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Abstract

Background: The detection of circulating tumor cells (CTCs) has been employed in prognosticating the likelihood of reourr®
and metastasis in colorectal cancer (CRC). Nonetheless, the findings remain enigmatic. This meta-analysis aims to systematically
assess the predictive utility of CTCs detection in postoperative recurrence and metastasis among CRC patients.

Methods: A comprehensive search of PubMed, Web of Science, China National Knowledge Infrastructure (CNKI), and
Cochrane Library was conducted from inception to March 2023. Pooled estimates including sensitivity, specificity, positive and
negative likelihood ratios, diagnostic odds ratio, and summary receiver operating characteristic curve were computed to gauge
the predictive value. The QUADAS-2 tool was employed to appraise bias risks in individual studies. The assessment of publication
bias in the included literature was performed using Deek’s funnel plot.

Results: The study encompassed 16 articles and 2037 patients. After synthesizing the pertinent indices, CTCs monitoring
demonstrated sensitivity and specificity of 0.71 (95% confidence interval [Cl], 0.62-0.79) and 0.71 (95% ClI, 0.55-0.83),
respectively. The corresponding values for positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio were 2.4
(95% Cl, 1.5-4.0), 0.41 (95% ClI, 0.29-0.58), and 6 (95% ClI, 3—13). The summary receiver operating characteristic curve yielded
an area under the curve of 0.76 (95% ClI, 0.72-0.80). Deek’s funnel plot analysis revealed no significant evidence of publication
bias (P = .42).

Conclusion: This investigation underscores the potential of CTCs detection as a noninvasive modality to efficaciously
prognosticate postoperative recurrence and metastasis in CRC.

Abbreviations: AUC = area under the sROC curve, CRC = colorectal cancer, CTCs = circulating tumor cell, DOR = diagnostic
odds ratio, FCM = flow cytometry, imFISH = immunofluorescence in situ hybridization, NLR = negative likelihood ratios, PLR =
positive likelihood ratios, PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses, QUADAS-2 = Quality
Assessment of Diagnostic Accuracy Studies 2, RT-PCR = reverse transcription polymerase chain reaction, SEN = sensitivity,
sROC = summary receiver operating characteristic.
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culminates in postoperative tumor recurrence. Alarmingly,
post-radical resection, a substantial 30% to 50% of primary
colon cancer patients succumb to tumor recurrence and metas-
tasis, triggering in significant reduction as to the 5-year survival
rate of patients.'" Therefore, monitoring the recurrence and
metastasis of CRC after surgery and selecting appropriate treat-
ment plans can help improve the quality of life of patients and
prolong their survival.

The onset of CRC remains insidious, lacking efficient

1. Introduction

Colorectal cancer (CRC), ranking as the third most prevalent
malignancy worldwide, harbors the second highest fatality rate
among malignant tumors, constituting a pivotal contributor
to human mortality. Notably, metastasis to the liver, account-
ing for approximately 70% of fatalities, emerges as the prin-
cipal cause of CRC-related mortality. While surgical resection
can address the primary tumors in most cases, the propensity

of tumor cell dissemination prior to or during surgery often
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employment of commonly utilized tumor markers underscores
limited specificity and sensitivity. Traditional techniques such
as colonoscopy and pathological biopsy, pivotal for CRC
determination and diagnosis, amplify the risk of tumor dis-
semination. Currently, the innovative detection of circulating
tumor cells (CTCs) emerged, encompassing liquid biopsy tech-
niques characterized by attributes like non-invasiveness, sensi-
tivity, convenience, and repeatability, with potential capacity
in prognosticating colorectal cancer recurrence.’ CTCs, rare
malignant entities coursing through peripheral blood, pri-
marily originate from primary tumors or metastatic foci.[%”!
Dislodging from solid primary tumors, CTCs infiltrate the
bloodstream, surmounting obstacles like shear stress, hypoxia,
immune surveillance, apoptosis, and more. Consequently, only
a scant fraction of these cells endure. Surviving CTCs can
coalesce and adhere, forming minute tumor thrombi that jour-
ney through the circulatory system. Once in hospitable micro-
environments, these CTCs may proliferate and give rise to
metastases, eluding immune scrutiny.!®’! Some CTCs, evading
immune clearance, metastasize to distant sites via the circula-
tory route, intricately linked to tumor recurrence and metas-
tasis. The quantum of circulating tumor cells independently
influences prognosis, escalating in tandem with lymph node
and distant metastasis progression. CTCs levels intricately
correlate with progression-free survival and overall survival,
standing as pivotal indicators for appraising the risk of recur-
rence and metastasis.!”!

Progressing through decades of research, CTCs detection
technologies have attained maturity. Given the minute presence
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of CTCs in peripheral blood, the detection procedure entails
discrete phases: separation, enrichment, and identification
analysis. Enrichment methods harness biological and physical
tumor cell traits to segregate CTCs from blood cells, enhancing
sensitivity. Non-marker-reliant enrichment strategies encom-
pass technologies like Isolation by Size of Epithelial Tumor
cells, density gradient centrifugation, and dielectric electropho-
resis. Identification and analysis of CTCs involve discerning
and studying their morphological attributes, surface antigens,
genetic materials, and more."'! Today, prevalent methods
encompass immunofluorescence, immunofluorescence in situ
hybridization (imFISH), reverse transcription polymerase chain
reaction (RT-PCR), flow cytometry (FCM), and the CellSearch
system, among others.

As comprehension of CTCs deepens, a plethora of stud-
ies unequivocally associate CTCs presence with postoperative
recurrence and metastasis in CRC patients.!'>"*! However, con-
sensus on the value of CTCs in this field remains elusive. Thus,
this meta-analysis and systematic review endeavor to assess the
prognostic value of CTC detection concerning postoperative
recurrence and metastasis in CRC, seeking to reconcile disparate
viewpoints within this critical domain.

2. Methods
2.1. Study registration

This systematic review and meta-analysis protocol adheres
to the Preferred Reporting Items for Systematic Reviews and
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Figure 1. Flow diagram of study selection.
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Figure 3. Forest plots of the sensitivity and specificity with corresponding heterogeneity statistics.

Meta-Analyses Protocols (PRISMA-P) guidelines. The protocol
has been registered on the international prospective register of sys-
tematic reviews under registration number CRD42023409866.

2.2. Ethical review

As this meta-analysis constitutes a secondary analysis based on
previously published data, no ethical approval or informed con-
sent is necessary.

2.3. Literature search

Conforming to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines, a

comprehensiveliteraturesearch will be conducted across PubMed,
Web of Science, China National Knowledge Infrastructure, and
the Cochrane Library. The search will encompass the period
from inception to March 2023. Supplementary to this, reference
lists of relevant systematic reviews and meta-analyses will be
scrutinized for additional eligible studies.

2.4. Search strategy

The search strategy will be devised collaboratively based on the
guidelines provided in the Cochrane handbook. Employing a
strategic selection of search terms, including “colorectal can-
cer,” “CRC,” “colorectal neoplasm,” “colorectal tumor,” “met-
astatic,” “postoperative recurrence,” “postoperative metastatic,”
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Figure 4. Summary receiver operating characteristic (SROC) curve of the predictive accuracy of CTCs detection. CTCs = circulating tumor cell.

and “circulating tumor cells” or “CTCs,” the retrieval strategy
will be tailored to ensure comprehensive coverage. No temporal
or linguistic restrictions will be imposed (Table S1, Supplemental
Digital Content, http://links.lww.com/MD/L264).

2.5. Eligibility criteria

The studies enrolled in this meta-analysis consisted of both
prospective and retrospective studies. We applied the following
inclusion criteria: Patients diagnosed with CRC through patho-
logical examination and aged 18 years or older; Studies must
encompass post-radical surgery CTC testing with well-described
detection methods; Research with sample size more than 20;
Studies with complete follow-up data; and Studies reporting or
providing sufficient information to calculate true positive, false
positive, true negative, and false negative values. There were no
restrictions based on language, publication year, publication
status, or severity of kidney injury. The exclusion criteria were
as follows: Patients who have not undergone curative surgery;
Studies with fewer than 20 patients; Studies with insufficient
data integrity; and Studies with duplicated data, letters, editori-
als, case reports, or case series.

2.6. Data extraction

Two independent reviewers will meticulously assess titles,
abstracts, and full texts to identify potential eligible studies.
Discordances will be resolved through consensus or third-party
arbitration. For each study, the following information was

recorded: author’s name, publication year, country, study period,
number of patients, age, sex, tumor stage, detection method,
sampling time, mark, treatment methods, follow-up time, and
results (including true positive, false positive, true negative, and
false negative values).

2.7. Quality assessment

Quality appraisal will be conducted independently by 2
researchers according to standardized criteria, with disagree-
ments resolved through consensus or third-party mediation.
The Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) scale will be employed for this purpose.

2.8. Statistical analyses

Utilizing a bivariate regression model, a summary receiver oper-
ating characteristic (SROC) curve will be constructed. Pooled
estimates of sensitivity (SEN), specificity, positive likelihood
ratios (PLR), negative likelihood ratios (NLR), and diagnos-
tic odds ratio (DOR) will be computed. The area under the
sROC curve (AUC) will gauge overall diagnostic accuracy.
Heterogeneity assessment will be conducted using Stata (ver-
sion 14.2) software, employing both the Cochran Q test and
I? statistic. Based on the degree of heterogeneity, a fixed-effects
or random-effects model will be applied. Sensitivity analyses
will ensure result robustness, while potential publication bias
will be evaluated through Deeks’ funnel plot asymmetry tests.
Statistical significance will be defined as P < .05.
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Figure 5. Forest plot of multiple univariable meta-regression and subgroup analyses for SEN and SPE. SEN = sensitivity, SPE = specificity.

3. Result

3.1. Literature search

The exhaustive initial search yielded a total of 2557 potentially
relevant studies. Subsequent review of titles and abstracts led to
the exclusion of 2504 articles. Upon retrieval of 53 full man-
uscripts for meticulous scrutiny, 37 studies were subsequently
excluded for reasons such as insufficient data (n = 20), absence
of postoperative recurrence and metastasis data (n = 13), and
studies with fewer than 10 patients (n = 4). This rigorous fil-
tration process culminated in the inclusion of a final set of 16
studies!'*3!l that met the established inclusion and exclusion cri-
teria (Fig. 1).

3.2. Characteristics of the included studies

The included studies exhibited sample sizes ranging from 66
to 438 participants, collectively encompassing a total of 2037
individuals. Geographically, these studies predominantly
emanated from Europe and Asia, with 11 conducted in Asia

(1163 participants, 57.1%) and the remaining 5 in Europe
(1245 participants, 42.9%). Among the publications, 3 were
in Chinese (19%), with the remaining 13 being in English.
Of these studies, 11 were prospective trials, while the remain-
der adopted retrospective designs. Analysis of the included
studies revealed that 8 of them sampled within 7 days post-
surgery, with the remainder collecting samples beyond this
timeframe. CTC detection methodologies exhibited diversity,
with 5 studies employing RT-PCR (584 participants, 28.7%),
4 utilizing Membrane-Arrays (863 participants, 42.4%), 2
applying CellSearch (141 participants, 6.9%), 1 adopting
FCM (71 participants, 3.5%), 2 incorporating imFISH (193
participants, 9.5%), and 2 integrating second-generation flu-
orescence development technology (184 participants, 9.0%)
(Table 1).

3.3. Quality assessment

Utilizing the QUADAS-2 tool, quality assessment was concisely
presented via a bar graph. The collective quality of the included
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Pooled results of the meta-analysis of the prognostic value of CTCs detection in colorectal cancer.

Analysis (n) Senstivity F (%) Specificity F (%) PLR F (%) NLR F(%) DOR P (%) Heterogeneity
Study type
Retrospective (5) 0.66 [0.53,0.77] 60.6 0.82[0.67,0.9] 848 3.7[1.9,71] 816 042[0.29,059 654 9[4,21] 754 Q=10.387 P=.003
Prospective (11) 0.74[0.62,0.84] 823 0.64[0.43,0.81] 972 21[1.2,37] 948 040([0.23,0.69] 879 5[2,15] 909 Q=116.533 P=.000
Area
Asia (11) 0.69[0.59,0.78] 77.8 0.76[0.60,0.87] 94.7 28[1.7,48 937 0.41[0.30,0.55] 80.8 7[3,14] 839 Q=96.194 P=.000
Europe (5) 0.781[0.55,0.91] 80.5 0.59[0.27,0.84] 969 1.9[0.7,47] 928 0.38[0.11,1.27] 89.2 51,400 909 Q=7.642 P=.011
Detection method
RT-PCR (5) 0.56[0.39,0.71] 775 0.52[0.28,0.75] 972 1.2[08,1.8] 774 0.85[0.58,1.26] 752 1[1,3] 786 (Q=64.706 P=.000
Membrane- 0.73[0.66,0.79] 39.1 0.90[0.83,0.95 820 7.5[4.2,135] 787 0.30[0.23,0.39] 433 25[11,4] 760 Q=1959 P=.188
Arrays (4)
Others (7) 0.79[0.65,0.89] 70.8 0.65[0.44,0.82] 932 23[1.3,41 889 0.32[017,061] 669 7[2,22] 750 Q=25289 P=.000
Sampling time
<7 days after 0.7410.66,0.81] 57.0 0.56[0.33,0.77] 97.7 1.7[1.0,3.0] 954 0.46[0.28,0.77] 86.3 4[1,11] 919 (0=80.495 P=.000
surgery (8)
>7 days after ~ 0.68 [0.50,0.81] 84.6 0.82[0.69,0.90] 89.2 3.8([1.9,7.3] 859 0.39[0.24,0.66] 826 10[3,28 832 Q=27.998 P=.000
surgery (8)

CTCs = circulating tumor cell, DOR = diagnostic odds ratio, NLR = negative likelihood ratios, PLR = positive likelihood ratios, RT-PCR = reverse transcription polymerase chain reaction.

studies was notably high, reflecting meticulous adherence to
methodological rigor (Fig. 2 and Table S2, Supplemental Digital
Content, http://links.lww.com/MD/L265).

3.4. Meta analysis results

Pooling the outcomes, the sensitivity, specificity, PLR, NLR, and
DOR of peripheral blood CTCs in detecting CRC recurrence or
metastasis were computed. The sensitivity and specificity were
estimated at 0.71 (95% CI, 0.62-0.79) and 0.71 (95% CI, 0.55-
0.83) respectively. PLR, NLR, and DOR were calculated as 2.4
(95% CI, 1.5-4.0), 0.41 (95% CI, 0.29-0.58), and 6 (95% CI,
3-13) (Fig. 3). The sROC curve, depicted in Figure 4, showcased
an AUC of 0.76 (95% ClI, 0.72-0.80).

3.5. Heterogeneity and subgroup analysis

Threshold effect analysis indicated minimal impact (2.5%,
P =.927), while non-threshold effect-related heterogeneity
analysis revealed significant heterogeneity (Q = 93.34, P = .00,
I? = 88.8%) among the studies (Fig. 5). Subgroup analyses were
conducted based on CTC detection methods, region, study
design, and sampling timing, yielding insights into factors
potentially influencing the observed heterogeneity (Table 2).

3.6. Predictive assessment and likelihood ratios

Utilizing the informative Fagan plot, this meta-analysis succinctly
illustrates the clinical implications. Given a pretest probability of
colorectal cancer set at 20%, the Fagan plot clarifies that a negative
CTGCs detection outcome is associated with a post-test probability
of colorectal cancer at 9%. In contrast, a positive CTCs detec-
tion outcome elevates the post-test probability to 38%, thereby
highlighting the diagnostic impact of CTC assessment within the
context of colorectal cancer (Fig.6). Moreover, the likelihood
ratio scattergram captures a consolidated depiction of likelihood
ratios plotted as a function of mean SEN (Fig. 7). This discerning
visualization accentuates the relationship between the diagnostic
accuracy metrics, thereby furnishing a comprehensive insight into
the test’s diagnostic potential within this meta-analysis.

3.7. Publication bias and sensitivity analysis

Publication bias assessment via Deek’s funnel plot asymme-
try test revealed insignificance (P =.42), implying a lack of

substantial publication bias (Fig. 8). Additionally, sensitivity
analysis, post-removal of the outlier study,?® affirmed the
stability of results, underlining the robustness of the pooled
outcomes.

4. Discussion

Significant strides have been achieved in the investigation of cir-
culating tumor cells; however, the link between their presence
and the subsequent recurrence and metastasis in colorectal can-
cer patients remains a subject of dispute. Our findings under-
score the utility of CTCs detection in discerning the presence of
CRC, identifying recurrent and metastatic CRC patients with
the sensitivity and specificity of more than 70%. The calculated
results of PLR, NLR, DOR and AUC collectively underscore
CTC detection’s favorable predictive accuracy. This holds signif-
icance as disseminated tumor cells represent a pivotal precursor
to distant metastases.

In a comprehensive meta-analysis conducted by Yang et
al,’? the identification of CTCs in Peripheral Blood (PB) using
Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
emerged as a prognostic factor for non-metastatic CRC patients.
Positive CTC status correlated with unfavorable prognoses
and adverse clinicopathological indicators. Notably, Cohen’s
investigation revealed that 26% of subjects exhibited adverse
CTC counts (3 CTCs per 7.5mL of blood).*¥! Elevated base-
line CTC levels were observed in patients with hepatic metas-
tases and impaired performance status.** Further insights from
Bork’s work unveiled distinct CTC detection rates between non-
metastatic (3 CTCs, 4.9%) and metastatic (9 CTCs, 10.5%)
cohorts, suggesting diagnostic potential.>!

Among the various Polymerase Chain Reaction (PCR)-
based markers for CTC detection, identifying specific mRNAs
remains prominent due to its focus on viable CTCs. This
approach employs RT-PCR to detect tumor-related genes or
epithelial antigens like CK19, CK7, and HER-2, indicative
of active CTC presence.**! Remarkably, Pantel’s study show-
cased the robustness of RT-QCPR in detecting CK19 mRNA
in breast cancer patients’ blood, albeit its efficacy may be
limited by post-EMT gene expression changes.B”! The small
number of detectable tumor cells through CTC detection veri-
fies micro-metastasis in peripheral blood, an arduous task for
pathology or radiology.

This meta-analysis’s core focus pertains to the prognos-
tic implications of CTC detection concerning postoperative
CRC recurrence and metastasis. However, the challenge
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Figure 6. Fagan plot presents the clinical utility of circulating tumor cells.

of isolating cells from low-concentration CTC blood sam-
ples underscores the methodological imperative in CTC
detection selection. Heterogeneity looms as a potential
concern, as divergent methods might exacerbate its pres-
ence. Accordingly, subgroup analysis has proven essential.
The analysis demonstrated that prospective studies yielded
a SEN of 0.74, surpassing the retrospective group’s 0.66.
Geographical stratification unveiled SEN scores of 0.69
(Asia) and 0.78 (Europe), and CTC detection methods
including RT-PCR, Membrane-Arrays, and others demon-
strated distinct SEN values of 0.56, 0.73, and 0.79, respec-
tively. Membrane-Arrays exhibited promise, combining

time-efficiency, cost-effectiveness, and high-throughput
capacity,®® albeit with concerns raised by Wu’s analysis.?”!
The value-added of our study lies in the integration of the
China National Knowledge Infrastructure database, aug-
menting our research with additional subgroup analyses
stratified by study design and research region. This meth-
odological refinement enhances the depth and breadth of
our investigation, ultimately yielding a more comprehen-
sive body of evidence. Furthermore, Gervasoni’s work high-
lighted RT-PCR’s superiority in detecting tumor-associated
markers,*" lending credence to its value in CRC prognosis.
Subgroup analysis based on post-surgery duration indicated
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Figure 8. Deek’s Funnel Plot for assessment of publication bias.

that CTC detection 7 days post-surgery exhibited a stronger
correlation with CRC recurrence and metastasis.

Nonetheless, limitations temper the findings. Heterogeneity
stemming from dissimilar study attributes, such as sampling
times, demands consideration. Surgery-induced CTC entrance
may inflate SEN, while chemotherapy could eliminate CTCs.
Unpublished data’s absence could impact results, and incom-
plete treatment documentation obscures further analysis.
Substantiation and quantification of CTC detection’s prognostic
value warrant continued research.

5. Conclusions

In summary, this study underscores CTC detection’s potential
as a noninvasive prognostic tool for metastatic CRC recur-
rence and metastasis. The promising membrane array method
emerges as an asset in predicting postoperative CRC out-
comes, particularly when applied 7 days post-surgery. This
investigation’s significance is underscored by its potential to
guide clinical practice in managing CRC patients’ postoper-
ative trajectory.
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