7 studies. Correlation analysis
methods between CTCs and
prognostic indicators: univari-
ate analysis was used in 7
studies and multivariate anal-
ysis was used in 12 studies.
Prognostic indicators: 17 de-
scribed OS and 13 described
PFS. Literature quality: the
NOS scores of 19 literatures
were of 6-8, and 15 literatures
had a NOS score of >7 points.

Meta-analysis results

Correlation of CTCs with OS in
ovarian cancer patients: The
correlation of CTCs with OS
was reported in 17 studies.
The results of heterogeneity
analysis showed [°=0.0%,
P=0.475. Using a fixed-effect
model, the results of meta-
analysis showed that CTCs-
positive ovarian cancer pa-
tients had shorter OS and
higher morbidity and mortality
compared with CTCs-negative
ovarian cancer patients (HR=
1.57, 95% CI: 1.30, 1.84)
(Figure 2).

Correlation of CTCs with PFS in ovarian cancer
patients: The correlation of CTCs with PFS was
reported in 13 studies. Heterogeneity analysis
showed 1°=41.7%, P=0.057. Through a fixed-
effect model, meta-analysis showed that CTC-
positive ovarian cancer patients had shorter
PFS and higher risk of disease progression

Am J Transl Res 2022;14(6):3574-3583
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Figure 8. Subgroup analysis of PFS-data analysis method.

compared with CTCs-negative ovarian cancer
patients (HR=1.29, 95% Cl: 1.04, 1.54) (Figure
3).

Subgroup analysis

The results of subgroup analysis showed that
there were no statistical differences in OS and
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Cells from primary tumor foci

or metastases can enter into
the blood circulation through the vascular and
lymphatic systems, and most of the CTCs are
recognized and removed by the immune sys-
tem, but a small number of cells can acquire a
new cell phenotype and survive, and these
cells are CTCs. Positive CTCs can indicate high
tumor load, and CTC count is positively corre-
lated with tumor load and clinical stage, which

Am J Transl Res 2022;14(6):3574-3583



The value of circulating tumor cells

Study % invasive, reproducible and
D HR (95% CI) Weight . .

; sensitive markers, have high
Before treatment ' . . . .

APoveda (2011) e 158(099,253) 116 application potential in the
E Obermayr (2013) —— 291(113,418) 030 prediction of recurrence, pro-
ann (2 ! e— ! g i X . .

D Kubimam (2014) : 340(140,830) 0.6 gression and prognosis of

M Lee (2017) —_—— 1.30(0.23,7.14) 0.06 .

M Banys-Paluchowski (2020) E—o— 439(1.72,1120)  0.03 ovarian cancer after treat-

JF Liu (2013) >~ 051(0.19,137) 198 ment [7, 8, 12].

T Fan (2009) — 1.48(0.79,2.77)  0.70

ML Pearl (2013) —-— 1.03(0.41,259) 058 . .

SO Gening (2021) * 1.11 (1.03, 1.21) 84.93 CTC IS one Of the Important

Yang JN (2021) > 1.19(1.10,1.75) 643 mechanisms of tumor recur-

Subtotal (I-squared = 40.1%, p =0.090) ., 1.12(1.03, 1.20) 96.23 rence and metaStaSiS, Wh|Ch

T 5 can form microscopic cancer

TFehm (2013) - 149(1.04.214) 228 emboli through migration and

sy —~ 21s@es A0 02 adhesion under the interac-

MR Mo (2018) :-0— 1.72(1.13,2.61) 126 ) . .

Subtotal (I-squared = 0.0%, p = 0.710) O 1.61(1.18,2.04)  3.77 tion of microenvironment and
i tumor growth factors, and the

Heterogeneity between groups: p = 0.027 ' .

Overall (I-squared =41.7%, p =0.057) ' 1.14(1.05,1.22) 100.00 latter fu rther develop |nt0
! tumor metastases, resulting

T * T

-11.2 0

Figure 9. Subgroup analysis of PFS-detection time.
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in worsened prognosis [13]. It
has been found that CTCs
have the characteristics of
epithelial-mesenchymal tran-
sition (EMT), which are highly
homologous with stem cells,
and have strong metastatic
ability, and the higher the
tumor stage and load, the
greater the CTC count in
patients and the higher the
positive detection rate [14].
Studies related to gastric can-
cer have shown that CTC
counts can be used as a
predictor of OS and PFS after
chemotherapy, with patients
with CTCs <2 having signifi-
cantly longer OS and PFS
than those with >2 [15]. The
current meta-analysis for ov-
arian cancer yielded similar
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Figure 10. Subgroup analysis of PFS-cell enrichment methods.

can assist in malignancy diagnosis, assess-
ment and monitoring, molecular sequencing
and prognostic assessment [6]. Several stud-
ies on malignancies, including ovarian cancer,
have found that CTCs are correlated with tu-
mor clinicopathological features and may be
useful in assessing the efficacy of antitumor
treatment and the risk of recurrence [10, 11].
There are few indicators available for real-time
monitoring of tumor progression during ovarian
cancer treatment and follow-up. CTCs, as non-
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T
12

results. In this analysis, a pos-
itive CTCs test before/after
treatment could indicate poor
prognosis for ovarian cancer
patients, with significantly
shorter OS and PFS and an increased risk of
disease progression and death in those with
positive CTCs compared with those with nega-
tive CTCs. These results suggest that pre-treat-
ment or post-treatment CTCs detection has
high clinical significance and can assist in prog-
nostic assessment and late management
planning.

However, CTCs have not been widely used in
tumor diagnosis and treatment due to its high

Am J Transl Res 2022;14(6):3574-3583
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Figure 11. Subgroup analysis of PFS-assay methods.

Funnel plot with pseudo 95% confidence limits

1.2

nostic assessment. There was
no significant difference in the
correlation between CTCs and
prognosis of ovarian cancer
under different cell enrich-
ment methods, but a statisti-
cal difference was found
between different detection
methods. PFS was shorter in
those with positive RT-PCR
detection, and the specific
reasons for this are not clear,
but only few literatures in this
study adopted RT-PCR detec-
tion, which needs to be further
analyzed by expanding the

\ sample.

The present study still has

Figure 12. OS funnel diagram.

cost and inconsistent timing and procedures.
The detection is usually performed before the
start of treatment and after the completion of
antitumor treatment regimen, and the detec-
tion process mainly includes the isolation,
enrichment, detection and identification of
CTCs. It can be found from this retrospective
analysis that cell enrichment methods in clini-
cal studies mainly include physical and immu-
nological methods. The latter is more widely

3581

some limitations: (1) only
Chinese and English litera-
tures were included, which
may be under-representative,
and there is publication bias
in PFS; (2) the impact of CTC count on the prog-
nosis of patients was not evaluated, and medi-
cal reference values were not provided; (3) the
number of included literatures was insufficient
and the number of cases was small, which
should be further expanded in future studies.

In conclusion, the present study included more
risks compared to similar studies and per-
formed a subgroup analysis to explore the

Am J Transl Res 2022;14(6):3574-3583
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Funnel plot with pseudo 95% confidence limits

ly diagnosed ovary cancer:
a large real-world study. J
Cancer 2020; 11: 4625-
4640.

Gabriel MT, Calleja LR, Cha-
lopin A, Ory B and Heymann
D. Circulating tumor cells:
a review of non-EpCAM-
based approaches for cell
a enrichment and isolation.
Clin Chem 2016; 62: 571-
581.

Li J and Jiang Z. Advances
in circulating tumor cell re-
search: from counting to
phenotyping. Chinese Jour-

(5]

(6]

Figure 13. PFS funnel diagram.

effects of assay methods and different assay
times on the correlation between CTCs and
prognosis. CTCs can be used as biomarkers to
evaluate the prognosis of ovarian cancer
patients and have high application value.
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