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Abstract

Objectives: Numerous studies have elucidated that circulating tumor cells (CTCs) have significant prognostic value in various
solid tumors. However, the prognostic value of CTCs in small cell lung cancer (SCLC) remains controversial. The current study
was performed to investigate the prognostic significance of different time points of CTCs in SCLC.

Methods: PubMed, EMBASE, Web of Science, and Cochrane Library databases were retrieved for eligible studies. Pooled hazard ratios
(HRs) and 95% confidence intervals (Cls) were calculated to investigate the association between CTCs level and overall survival (OS) and
progression-free survival (PFS) in SCLC. Furthermore, subgroup analyses, sensitivity analysis, Begg's and Egger’s tests were also conducted.
Results: Sixteen cohort studies with 1103 participants were eligible for this meta-analysis. Our results revealed that higher
pretreatment CTCs level was significantly correlated with worse OS in SCLC no matter CellSearch (HR, 2.95; 95%ClI, 1.56-
5.58; P =.001) or other methods (HR, 2.37; 95%Cl, 1.13-4.99; P = .023) was used to detect CTCs. Higher pretreatment CTCs
status detected by CellSearch was associated with shorter PFS (HR, 3.75; 95%Cl, 2.52-5.57; P < .001), while there was no
significant association when other methods were adopted to CTC detection (HR, 2.04; 95%Cl, .73-5.68; P = .172). Likewise, we
observed that higher post-therapy CTCs level detected by both CellSearch (HR, 2.99; 95%Cl, 1.51-5.93; P = .002) and other
methods (HR, 4.79; 95%ClI, 2.03-11.32; P < .001) was significantly correlated with decreased OS in SCLC. However, higher
post-therapy CTCs count detected by CellSearch was not correlated with worse PFS (HR, 1.80; 95%Cl, .83-3.90; P = .135).
Sensitivity analysis demonstrated that the pooled data were still stable after eliminating studies one by one. However, significant
publication bias was observed between pretreatment CTCs level detected by CellSearch and OS of SCLC.

Conclusion: Dynamic monitoring of CTCs level could be a non-invasive and effective tool to predict the disease progression
and prognosis in patients with SCLC.
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Introduction

As a high-grade neuroendocrine carcinoma, small cell lung
cancer (SCLC) consists of about 15% of lung cancer cases.’
SCLC is characterized by an exceptionally rapid doubling-time,
strong predilection for early metastasis, and bleak prognosis.’
Despite the advances that have been made in cancer screening,
early diagnosis, and precise management in recent years, es-
pecially the promising antitumoral effect of immune checkpoint
inhibitors (ICIs) in clinical utility, SCLC remains a more lethal
disease than other solid tumors.>* Most SCLC patients have
metastatic diseases at diagnosis, resulting in a median survival
duration of less than one year for these individuals, and the 5-
year survival rate staggering at 1% ~ 5%."*° Therefore, it is
crucial to explore early and effective biomarkers to predict tumor
prognosis and monitor disease progression in these patients.

In recent decades, various techniques called “liquid biopsy”
have emerged as novel tool and played pivotal roles in tracking
evolutionary dynamics and heterogeneity of tumors, detecting
the emergence of treatment resistance, and predicting disease
recurrence.’ Circulating tumor cells (CTCs) are malignant
cells that originated from either primary tumors or metastases
and then migrate into the bloodstream,® represent the most
prominent liquid biopsy marker. Because CTCs could represent
a sampling of the patient’s live tumor cells, they serve as a
unique biomarker, which is different from any existing cancer
biomarkers. Numerous studies have reported that CTCs have
significant prognostic value in various solid tumors, including
breast cancer, colorectal cancer, head and neck cancer,
esophageal cancer, and lung cancer.”'* According to previ-
ously published studies, it is reported that the concentration of
CTCs in SCLC is the highest among all solid tumors, which can
mirror the high metastatic tendency of SCLC."'

Recently, although a growing number of original studies have
evaluated the prognostic value of CTCs at different time points
in SCLC, their results are inconsistent, and a vast majority of
studies have a small sample size. For example, in a Phase Il
clinical trial conducted by Salgia et al, they found that pre-
treatment CTCs count detected by CellSearch was not signifi-
cantly correlated with overall survival (OS) and progression-free
survival (PFS) in SCLC.'® Besides, Shen et al. also indicated
that pretreatment folate receptor-positive CTCs detected by
ligand-targeted polymerase chain reaction (LT-PCR) were not
associated with OS in SCLC patients treated with first-line
chemotherapy.!” Thus, we performed this meta-analysis to
comprehensively investigate the prognostic significance of
CTCs in SCLC and provide evidence support to clinical practice
in accordance with the Primary Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) reporting checklist.'®

Methods
Search Strategy

The present meta-analysis was performed according to the
PRISMA reporting checklist."® We conducted a comprehensive

literature search in PubMed, EMBASE, Web of Science, and
Cochrane Library to identify potential studies, with research
language being limited as English and research time being
limited from inception to Feb 7, 2021. Both MeSH terms and
free words were used to construct a search strategy. The MeSH
terms for CTCs and SCLC were “Neoplastic Cells, Circulating”
and “Small Cell Lung Carcinoma.” Ultimately, we used the
following strategy searched for Title/Abstract in electronic
databases: ((((((((((Neoplasm Circulating Cells) OR (Circu-
lating Neoplastic Cells)) OR (Cells, Circulating Neoplastic))
OR (Neoplastic Cells, Circulating)) OR (Circulating Tumor
Cells)) OR (Cells, Circulating Tumor)) OR (Tumor Cells,
Circulating)) OR (Cells, Neoplasm Circulating)) OR (Circu-
lating Cells, Neoplasm)) OR (CTCs)) OR (Neoplastic Cells,
Circulating[MeSH])) AND (((((((Small Cell Lung Cancer) OR
(Oat Cell Lung Cancer)) OR (Small Cell Cancer Of The Lung))
OR (Carcinoma, Small Cell Lung)) OR (Oat Cell Carcinoma of
Lung)) OR (SCLC)) OR (Small Cell Lung Carcinoma
[MeSH])). The protocol for this meta-analysis was also pro-
spectively registered in the PROSPERO database (http://www.
crd.york.ac.uk/PROSPERO), and the registration number for
this article is CRD42021236128.

Eligibility Criteria

To keep our study accurate and reliable, the included studies
had to meet the following prespecified inclusion criteria in
accordance with PICO(S) principle. (a) Participant: patients
were pathologically/cytologically diagnosed with SCLC; (b)
Exposure: high/positive CTCs status at different time points of
treatment (pretreatment, post-therapy, or at the time of disease
progression); (c) Comparison: low/negative CTCs status at
different time points of treatment; (d) Outcome: the associ-
ation between CTCs level and OS/PFS in SCLC. Hazard ratios
(HRs) and 95% confidence intervals (Cls) of OS and PFS were
calculated using multivariate Cox regression analysis; and (e)
Study design: retrospective or prospective cohort studies.
Reviews, case reports, conference abstracts, and other irrel-
evant studies were excluded. Besides, studies were also ex-
cluded if the relationship between CTCs level and clinical
outcome of SCLC was not reported or the survival difference
between different CTCs level groups were compared using
Kaplan-Meier survival curve or univariate Cox regression
analysis. Furthermore, studies with less than 20 patients were
excluded as well.

Data Extraction and Quality Assessment

Two investigators (AJ and HZ) independently extracted es-
sential data into a previously designed standardized Excel
sheet. The extracted data mainly including (a) study details
(first author’s name, year of publication, study location, and
study design); (b) participants characteristics of the included
studies (total sample size, gender composition, age, disease
stage, and treatment); (c) CTCs data (sampling time, detection
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methods, markers, and cut-off value of CTC), and (d) survival
data (survival outcomes and HRs and their corresponding 95%
CIs in multivariate Cox regression analysis).

The Newcastle-Ottawa Scale (NOS) was exploited for
quality assessments for included studies in our meta-analysis
as previously described.'”° Studies with a total score of not
less than seven were considered high-quality studies. Two
investigators (NL and YM) conducted quality assessments
independently. Any discrepancies regarding data extraction
and quality assessment were resolved by discussion and
consulting with another investigator (XF) for a consensus.

Statistical Analysis

In the current study, the Stata 12.0 software (Stata Corpora-
tion, College Station, Texas, USA) was adopted for statistical
analysis, including pooled data analysis, assessment of het-
erogeneity, sensitivity analysis, and publication bias detection.
The pooled HRs and 95% CIs were calculated to estimate the
association between different time points of CTCs levels and
the OS/PFS of patients with SCLC. Heterogeneity among
included studies was assessed using Cochran’s Q test and F°
test, with I > 50% and P < .05 being considered existing
statistical heterogeneity. The random-effect model was uti-
lized to pooled data analysis and forest plots generating.
Besides, subgroup analyses were conducted to explore the
potential sources of heterogeneity as well. The stability of
the pooled HRs was further evaluated by sensitivity analy-
sis, which by omitting each study one by one from the

meta-analysis. Ultimately, Begg’s and Egger’s tests were
adopted to detect whether there was publication bias.

Results

Study Selection and Study Characteristics

A total of 6082 studies were identified using the predefined
search terms. After excluding duplicated records and irrele-
vant studies, 39 studies were selected into full-text reading.
There were 19 studies unsatisfied with inclusion criteria and
excluded after reading the full-text carefully. In addition, four
studies with duplicated participants were also excluded.
Overall, 16 studies with 1103 SCLC patients were eligible for
this meta-analysis. The detailed information of the flow di-
agram of this study is presented in Figure 1.

All of the included studies were published from 2012 to
2020. Of these, five studies were conducted in China,'”*!-**
three studies were conducted in America,'®?>?° and there
were two studies each from Japan,27’28 the Netherlands,zg’30
the United Kingdom (UK),>'~*? and Greece.***** The majority
of the included studies (13, 81.3%) were prospective cohort
studies. The sample size of the included studies varied from 25
to 112 (median value: 62.5). 62.2% (686) of patients were
male, and all subjects ranged from 28 to 92 years old. Eleven
studies enrolled patients with both limited-stage (LS) and
extensive-stage (ES) disease,'’?!242%:27-30:32-34 4 studies
enrolled patients with IIIB stage disease,”>>* and only one
study enrolled LS-SCLC patients.>’ Regarding treatment

(n=06082): PubMed (n=558), Embase
(n=1412), Web of Science(n=4023), and
Cochrane Library (n=89)

Records identified through database searching

»| Exclusion of duplication (n=742)

v

Literatures after duplicates (n=5340)

Excluded for not relevant, reviews,
meta-analysis, conference reports

A 4

and others after title and abstract
reviewed (n=5301)

Full-text articles assessed for eligibility (n=39)

Exclude literatures that do not meet
the inclusion criteria (n=19)

Y

A 4

Exclude literatures with duplicated
participants (n=4)

Studies included in meta-analysis (n=16)

Figure 1. Flow chart of literature selection.
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regimen for the included SCLC patients, most studies ad-
ministered  chemotherapy/concurrent chemoradiotherapy
(CCRT). Patients in one study received pazopanib for targeted
therapy.> Sixteen studies evaluated the association between
pretreatment CTCs level and the prognosis of SCLC,'®!721-34
nine studies assessed the relationship between post-therapy
CTCs level and the prognosis of SCLC,'-2224:28:30:32-34 314
only two studies detected CTCs level at the time of disease
progression.** Among the included studies, CellSearch
platform was the most predominant method to detect
CTCs,'6:22:23:25:26.28-34 o her applicable methods also included
immunofluorescence (IF),?'~*** PCR,'”** Flow cytometry,'®
fluorescence in situ hybridization (FISH),>' and OBP-401
assay (TelomeScan®).?” When the CellSearch platform was
used to detect CTCs level, 5 CTCs/7.5 mL was commonly
adopted as CTCs cut-off value. Table 1 summarized the de-
tailed characteristics of the included studies. After a rigorous
quality assessment, we identified 12 high-quality studies (>7
scores, Table 2).

Pretreatment CTCs Level and OS

Among the included studies, 10 studies reported HRs and 95%
CIs of pretreatment CTCs level detected by CellSearch and OS
of SCLC,.'6:22:25:26.28:32.34 1y comparison, six studies pro-
vided the relationship between pretreatment CTCs status
detected by other methods and OS of SCLC.'®!721.24.27.34
Therefore, we performed pooled data analysis to evaluate the
association between pretreatment CTCs level and OS of SCLC
according to different CTCs detection methods (CellSearch
vs. other methods). The pooled results indicated that elevated/
positive pretreatment CTCs status was significantly correlated
with worse OS in SCLC no matter CellSearch (HR, 2.95; 95%
CI, 1.56-5.58; P=.001, Figure 2(A)) or other methods (HR,
2.37; 95%CI, 1.13-4.99; P=.023, Figure 2(B)) was adopted to
detect CTCs. We also observed significant statistical hetero-
geneity between different studies in the above analyses (I for
CellSearch: 87.1%, F¥ for other methods: 81.8%, respectively).
Subsequently, subgroup analyses were exploited to explore
the potential sources of heterogeneity and evaluate the
prognostic significance of CTCs status in different subgroups.
First, we conducted subgroup analyses (including publication
year, study design, region, sample size, treatment, CTCs cut-
off value, and NOS score) to assess the potential effect of
pretreatment CTCs detected by CellSearch on OS in SCLC
(Table 3). We observed that the statistical heterogeneity was
reduced after subgroups were stratified by region and NOS
score, indicating that the results in these subgroups are stable
(Table 3). Besides, the results showed that higher CTCs level
was correlated with worse OS in SCLC treated with CCRT
(HR, 5.83; 95%CI, 3.15-10.76; P<.001, Table 3) and
chemotherapy/CCRT (HR, 3.29; 95%CI, 2.00-5.40; P<.001,
Table 3), while there was no significant association between
elevated CTCs level and OS in SCLC who treated with
chemotherapy alone (HR, 1.59; 95%CI, .74-3.40; P=.231,

Table 3). Furthermore, the subgroup analysis results also
revealed that higher CTCs level was not associated with worse
OS in SCLC when 5 CTCs/7.5 mL (HR, 1.90; 95%CI, .43-
8.11; P=.323, Table 3) was set as the cut-off value. However,
higher CTCs level was significantly correlated with decreased
OS in SCLC when >5 CTCs/7.5 mL (HR, 3.62; 95%CI, 2.42-
5.40; P<.001, Table 3) and 2 CTCs/7.5 mL (HR, 2.92; 95%CI,
1.51-5.63; P=.001, Table 3) were used as cut-off values. The
results of other subgroups confirmed that higher pretreatment
CTCs level detected by CellSearch was significantly corre-
lated with unfavorable OS in SCLC, as summarized in Table 3.

We then performed subgroup analyses to assess the po-
tential effects of pretreatment CTCs detected by other methods
on OS in SCLC (Table S1). Unlike the previous subgroup
stratification, we added CTCs’ detection methods as a new
subgroup to explore the effects on OS when different methods
were used to detect pretreatment CTCs. We observed that
except for subgroup analysis performed by treatment, there
was still higher heterogeneity in other subgroups (Table S1).
Regarding the detailed CTCs’ detection methods, the results
indicated that positive CTCs status at baseline detected by IF
was significantly correlated with unfavorable OS in SCLC
(HR, 5.37; 95%CI, 3.09-9.33; P<.001, Table S1). Neverthe-
less, there was no statistical difference between pretreatment
CTCs status and OS of SCLC when PCR (HR, 1.40; 95%CI,
.39-5.04; P=.611, Table S1) and other methods (HR, 1.82;
95%CI, .38-8.84; P=.455, Table S1) were used to detect
CTCs.

Pretreatment CTCs Level and PFS

A total of eight studies evaluated the relationship between
pretreatment CTCs level detected by CellSearch and PFS of
SCLC.'62%23:2531-3% The heterogeneity test suggested mild
heterogeneity among these studies (I°= 35.9%, Figure 2(C)).
The pooled data indicated that elevated pretreatment CTCs
level detected by CellSearch was correlated with worse PFS in
SCLC (HR, 3.75; 95%CI, 2.52-5.57; P<.001, Table 3). Fur-
thermore, we also performed subgroup analyses to evaluate
the potential effect of pretreatment CTCs detected by Cell-
Search on PFS in SCLC (Table 3). The results of subgroup
analyses suggested that higher pretreatment CTCs level de-
tected by CellSearch was not significantly associated with
worse PFS in SCLC in retrospective studies (HR, 2.37; 95%
CI, .97-5.82; P=.060, Table 3) and studies that were conducted
in North America (HR, 3.33; 95%CI, .78-14.25; P=.105,
Table 3). However, the results in other subgroups indicated
that SCLC patients with higher pretreatment CTCs levels
detected by CellSearch also had decreased PFS, as summa-
rized in Table 3.

Four studies investigated the relationship between pre-
treatment CTCs level detected by other methods and PFS of
SCLC."®!7:243% We observed that there was significant het-
erogeneity among these studies (= 90.6%, Figure 2(D)). The
random-effect model was adopted for pooled data analysis.


http://journals.sagepub.com/doi/suppl/10.1177/10732748211050581
http://journals.sagepub.com/doi/suppl/10.1177/10732748211050581
http://journals.sagepub.com/doi/suppl/10.1177/10732748211050581
http://journals.sagepub.com/doi/suppl/10.1177/10732748211050581
http://journals.sagepub.com/doi/suppl/10.1177/10732748211050581

Jiang et al.

‘[EAIAINS 93.j-UOIsS2.50.4d ‘G4d ‘[BAIAINS ||BIBAO ‘SO ‘O|GE|IBAR 10U VN Iun 101dada. 91.j0) ‘N4 |j92 Jowiny SunendJid 3| D ‘unelayolk) “HD B|ndsjow uoisaype |23 [elpyaids ‘|yDd3 sjopurjdusyd-g-oulpiwelp
-9 ‘Idv@ ‘uondeau ureyd aseswAjod-uondlidsues) asUaAd ‘YDd-1Y ‘uondead ureyd asesswAjod parediel-puedl| “YDd-17 ©ousIsaionjjounwiwl ‘4| {UONEZIPIIGAY IS Ul 9dUdIsaJon|) ‘HS|H ‘Oseasip uolssadoud
‘ad ‘Adessys psassue ‘| ‘AusBuns g Adessypolped vy ‘Adedsypowaypd ‘) ©98eIS-0AISUSIXS ‘ST ‘93eas-paaiwl| ‘S ‘S[ewa) ‘ Bfew ‘| Apms aAndadsoud ‘Od ‘Apnis aAndadsounad ‘Oy ‘Wop3ury| pajun YN SUONEBIASIGQY

Adessyy
Idva ‘s¥ad -3s0d oeNIL
SO wWQ§//sD1D01 M ‘WyDd3 YaJess|[ed ‘duljaseg +2/0 S3/S1 (48-L¥) ¥9 ve/se 69 Od SPUeliByIeN 710¢ uuew.sl|iH
Adesayy
w sz Idva ‘s+ad -1s0d
S4d/SO /21D 0§ M ‘WyDd3 Yaeag|[ed ‘duljaseg o s3/51 (+8-87) 89 147434 L6 Od N Ti0t 2eW[ NoH
Adesayy
-13s0(
SO TW4§/L/sO1D8 S¥AD ‘WvDd3 YaJess|eo ‘aulpeseg Y+2/0 s3/sT1 (T6-v€) £9 Livy 1S Od uede[ 7]0¢ gzl O¥MEN
Adesayy
aAnedau -1504
S4d/SO [3ARIsOod 612D YDd-1Y ‘aulpeseg Y+2/0 S3/ST (SL-1¥) 65 61/9¢ ) Od BUIYD €10T vz IMUIUS
Adesayy
sy $¥ad -1504 (69-6%)
Sdd /sO1D 81T D ‘WyDd3 YaJess|[eo ‘dulpeseg +D 989 Sv/L9 Cll Od BUIYD +10T 1M
Idva ‘s+ad
SO TW4SLsO1DS D ‘WyDd3 YaJeas|eo sulpeseg o) s3 (6£-09) €9 9/61 ST Od eLBWY $]0T  4HD 3ueny
SO TW§LsO1DT d4D shesse |0p-d40O supseg  ¥+D/D  SIST (§8-19) 69 [45:14 o€ Od uede[ 10T 1S BMEB|
Idva ‘s¥ad
SO TW§L/sO1D1T D ‘WyDd3 Yaess|[ed sulpsseg Y+2/0 s3/s1 (1£-09) 9 81/0t 8¢ OY SspuellsyIsN 910t W 34od
S4d/SO TWSL/SOLD S WvDd3 Yaess|eo sulpeseg Y+2/0 53/ (08-€¥) ¥9 0€/0T 09 Od eLBWY £]0T D [emieddy
aAneSau
/aAnIsod A132WO03L> Adesayy
Aw g/ IdVA $Y¥DXD Mmol4 -350d
S4d/SO /212 9 ‘Sydd D LEELENC) ‘duljaseg D S3 VN VN 68 Od BLRWY /10T oY BIBes
S4d/SO W g/Nd v J103deda.l a3ej04 YOd-11 sulpeseg o) sa/s1 (18-1%) 19 11/69 08 Od BUIYD £10T [ usus
Adesayy
qw sz S¥ad -350d
$4d/SO /SO1D S6l D ‘WyDd3 YaJess|[eo ‘dulpeseg +D g (69-6v) 65 Sv/L9 Cll oY 'UIYD 810T w1 ™
aAnedau ad
/3AnIsod ‘“Adeseys
Aw g/ OEIW ‘URUSWIA -1s0d vel
$4d/SO /D12 S ‘SkAD DD ‘TPRPA 4l ‘Ydes|;eD ‘auljaseg +2/0 S3/sT1 (28-+¥) 99 11/5S 99 Od 939319 8|0CT  SPfElESSdly
9AneSsu ad
[oAnISO4 IdVa ‘0EW ‘Adesayp
Aw g/ ‘URUBWIA /9 -1s0d eel
$4d/SO [SO1D°§  -DID ‘WvDdT  dl ‘yaaesg|RD ‘dulpeseg 1 S3/s1 (28-6€) 99 0l1/9% 99 Od 993319 8|0T  sPfealesssly
qw sz S¥add
S4d/SO /21D Sl MD ‘WyDd3 Yaess|[eo sulpeseg U+D s1 (s¥-£4) €9 SE/0r SL Od AN 610T |eAY AL
Idva
SO 114 ‘S¥AD ‘8dAD 4I/HSH aulpeseq SN/ID S3/S71 1'01F€°99 11/L6 801 (@) BUIYD 0TOT 1zdd SUBAA
ssawo2In0 anjeA LNENNI-IN| spoyow swn Suldwes Juswies. ] a3exs (s8ued) (/W) azis  udisap Anunod Jes) Apnig
[EAIAINS  JO-IND) SO uond3IxQ aseasi( 98y  Jopusry ojdwes  Apmg

'S9IPNIS papn[aul aY3 JO SONISIISIdBIRYD Buljdseg | d|qel



Cancer Control

"9402s ou sjuasaJdal ‘32 940s | sjussaadad ‘X (9[edS BMENO-9[ISEIMIN ‘SON :SUONBIASIqQY

NIL
8 X x X F X x x X uueuwusiiH
L x x * S * x* x 3 W[ noH
L 3 X x* e X X x ¥ 1 oueN
L X X x Raaa x* X x 3% M US
8 X x* x SF * x* x * 1nd
9 * 3% ¥ te s ¥ ¥ X ¥ HDOSueny
9 X 3% X S X ¥ X S S emeg)
L x x X F X x x 3% W 840d
9 3 * * S * X x St D [emaesdy
L % ¥ ¥ ¥ ¥ ¥ x ¥ Y eigjes
L X 3% ¥ XX ¥ ¥ X * [ uays
L X 3% x R x* X x X 1nd
L x x* x SF * x* X 3% | sbjelessal
9 3 3 * xXx X X X 3% | sPjeliessaly
L 3% 3% X XX X X X ¥ AY Ael
L X % X ¥ X X X x dd 3uepp
24025 s1404y0d Jn>o awomnno sisA[eue Jo usisap ay: Apmas aunsodxa 1404y0d 140yod pasodxa ayy Apmg
jo dn mojjoy 0} SSWOINO JO JUSWISSISSY JO SISBQ DY) UO S1IOYOD  JO 1JBIS IB JUSsaad 10U JO IUSWUIRIIDISY pasodxa  jo ssausAnelussa.udey
Jo Asenbapy Joj y3nous Suo) jo Ayjiqesedwo) sem 3sa4a3ul JO SWOINO -uou ayp
dn-mojjo} sepp 1Y) uope.asuows Jo uondses
[e10] swomnQ Aiiqesedwor uond9|es

'SaIpmIs papnjaul |[e 4o} SON Y3 01 SulpJodde paIdNpuod JuawWssasse AlEend T dqeL



Jiang et al.

A

%
Study HR (95% CI) Weight
Tay RY (2019) —
Messaritakis | (2018)

: 6.19 (3.08, 12.42) 12.85
— s 490(1.20, 20.60) 8.66

Fu L (2018) ———————  4.73(1.05,13.90) 9.36
Salgia R (2017) 2.50 (0.32, 20.00) 5.86
Pore M (2016) —— 343(146,8.03) 1195
Huang CH (2014) . H 1.03 (1.00, 1.05) 15.17
Naito T (2012) — 3.50 (1.45,8.60) 11.72

Hou JM (2012)
Hiltermann TJN (2012) —
Aggarwal C (2017)

I —
Overall (I-squared = 87.1%, p = 0.000 <j>

NOTE: Weights are from random effects analysig

2.45 (1.39, 4.30)
2130 (0.80, 6.30)
(Excluded)

2,95 (1.56, 5.58)

13.57
10.87
0.00
100.00

B

%
Study HR (95% Cl) Weight
Tay RY (2019)
Messaritakis | (2018)
Messaritakis | (2018)
Fu L (2018)

—_—

6.03 (3.00, 12.08) 18.21
—_—— 4.90 (2.30, 10.60) 16.34
——— e 5.90 (150, 22.80) 7.06

| t——

2,37 (1.05,6.33) 1327
Salgia R (2017) 4 333(078.1429) 631
Fu L (2014) —i e 524 (2.13,10.57) 1543
Hou JM (2012) —..— 2.01(1.17,346) 23.38

Aggarwal C (2017) (Excluded)

3.75(2.52,5.57) 100.00

0.00
Overall (l-squared = 35.9%, p = 0.154

<

NOTE: Weights are from random effects analysis

lgawa S (2014) —'—'— 3.91(1.19, 12.87) 13.94

Shi WL (2013) ——
Overall (l-squared = 81.8%, p = 0.000 <>

NOTE: Weights are from random effects analysfs

2065 (1.82, 4.67) 19.98
237 (1.13,4.99) 100.00

6.5 1 1:5; 0'.5 : | 1:55
C D
% %
Stud i
y HR (95% CI) Weight s HR (95% CI) Weight
Wang PP (2020) {620 (3.06, 12.59) 18.15 H
Messaritakis | (2018) . 430(120.7.00) 1663 Messaritakis | (2018) —_— 4.50 (1.60, 12.90) 22.72
Shen J (2017) e 071055, 1.82) 19.04 Shen J (2017) —— 0.66 (0.47,1.00) 28.59
Salgia R (2017) —_— 0.78 (0.19, 3.13) 12.25 Salgia R (2017) — e 250(0.72,9.09) 2043

Shi WL (2013) -

Overall (I-squared = 90.6%, p = 0.0

NOTE: Weights are from random effects analysig

2.92(2.06,4.88) 28.26

2.04(0.73,5.68) 100.00

T T
0.5 152

0.5 -I'.sé

Figure 2. Forest plots of the association between pretreatment CTCs status and prognosis in patients with SCLC. (A, B) the impact of higher
pretreatment CTCs level detected by CellSearch (A) and other methods (B) and OS; (C, D) the impact of higher pretreatment CTC:s level
detected by CellSearch (C) and other methods (D) on PFS. CTCs, circulating tumor cells; SCLC, small cell lung cancer; OS, overall survival;

PFS, progression-free survival.

However, the results indicated no significant association be-
tween pretreatment CTCs level detected by other methods and
PFS of SCLC (HR, 2.04; 95%CI, .73-5.68; P=.172, Figure
2(D)).

Post-Therapy CTCs Level and OS

Five studies provided HRs and 95%CIs of post-therapy CTCs
level detected by CellSearch and OS of SCLC.!7-2%:3032:3% we
observed that there was mild heterogeneity among these
studies (= 39.0%, Figure 3(A)). The pooled data suggested
that higher post-therapy CTCs level detected by CellSearch
was correlated with worse OS in SCLC (HR, 2.99; 95%ClI,
1.51-5.93; P=.002, Figure 3(A)). Likewise, we performed
subgroup analyses to evaluate the prognostic significance of
CTCs status in different subgroups (Table S2). Consistent with
the pooled data analysis, we found that higher post-therapy
CTCs level detected by CellSearch was correlated with poor
OS in SCLC no matter >5 CTCs/7.5 mL (HR, 2.55; 95%CI,

1.17-5.55; P=.019) or 2 CTCs/7.5 mL (HR, 5.70; 95%CI,
1.70-19.06; P=.005) was used as cut-off value. Nevertheless,
inconsistent results were observed in other main subgroups
(Table 3).

Four studies reported the association between post-
therapy CTCs status detected by other methods and OS
in SCLC,'®**33-3% with significant heterogeneity being observed
among these studies (P= 61.8%, Figure 3(B)). The pooled data
revealed that positive post-therapy CTCs status detected by other
methods was significantly correlated with decreased OS in SCLC
(HR, 4.79; 95%CI, 2.03-11.32; P<.001, Figure 3(B)).

Post-Therapy CTCs Level and PFS

Among the included studies, four studies evaluated the re-
lationship between post-therapy CTCs levels detected by
CellSearch and PFS of SCLC.'®**%*-2 The heterogeneity test
result suggested significant heterogeneity among these studies
(P= 69.0%, Figure 3(C)). The pooled data analysis indicated
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Table 3. Subgroup analyses of the potential effects of pretreatment CTCs detected by CellSearch on OS and PFS in SCLC patients.

(ON PFS
Test of Test of Test of Test of
association heterogeneity  association heterogeneity
No. Pooled-HR Pooled-HR
Variables of studies (95% CI) P-value [ P-value No. of studies (95% ClI) P-value I P-value
Published year
>2017 5 5.36 (3.11-9.23) <.001 0%  .864 6 4.47 (2.97-6.72) <.001 0% 558
<2017 5 2.19 (1.13-4.23) .020 84.7% <.001 2 3.10 (1.12-7.89) .018 73.5% .052
Study design
PO 8 2.72 (1.33-5.58) .006 87.8% <.001 7 4.05 (2.60-6.31) <.001 40.9% .132
RO 2 3.78 (1.86-7.70) <.001 0%  .684 | 2.37 (.97-5.82)  .060 — —
Region
Europe 5 3.46 (2.30-5.19) <.001 19.0% .294 4 3.99 (2.15-7.41) <.001 60.9% .053
Asia 2 3.86 (1.85-8.03) <.001 0%  .707 2 3.62 (1.67-7.87) .00I 40.2% .196
North America 3 1.03 (1.01-1.06) .017 0% 401 2 3.33 (.78-14.25) .105 — —
Sample size
<63 5 2.15 (.96-4.79) .01l 82.6% .06l 2 490 (2.28-1052) <.001 — —
>63 5 3.77 (2.42-5.88) .01l 12.4% <.001 6 3.59 (2.26-5.69) <.001 41.8% .127
Treatment
C+R 2 5.83 (3.15-10.76) <.001 0% 719 3 4.45 (2.60-7.63) <.001 27.9% .250
C/C+R 5 3.29 (2.00-5.40) <.001 0% .85l 2 5.90 (1.51-23.00) .0l1 — —
T — — — — — | 490 (2.28-10.52) <.001 — —
C 3 1.59 ((74-3.40) 231 79.5% .008 2 2.14 (1.29-3.55) .003 0% 524
CTGCs cut-off value
>5CTCs/7.5mL 5 3.62 (2.42-5.40) <.001 9.1% .355 5 3.42 (2.06-5.67) <.001 49.3% .096
5CTCs/75 mL 3 1.90 (43-8.11) .323 79.4% .032 3 5.12 (2.63-9.97) <.001 0%  8l6
2CTGCs/7.5mL 2 292 (1.51-5.63) .00l 0%  .558 — — — — —
NOS score
>7 8 3.47 (2.53-4.75) <.001 0%  .628 6 3.59 (2.26-5.69) <.001 41.8% .127
<7 2 1.03 (1.01-1.06) .018 — — 2 490 (2.28-10.52) <.001 — —
Total 10 2.95 (1.56-5.58) .001 87.1% .001 8 3.75 (2.52-5.57) <.001 35.9% .154

Abbreviations: SCLC, small cell lung cancer; CTC, circulating tumor cell; OS,
interval; PO, prospective study; RO, retrospective study; C, chemotherapy;

that post-therapy CTCs level detected by CellSearch was not
significantly correlated with PFS of SCLC (HR, 1.80; 95%ClI,
.83-3.90; P=.135, Figure 3(C)). Because only two studies
reported the HRs and 95%ClIs between post-therapy CTCs
status detected by other methods and PFS of SCLC,'®**
pooled data analysis was not performed.

CTCs After PD and OS

We found only two studies evaluated the association between
CTCs level at the time of disease progression (PD) and OS of
SCLC. Therefore, we did not perform pooled data analysis to
further investigate their relationship.

Sensitivity Analysis and Publication Bias

Sensitivity analysis was adopted to assess the impact of a single
study on the overall results after studies were removed one by one.

overall survival; PFS, progression-free survival; HR, Hazard ratio; Cl, confidence
R, radiotherapy; T, targeted therapy; NOS, Newcastle-Ottawa Scale.

It demonstrated that the pooled data were still stable after
eliminating studies one by one (Figure 4(A) and (B), Figure S1A,
and Figure S2A). Furthermore, Begg’s and Egger’s tests were
adopted to detect whether there was significant publication bias.
Accordingly, we observed a significant publication bias between
pretreatment CTCs level detected by CellSearch and OS of SCLC
(P =175 for Begg’s test, P = .001 for Egger’s test, respectively)
(Figure 4(C)). However, we did not find any publication bias in
other analyses (Figure 4(D), Figure S1B, and Figure S2B).

Discussion

Although SCLC consists of 15% of all lung cancer cases, most
patients were diagnosed with ES disease and had a bleak
prognosis." Even though SCLC patients are initially excep-
tionally responsive to cytotoxic therapies, they are predisposed
to early recurrence and widespread metastasis due to the highly
aggressive characteristic of SCLC, thus resulting in an overall
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Figure 3. Forest plots of the association between post-therapy CTCs status and prognosis in patients with SCLC. (A, B) the impact of higher
post-therapy CTCs level detected by CellSearch (A) and other methods (B) on OS; (C) the impact of higher post-therapy CTCs level
detected by CellSearch on PFS. CTCs, circulating tumor cells; SCLC, small cell lung cancer; OS, overall survival; PFS, progression-free survival.

S-year survival rate of less than 8%. Therefore, it is urgent to
explore early and effective biomarkers that can monitor disease
progression and early recurrence and predict clinical outcomes
in these patients. Over recent years, numerous studies have
elucidated that CTCs have pivotal roles in cancer early de-
tection, recurrence monitoring, and prognosis stratification.”
According to a meta-analysis performed by Zhang and his
colleagues in 2014, they indicated that the presence of CTCs is
significantly correlated with shorter OS and PFS in SCLC.*’
However, they did not consider the dynamic change and de-
tection methods of CTCs in the analysis. Besides, they also
included studies that investigated the association of CTCs level
and prognosis of SCLC through univariate analysis, which may
make pooled data unreliable. Recently, a similar study con-
ducted by Foy et al. showed that higher pretreatment CTC
counts are a negative independent prognostic factor in SCLC
when considered as a continuous variable or dichotomised
counts of >15 or >50.%° Nevertheless, this study only included
studies from four European cancer centers and they only in-
vestigated the relationship between pretreatment CTCs level
and patients’ clinical outcomes. Therefore, we conducted the

current meta-analysis to comprehensively investigate the
prognostic significance of CTCs in SCLC and provide evidence
support to clinical practice.

In the present study, a total of 16 studies with 1103 SCLC
patients were included in the final pooled data analysis after
rigorous literature screening. First, we investigated the as-
sociation between pretreatment CTCs level and OS in SCLC.
We observed that elevated/positive CTCs status prior treat-
ment was significantly correlated with shorter OS in SCLC, no
matter the CTCs were detected by CellSearch (HR, 2.95; 95%
CI, 1.56-5.58; P=.001) or other methods (HR, 2.37; 95%CI,
1.13-4.99; P=.023). Second, we explored the correlation
between pretreatment CTCs level and PFS in SCLC, which
indicated that elevated pretreatment CTCs level detected by
CellSearch was significantly correlated with worse PFS in
SCLC (HR, 3.75; 95%CI, 2.52-5.57; P<.001). However, we
observed no significant association between pretreatment
CTCs status detected by other methods and PFS in SCLC (HR,
2.04; 95%ClI, .73-5.68; P=.172). Third, we assessed whether
post-therapy CTCs level was associated with OS in SCLC.
The results demonstrated that elevated/positive CTCs status
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Figure 4. Sensitivity analyses and funnel plots of the impact of higher pretreatment CTCs status detected by CellSearch on prognosis in
patients with SCLC. (A, B) sensitivity analyses of the impact of higher pretreatment CTCs level detected by CellSearch on OS (A) and PFS
(B); (C, D) funnel plots of the impact of higher pretreatment CTCs status detected by CellSearch on OS (C) and PFS (D). CTCs, circulating
tumor cells; SCLC, small cell lung cancer; OS, overall survival; PFS, progression-free survival.

after treatment was significantly correlated with decreased OS
in SCLC, no matter the CTCs were detected by CellSearch
(HR, 2.99; 95%CI, 1.51-5.93; P=.002) or other methods (HR,
4.79; 95%CI, 2.03-11.32; P<.001). Subsequently, we per-
formed pooled data analysis to evaluate the association be-
tween post-therapy CTCs level and PFS in SCLC, which
indicated no significant association between post-therapy
CTCs level detected by CellSearch and PFS in SCLC (HR,
1.80; 95%CI, .83-3.90; P=.135). To our regret, due to only two
studies assessed the relationship between CTCs level at the
time of disease progression and OS in SCLC, we did not
conduct pooled data analysis. Ultimately, sensitivity analysis
demonstrated that the pooled data were still stable after
eliminating studies one by one. However, we observed a
significant publication bias between pretreatment CTCs level
detected by CellSearch and OS of SCLC. This may be because
some studies that reported no correlation between CTCs and
OS may not have been published.

CTCs were initially mentioned by Prof. Ashworth in
1869.%” As the most predominant liquid biopsy marker among
the analytes in the peripheral blood of cancer patients, CTCs
play crucial roles in tracking evolutionary dynamics and
heterogeneity of tumors, detecting the emergence of treatment
resistance, and predicting disease recurrence.'”’ Unlike con-
ventional tissue biopsy, CTCs detection is a non-invasive test
that can provide a “moving picture” of longitudinal tumor

progression and obtain a comprehensive understanding of the
heterogeneous tumor cells throughout the body.®*® As
mentioned before, although numerous studies have indicated
that higher CTCs levels were correlated with worse prognosis
and early disease recurrence among the vast majority of solid
tumors, the prognostic value of CTCs in SCLC remains
controversial. It could be attributed to the fact that different
detection methods, different sampling times, and unstan-
dardized cut-off values were used in previous studies. Reg-
ulation of tumor biomarker tests is a sophisticated process, and
even tests approved by the Food and Drug Administration
(FDA) may not have established clinical utility. As so far, the
CellSearch platform, a CTCs detection method based on
immunological assay with the epithelial cell adhesion mole-
cule (EpCAM), is the only one to date that is approved by
FDA for CTC detection in metastatic breast cancer, prostate
cancer, and colorectal cancer.”® In our study, it was the most
common method for CTC enumeration in SCLC. We observed
that except for pooled data analysis of the association between
post-therapy CTCs detected by CellSearch and PFS, higher
CTCs count (baseline and after treatment) was significantly
correlated with shorter OS/PFS in SCLC. It suggested that
dynamic monitoring of CTCs level via CellSearch could
predict clinical outcome in SCLC effectively. As we all know,
there was no standardized cut-off value for survival analysis
when CTCs were detected by the CellSearch platform.
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According to the currently included studies, 5 CTCs/7.5 mL
and >5 CTCs/7.5 mL were the main cut-off values for survival
analysis in SCLC. In this study, we also performed subgroup
analyses based on different CTCs cut-off values to investigate
its effect on pooled data analysis. Interestingly, we observed
that higher pretreatment CTCs level detected by CellSearch
was not correlated with shorter OS in SCLC while 5 CTCs/
7.5 mL was used as the cut-off point. On the contrary, higher
pretreatment CTCs level detected by CellSearch was signif-
icantly correlated with shorter OS in SCLC while 2 CTCs/
7.5 mL and >5 CTCs/7.5 mL were used as cut-off points.
Considering the small sample size and significant heteroge-
neity between these studies, further large-scale and pro-
spective studies are urgently needed to explore the optimal
cut-off values for survival analysis when CellSearch was
adopted to detect CTCs in patients with SCLC.

Although it has passed more than a decade since FDA
approved the clinical application of the CellSearch platform
for CTC detection, it has not been widely utilized in clinical
practice, especially in recent tumor-resistant studies.®® This
can be explained by the fact that the platform cannot detect
mesenchymal CTCs with downregulated EpCAM and/or
cytokeratin (CK) expression. Recently, a growing number
of studies have emerged to address the above issue by de-
tecting CTCs with different phenotypes, such as proliferating
phenotype (CK+/Ki67+), apoptotic phenotype (CK+/M30+),
and Epithelial-to-Mesenchymal Transition (EMT; CK+/Vim+
or CK+/TWIST+) phenotype.>® Furthermore, other methods
were also exploited to detect CTCs in SCLC in recent years.
For example, in a previously published study, Shen et al.
reported that higher pretreatment CTCs level detected by LT-
PCR was significantly correlated with shorter PFS in patients
with SCLC who received chemotherapy.'” Besides, Igawa
et al also investigated the prognostic value of CTCs detected
by the OBP.401 assay in SCLC. They observed that patients
with >2 CTCs/7.5 mL at baseline had unfavorable OS than
those with lower CTCs count.”’ In the present study, we
evaluated the association between different time points of
CTCs detected by other methods and prognosis in SCLC. We
found that higher/positive pretreatment CTCs status was
significantly correlated with worse OS in SCLC. Subse-
quently, subgroup analyses also demonstrated that pretreat-
ment CTCs could be a prognostic biomarker in SCLC when IF
was adopted to detect CTCs. At the same time, there was no
statistical significance when PCR and other methods were
used. Besides, we also observed that higher/positive CTCs
status after treatment was also associated with decreased OS in
SCLC when other methods were adopted to detect CTCs.
However, there was no significant correlation between pre-
treatment CTCs and PFS in SCLC when other methods were
adopted to detect CTCs.

This meta-analysis systematically evaluated the prognostic
value of different time points of CTCs and the prognosis in
patients with SCLC. Furthermore, we also evaluated the
impact of CTCs detected by different methods on the

prognosis of SCLC. Despite the advantages of this study, there
are some inevitable limitations in our study. First, publication
bias was detected in our study when we assessed the rela-
tionship between pretreatment CTCs level detected by Cell-
Search and OS in SCLC. Second, among the included studies,
most studies are single-center studies and have a small sample
size. Therefore, large-scale, prospective, and multicenter
studies are warranted in the future to verify our results. Third,
we only included studies published in English, the potential
risk of selection bias may exist in the present study. Forth, to
our regret, only two studies assessed the relationship between
CTCs level at the time of disease progression and OS in
SCLC, so we did not perform pooled data analysis. Therefore,
more studies are needed to address this issue. Last but not
least, although the pooled data analysis demonstrated that
different time points of CTCs have significant prognostic role
in SCLC, higher heterogeneity was observed in different
groups, and it may lead to the results unreliable. Hence, it
further supports that we need well-designed studies to assess
the truly impact of CTCs on the prognosis of these individuals.

Conclusions

To sum up, in this meta-analysis, we systematically investi-
gated the impact of CTCs status on the prognosis of SCLC.
Besides, we also took the effect of sampling time and detection
methods into consideration when evaluated the prognostic
value of CTCs status in SCLC. Our findings suggest that
dynamic monitoring of CTCs level could be a non-invasive
and effective tool to predict the disease progression and
prognosis in these individuals. Furthermore, prospective,
large-scale, well-designed, and multicenter studies are ur-
gently needed in the future to verify our results.

Appendix
Abbreviations

CTCs circulating tumor cells

CCRT concurrent chemoradiotherapy

CK cytokeratin

Cls confidence intervals

EpCAM  epithelial cell adhesion molecule
EMT Epithelial-to-mesenchymal transition
ES extensive-stage

FISH fluorescence in situ hybridization
FDA Food and Drug Administration

HRs hazard ratios

ICIs immune checkpoint inhibitors

IF immunofluorescence

LT-PCR  ligand-targeted polymerase chain reaction
LS limited-stage

NOS Newcastle-Ottawa Scale

(0N overall survival

PFS progression-free survival
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PD disease progression
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