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Clinical value of circulating tumor cells for the
diagnosis and prognosis of hepatocellular
carcinoma (HCC)

A systematic review and meta-analysis
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Abstract \\

Background: To evaluate the clinical value of circulating tumor cell (CTC) detection in peripheral blood for the diagnosis and |
prognosis of hepatocellular carcinoma (HCC).

Methods: Public databases were searched, and a meta-analysis was performed to determine the specificity, sensitivity, negative-
likelihood ratio (NLR) and positive-likelihood ratio (PLR), and diagnostic odds ratio (dOR) of CTC detection for the diagnosis of HCC.
Hazard ratios (HRs) and 95% confidence intervals (Cls) were analyzed for the association of CTC detection with overall survival (OS)
and HCC recurrence. The Meta-DiSc 1.4 and Review Manager 5.2 software programs were used for statistical analysis.

Results: Meta-analysis of 20 studies including 1191 patients showed that the specificity, sensitivity, NLR, PLR, and dOR of CTC
testing for HCC diagnosis were 0.60 (95% Cl=0.57-0.63), 0.95 (95%CI=0.93-0.96), 0.36 (95%Cl=0.28-0.48), 11.64 (95%Cl=
5.85-23.14), and 38.94 (95%CIl = 18.33-82.75), respectively. Meta-analysis of 18 studies including 1466 patients indicated that the
OS of CTC-positive HCC patients was less than that of CTC-negative patients (HR=2.31; 95% Cl=1.55-3.42; P<.01). Meta-
analysis of 5 studies including 339 patients revealed that the presence of CTCs in peripheral blood significantly increased the risk of
HCC recurrence (HR=3.03, 95% Cl=1.89-4.86; P<.01).

Conclusion: CTCs in peripheral blood may be a useful marker for HCC diagnosis. In addition, the prognosis of CTC-positive HCC
patients was significantly worse than that of CTC-negative HCC patients. Therefore, further studies are warranted to confirm the
clinical potential of CTC detection in peripheral blood in patients with primary HCC.

Abbreviations: AFP = alpha fetoprotein, AUC = area under the curve, Cl = confidence interval, CTCs = circulating tumor cells,
dOR = diagnostic odds ratio, FN = false negative, FP = false positive, HCC = hepatocellular carcinoma, HR = hazard ratio, NLR =
negative- likelihood ratio, NOS = Newcastle-Ottawa Scale, OS = overall survival, PLR = positive-likelihood ratio, RFS = recurrence-
free survival, SROC = summary of the receiver operating characteristic, TN = true negative, TP = true positive.
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1. Introduction in patients with cirrhosis.*°! Survival is relatively short among
Hepatocellular carcinoma (HCC) is one of the most common  patients with end-stage liver cancer if untreated.””-8! With
malignant tumors worldwide, and thus, constitutes a major  advances in precision medicine in recent years, the international
global health burden." HCC is also the leading cause of death ~ consensus is that different treatment options are appropriate for
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different HCC patients, and use of the most appropriate
treatments increases patient survival. Unfortunately, due to a
lack of effective markers for the detection of distant metastases
and tumor recurrence, the optimal treatment time is missed for
many patients, and the 3- and S-year survival rates of HCC
patients still need to be improved. Therefore, the identification of
effective markers for tumor metastasis and recurrence is essential.

Circulating tumor cells (CTCs) are tumor cells that enter the
circulation via invading peripheral blood vessels; CTCs are also
known as dispersing tumor cells.!”! Progress in tumor biology has
revealed that various components derived from tumor cells that
appear in the circulation can be used as tumor-related markers.
CTCs that enter the blood, lymph, and bone marrow have a high
metastatic potential and can form new metastases in various
organs, including the lungs, bone marrow, and brain. In recent
years, the rapid development of molecular detection technology
has made possible the separation and detection of CTCs in
peripheral blood samples, allowing for analyses that provide
tumor biological information to clinicians, including metastatic
potential and resistance. Given their therapeutic potential, CTCs
may be used as novel tumor markers to evaluate solid tumor
progression. Recently, many studies have reported that CTC-
positive patients show a poor prognosis, including decreased
recurrence-free survival (RFS) and overall survival (OS),
compared with their CTC-free counterparts. However, whether
the prognosis in CTC-positive HCC patients can be better
predicted compared with that in CTC-negative HCC patients
remains controversial,'~'%

The objective of the present meta-analysis was to evaluate the
diagnostic accuracy of CTCs as a single test for the early detection
of HCC and prediction of prognosis in HCC patients.

2. Material and methods

2.1. Database searches

We accessed several public databases, including the Cochrane
Library Springer, PubMed, Elsevier Science Direct, Medline, and
Google scholar, searching for all relevant articles published
before May 2018. The following key words were used:
“circulating tumor cells” or “hepatocellular carcinoma” and
“prognosis” or “liver cancer” or “HCC” and “diagnosis” or
“diagnostic” and “study” or “trial” or “research.” All searches
were conducted among English language studies.

2.2. Inclusion and exclusion criteria for studies

The included studies provided detailed data to evaluate the
relationship between positive detection of CTCs in peripheral
blood and HCC patient OS and RFS. The methods used for CTC
testing in the HCC patients were recorded, and the sample size
and age range were not limited. We excluded research involving
CTCs that was described only as a test within a review or a report
as well as duplicated studies.

2.3. Evaluation of data quality and extraction of data

Identified studies were assessed by 3 investigators for quality
using the Newcastle-Ottawa Scale (NOS) criteria,!*! including
the definition and selection of the experimental and control
groups, the comparability of the 2 groups, and the exposure
factors. A NOS score of >7 points was considered high quality.
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We developed and extracted data after training our investigators.
The data items included the details of the study (e.g., author,
study year, participant area, and research design) and relevant
characteristics of the participants. Two investigators verified the
extracted data, and any discrepancies were resolved by discussion
among the group.

2.4. Meta-analysis method

We used the recommended summary of the receiver operating
characteristic (SROC) curve to represent the performance of the
diagnostic test in this study.''® The SROC curve included
multiple points, and the cut-off points were determined by
selecting the maximum point, which is the sum of the sensitivity
and the specificity.!”! The area under the curve (AUC) and
exponential Q* were evaluated as potential useful summaries of
the curve. Based on the exact analysis of CTC detection, the
upper limit was derived and the lower limit of the Q* was defined
by the sensitivity equal to the feature point, where Q* is not equal
to heterogeneity.'®! The asymmetry of the funnel was assessed
using a logarithmic scale of size and Egger linear regression!'®! in
order to assess publication bias.

The Jadad score was used to evaluate the quality of each study
for this meta-analysis. It was also noted whether a study mainly
demonstrated a random or fixed effects model. For each
publication, we used the RR and 95% CI In addition, the
Mantel-Haenszel method was used in the fixed effects model,*”!
and the DerSimonian and Laid method was used in the stochastic
effects model to obtain the combined estimates. In addition, we
used Cochran’s Q to further evaluate heterogeneity within each
publication and among the rest of the included studies.*”’
Moreover, we used I*=100% x (Q-df)/Q to further quantify the
substantial effects of heterogeneity.[*! Heterogeneity of the study
was indicated by Q variables (P < .10) or I? statistics (I* > 50%),
and a random effects model was used for the meta-analysis.

Statistical analysis was carried out using the Meta-DiSc (v1.4)
and Review Manager v5.2 software programs. All P values were
two-tailed, and a P value<.05 was considered statistically
significant.

3. Results

3.1. Characteristics of included studies

The database searches yielded 608 papers, and a flow chart of the
literature screening process is shown in Figure 1. After removing
irrelevant or repetitive papers, a total of 76 studies were found.
Upon reading of the abstracts, 23 studies were excluded (11 as
commentary articles, 5 that did not perform CTC testing, and 7
that did not report HCC diagnosis). The remaining 53 articles
were reviewed in full, and 21 were removed (12 that did not apply
CTC testing and 9 for which the full text was not available).
Overall, we included 32 studies!'*'*>>*81 published between
1997 and 2016.

3.2. Meta-analysis of clinical value of CTC detection for
the diagnosis of HCC

3.2.1. Analysis of diagnostic threshold. Exploring the thresh-
old effect and other sources of heterogeneity is the first step in the
meta-analysis of diagnostic tests. A total of 20 studies?>**!
reported data evaluating the use of CTC testing in the diagnosis
of HCC and were included in this meta-analysis. These studies
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Scholar, 206)

608 potentially relevant reports identified and screened (Pubmed, 189; Medline,
76; Springer, 82; Elsevier Science Direct, 39; Cochrane Library, 16; Google

A

76 potentially relevant reports after removal of duplicate or irrelevant studies

v

23 excluded upon review of abstract
(11 reviews; 5 did not detect CTCs; 7
did not report HCC cases)

53 retrieved for detailed assessment

Y

21 excluded upon review of full text

(12 reported CTC data but not for
comparation; 9 because full text with all
data could not be obtained)

32 separate studies included in meta-analysis

Figure 1. Flow diagram of study selection for the meta-analysis.

included a total of 1191 cases. No threshold effect was observed
based on the sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR), and other indicators for
the combined data. Using Meta-DiSc software, the Spearman
correlation coefficient for the study was determined to be —0.198
with a P value of .416, thus suggesting that there was no
threshold effect.

3.2.2. Overall effects of CTC testing for HCC diagnosis. The
overall meta-analysis of CTC testing for HCC diagnosis is
summarized in Table 1. For the combined data from the 20
studies, we calculated the following rates: false positive (FP); true
positive (TP); true negative (TN); and false negative (FN). The

overall estimates of the meta-analysis showed that CTC testing
may be useful for detecting HCC among patients. The specificity,
sensitivity, NLR, PLR, and diagnostic odds ratio (dOR) were
0.60 (95% CI=0.57-0.63), 0.95 (95%CI=0.93-0.96), 0.36
(95%CI=0.28-0.48), 11.64 (95%CI=5.85-23.14), and 38.94
(95%CI=18.33-82.75), respectively. The AUC and Q* index
values were 0.91 and 0.84, respectively.

3.3. Meta-analysis of the clinical value of CTC detection
for the prognosis of HCC

A total of 18 studies!1071422:23:28:33,36,37.41.43481 ropyirted data

for evaluating the use of CTC testing in predicting the prognosis

HCC diagnostic indices based on CTC detection.

Test of association

Test of heterogeneity

Parameter Estimate 95% CI Q P value P(%) Model
Sensitivity 0.60 0.57-0.63 213.95 <.01 91.6 —
Specificity 0.95 0.93-0.96 97.32 <.01 815 —
PLR 11.64 5.85-23.14 70.87 <.01 74.6 Random
NLR 0.36 0.28-0.48 200.09 <.01 91.0 Random
dOR 38.94 18.33-82.75 46.04 <.01 60.9 Random

Cl = confidence interval, dOR = diagnostic odds ratio, NLR = negative-likelihood ratio, PLR = positive-likelihood ratio.
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Characteristics of studies included in the meta-analysis of CTC detection for prediction of HCC prognosis.
CTC-positive

Study Year of publication n n % Follow-up (months) NOS
Barbu et al 1997 101 45 44.55 NA 5
Mou et al 2001 30 13 43.3 1-33 6
Jeng et al 2004 81 19 235 24-60 6
Cillo et al 2004 50 20 40.0 1-32 6
Kong et al 2009 343 204 59.5 12-60 7
Fan et al 2011 82 56 68.3 1.3-57.1 5
Xu et al 2011 85 69 81.2 NA 6
Rahbari et al 2011 63 36 57.1 2.9-634 7
Schulze et al 2013 59 18 30.5 2-36.1 6
Sun et al 2013 123 51 415 12.3-232 7
Liu et al 2013 60 30 50.0 3-24 6
Yao et al 2013 123 87 70.7 NA 6
Fang et al 2014 42 22 52.4 4-10 6
Lietal 2014 27 24 88.9 NA 7
Morris et al 2014 52 14 26.9 16 (mean) 5
Mu et al 2014 62 30 48.4 24.1-48.5 7
Kelly et al 2015 20 8 40.0 2-25 7
Choi et al 2015 63 49 77.8 5-31 5

of HCC and were included in this meta-analysis. These studies
included a total of 1466 cases, of which 795 were CTC-positive
and 671 were CTC-negative. The characteristics of these studies
are shown in Table 2. We extracted the hazard ratio (HR) and
standard error for RFS and/or OS from each study. The HR was
measured by comparing CTC-positive and -negative patients. If
the HR was >1, the prognosis of the CTC-positive group was
poorer than that of the CTC-negative group. Data for RFS were
reported in 5 studies, including 339 patients (180 CTC-positive
and 159 CTC-negative cases). The summary analysis showed that
the presence of CTCs in peripheral blood significantly increased
the risk of recurrence in HCC patients (HR=3.03, 95% CI=
1.89-4.86; P <.01; Fig. 2), and the heterogeneity in the studies
was moderate (P=.04, I?=60%).Moreover, the OS among
CTC-positive primary HCC patients in the 18 studies was less
than that among CTC-negative patients (HR=2.31, 95% Cl=
1.55-3.42; P<.01). We found that tumor size was associated
with CTC positivity (risk ratio [RR]=1.39, 95% CI=1.15-1.66;
P <.01 [fixed effects]), and the heterogeneity was moderate (I* =
41%, P=.12).The serum alpha fetoprotein (AFP) level also was

associated with CTC positivity (RR=2.32, 95% CI=1.32-4.09;
P<.01 [random effects]), and heterogeneity was high (I*=
86.0%, P<.01) (Fig. 3).

3.4. Publication bias

Revman 5.2 was used to construct a funnel plot for analyzing
whether publication bias existed in the included literature. The
analysis showed that the funnel plots for the CTC-positive and
CTC-negative groups were symmetric, and there was no apparent
publication bias in the included studies (Fig. 4A and B).

4. Discussion

CTCs are a type of cancer cell or cancer cell cluster that enter the
circulation by invading the vascular endothelium. Most individ-
ual tumor cells are either cleared by the immune system or die via
anoikis, but a small number of cells or cell clusters can evade the
immune system, migrate, adhere, and aggregate into tiny
cancerous ridges to form metastases at distant locations. The

Hazard Ratio Hazard Ratio
_Study or Subgroup _log[Hazard Ratio] SE Weight IV, Random. 95% Cl IV. Random.95%¢CI
Choi,G.H.2015 1218 0.505 13.9% 3.38 [1.26, 9.10] —
Cillo,U.2004 12496 046 155% 3.49 [1.42, 8.60] — =
Fan,S,T.2011 133 042 17.2% 3.78 [1.66, 8.61] —
Jeng, K.S.2004 143 016 30.9% 4.18 [3.05, 5.72] -
Rahbari, N.N.2011 033 031 225% 1.39[0.76, 2.55) =
Subtotal (95% CI) 100.0% 3.03 [1.89, 4.86] -
Heterogeneity: Tau? = 0.16; Chi? = 10.04, df = 4 (P = 0.04); I = 60%
Test for overall effect: Z = 4,59 (P < 0.00001)
Total (95% Cl) 100.0% 3.03 [1.89, 4.86] >
Heterogeneity: Tau? = 0.16; Chi? = 10.04, df = 4 (P = 0.04); I = 60% ‘0.0 . of " ; 1‘0 - 00‘

Test for overall effect: Z = 4,59 (P < 0.00001)
Test for subaroun differences: Not aoolicable

Favours prolonged RFS Favours shorten RFS

Figure 2. Meta-analysis of a difference in RFS between CTC-positive and CTC-negative HCC patients based on a HR.
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Figure 3. Summary estimates of HR for OS in CTC-positive HCC patients.

significance of CTC testing in the diagnosis of HCC has been
discussed in many studies, but the data from the individual
studies were insufficient to draw a firm conclusion. Therefore, the
present meta-analysis of relevant studies with a focus on CTC
testing for HCC diagnosis was performed. Meta-analysis of data
from 20 studies indicated the diagnostic value of CTC testing for
HCC diagnosis based on specificity, sensitivity, NLR, PLR, and

dOR values of 0.60 (95% CI=0.57-0.63), 0.95 (95%CI=0.93-
0.96), 0.36 (95%CI=0.28-0.48), 11.64 (95%CI=5.85-23.14),
and 38.94 (95%CI=18.33-82.75), respectively.

Moreover, meta-analysis of data from 18 studies indicated
the prognostic value of CTC testing in HCC patients based on the
associations of CTC detection with OS and recurrence. These
findings provide theoretical support for the clinical application of
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Figure 4. Funnel plots for the association of (A) tumor size and (B) serum AFP concentration with CTC-positivity in HCC patients.
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peripheral blood CTCs for the prediction, and therefore prevention,
of post-operative recurrence and metastasis in HCC patients. Studies
have shown that the presence of tumor cells in the circulation is an
important risk factor for post-operative recurrence and metastasis in
cancer patients, % with 1 study reporting that CTC detection in
peripheral blood can be used as an early warning factor for post-
operative recurrence and metastasis of liver cancer as well as in the
evaluation criteria for the efficacy of post-operative chemothera-
py.*! Consistently, our results showed that the probabilities of
recurrence and metastasis were greater in CTC-positive patients
than in CTC-negative patients. Therefore, the detection of a CTCs
within peripheral blood samples before or during chemotherapy has
important clinical value for predicting the prognosis of cancer
patients and can also guide decision-making regarding clinical
effective treatments. By facilitating the planning of individualized
treatment programs, CTC detection can improve patient survival
and avoid the expenditure of medical resources for treatments less
likely to be effective. Additional research is warranted to confirm
these findings.

In the current meta-analysis, we used the dOR, AUC, and other
indicators to evaluate the diagnostic value of CTC detection in
peripheral blood. A dOR value >1 reflects a correlation between the
results of the diagnostic test and HCC, with increasing values
indicating better diagnostic value. If the dOR value is <1, a test may
suffer from the increased occurrence of FP results. The results of our
data analysis showed that the dOR value for CTC detection was
38.94, which indicated that CTCs might be a suitable diagnostic
marker for HCC. At the same time, we performed SROC analysis to
summarize the overall test performance and AUC assessment of the
overall diagnostic efficiency. In general, AUC values >0.9 indicate
excellent diagnostic value, AUC values between 0.93 and 0.96
indicate very good diagnostic value, AUC values between 0.75 and
0.92 indicate good diagnostic value, and AUC values <0.75 indicate
only some clinical significance. Combined with the above criteria,
our analysis indicated that CTCs have an excellent diagnostic value
(AUC=0.91), and that CTC detection has a high sensitivity and
specificity for the diagnosis of HCC.

The present study does have several limitations. First, although
we conducted a pooled analysis of data from relevant studies
published in the literature before May 2018, we cannot rule out
the potential effects of cohort studies that were not included, and
we cannot draw a strong conclusion based on the number of cases
included in the study. Analyses of a larger sample size are needed
to verify the conclusion. Second, the included study groups were
from relatively independent studies with differences in the
protocols used for CTC detection, patient follow-up and clinical
treatment. Thus, there was inevitably an analysis bias, which
affected the credibility of the results.
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