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a b s t r a c t 

Background and aims: Circulating tumor cells (CTCs) or circulating tumor DNA (ctDNA) may be used for diagnostic 
or prognostic purposes in patients with hepatocellular carcinoma (HCC). We aim to determine whether CTCs or 
ctDNA are suitable to determine oncogenic mutations in HCC patients. 

Methods: Twenty-six mostly advanced HCC patients were enrolled. 30 mL peripheral blood from each patient 
was obtained. CellSearch system was used for CTC detection. A sequencing panel covering 14 cancer-relevant 
genes was used to identify oncogenic mutations. TERT promoter C228T and C250T mutations were determined 
by droplet digital PCR. 

Results: CTCs were detected in 27% (7/26) of subjects but at low numbers (median: 2 cells, range: 1–15 cells) 
and ctDNA in 77% (20/26) of patients. Mutations in ctDNA were identified in several genes: TERT promoter 
C228T (77%, 20/26), TP53 (23%, 6/26), CTNNB1 (12%, 3/26), PIK3CA (12%, 3/26) and NRAS (4%, 1/26). The 
TERT C228T mutation was present in all patients with one or more ctDNA mutations, or detectable CTCs. The 
TERT C228T and TP53 mutations detected in ctDNA were present at higher levels in matched primary HCC tumor 
tissue. The maximal variant allele frequency (VAF) of ctDNA was linearly correlated with largest tumor size and 
AFP level (Log10). CtDNA (or TERT C228T) positivity was associated with macrovascular invasion, and positivity 
of ctDNA (or TERT C228T) or CTCs ( ≥ 2) correlated with poor patient survival. 

Conclusions: Oncogenic mutations could be detected in ctDNA from advanced HCC patients. CtDNA analysis may 
serve as a promising liquid biopsy to identify druggable mutations. 
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Hepatocellular carcinoma is the 4th leading cause of cancer related
eath worldwide [1] . Treatments options for advanced disease are lim-
ted. Most patients are diagnosed at a late stage and their median sur-
ival is less than 2 years [2] . In advanced patients tumor tissue is usually
btained by needle biopsies, which are invasive and does not capture the
eterogeneity of the whole tumor. Liquid biopsies, including circulating
umor cells (CTCs) and cell-free DNA (ctDNA), have been suggested to
llow identification of tumor-derived mutations for use in diagnosis and
ational application of targeted therapies while patient burden associ-
ted with such sampling is minimal. 
Abbreviations: ctDNA, circulating tumor DNA; CTC, circulating tumor cells; ddPC  

teatohepatitis; NAFLD, non-alcoholic fatty liver disease; TERT , telomerase reverse tr
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CTCs are cells that have detached from a primary or secondary tu-
or and enter circulation [3] , and are regarded as seeds for metastasis.
here has been a technical challenge to capture them due to the ex-
remely low frequency, estimated ≤ 1 CTC/ml of blood in billions of
lood cells. CellSearch is a standardized and validated method to detect
pCAM 

+ CTCs from epithelial tumors not including HCC [4] . Neverthe-
ess, many studies show that CellSearch identifies CTCs in 16–67% HCC
atients in early or late stage [5–12] . Other enrichment methods include
ize-based enrichment [13] , density-based RosetteSep negative selec-
ion [14] , magnetic negative selection [15] , flowcytometric detection
16] and microfluidic enrichment [17] . Most CellSearch studies report
rognostic value of CTC numbers in HCC [5 , 8–10 , 12] . The CTC-positive
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Table 1 

Patient characteristics. 

HCC patients ( n = 26) 

Gender 

Male 23 

Female 3 

Age at sampling (years) 

< 60 6 

≥ 60 20 

Mean ± SD 67 ± 11.6 

Race 

Caucasian 23 

Asian 2 

African 1 

Etiology 

No known liver disease 9 

Hepatitis B/C 3/2 

Alcohol-related liver disease 7 

NASH/NAFLD 

∗ 4/1 

Cirrhosis 

No 11 

Yes 15 

BCLC stage (A/B/C) 3/5/7 

Size of largest lesion (cm) 

< 10 7 

≥ 10 19 

Mean ± SD 13 ± 5.2 

Tumor number 

1 17 

> 1 9 

Macrovascular invasion 

No 12 

Yes 14 

AFP level (μg/L) 

< 20 12 

20–400 3 

> 400 11 

Treatment 

Surgery 1 

TACE/SIRT ∗∗ 5 

Systemic therapy (Sorafenib) 10 

BSC ∗∗∗ 10 

∗ NASH, non-alcoholic steatohepatitis;NAFLD, non- 
alcoholic fatty liver disease. 

∗∗ TACE, transarterial chemoembolization;SIRT, selec- 
tive internal radiation therapy. 

∗∗∗ BSC, best supportive care. 
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ate in peripheral blood was associated with tumor size, serum alpha-
etoprotein level (AFP), vascular invasion and overall survival [5 , 10 , 11] .
 preoperative CTC positivity is a predictor for tumor recurrence in HCC
atients after surgery [8 , 9] . The increase in postoperative CTC counts
as significantly associated with the macroscopic tumor thrombus and

horter overall survival [12] . Moreover, to help guide treatment deci-
ions, for instance to initiate or switch targeted therapy, it is important
o determine acquisition of somatic mutations. Because of the risks asso-
iated with repeated tumor biopsies, it is attractive to use liquid biopsies
or this purpose. Mutational analysis in CTCs can be performed by DNA
equencing [11 , 18] . However, CTCs found by numerous methods have
ften not been analyzed for DNA mutations in HCC, likely due to limited
umbers and inefficiency of single cell isolation techniques. 

Circulating tumor DNA (ctDNA) is the fraction of cell-free DNA that
s derived from primary or metastatic tumors. The fraction of circulating
utant DNA fragments is very small, sometimes less than 0.01% [19] ,

ompared to circulating wildtype DNA fragments, making it difficult to
etect and quantify [20] . The development of next generation sequenc-
ng (NGS), especially deep sequencing, and droplet digital PCR (ddPCR)
ave facilitated the identification of genetic variants in ctDNA. Chan
t al. was the first to report analysis of ctDNA by shotgun sequencing
f plasma samples from HCC patients in early stage. The ctDNA con-
entration, determined by single nucleotide variants (SNVs) analysis,
as found to range from 2.1% to 53% before surgery and from 0.4%

o1.3% after surgery [21] . HCC-associated mutations (e.g. TP53, TERT,

TNNB1, APC, EGFR, MET, ARID1A ) were detected in ctDNA by NGS se-
uencing in advanced [22 , 23] and operable HCC [24 , 25] . The presence
f somatic mutations in ctDNA before surgery could predict microvascu-
ar invasion in resectable HCC patients [24 , 25] . Moreover, postoperative
esidual ctDNA was an independent risk factor for recurrence and poor
isease-free survival in HCC patients [26] . Very recently, TERT promo-
or mutated ctDNA was described to be a prognostic biomarker for HCC
27 , 28] , but this observation requires further validation. 

Therefore, in clinical practice it becomes more and more relevant
hat we have access to easy and reliable diagnostic tools for detection of
ncogenic mutations to help guide treatment decisions. Hence, in this
tudy, we used paired samples of CTCs and ctDNA to explore feasibility
o detect oncogenic mutations in HCC patients. 

aterial and methods 

atients and blood collection 

A total of 26 HCC-patients were enrolled in the study between May
018 and July 2019 . Peripheral blood samples (30 mL) from each pa-
ient were collected before any anti-tumor treatment and were collected
nto Cellsave tubes (Menarini Silicon Biosystems, Huntington Valley,
A). Matched FFPE primary tumor tissue biopsies were obtained from
epartment of Pathology in Erasmus MC. The study was approved by the
ocal ethics committee (METC), Erasmus MC, Rotterdam (METC num-
er: 17-238), and written informed consent was obtained from each pa-
ient. The clinical characteristics of the 26 patients are summarized in
able 1 . 

lasma separation and ctDNA extraction 

Blood samples were processed within 24 h after collection. Blood was
rst centrifuged at 1700 g for 10 min to separate plasma and blood cells.
he separated plasma was centrifuged at 12,000 g for another 10 min
o remove cellular debris. The plasma was collected and aliquoted in
ials per 2 ml and stored at − 80 °C until further processing. ctDNA
as isolated from 440 μL to 4 mL (median 3.95 mL) plasma using QIA-
mp Circulating Nucleic Acid kit (Qiagen, Venlo, the Netherlands) and
luted in 30 μL elution buffer. CtDNA concentrations were determined
y Qubit TM 1X dsDNA HS Assay kit (Thermo Fisher scientific, Waltham,
A) using 2 μL of ctDNA. 
2 
nrichment of CTCs and single cell isolation 

7.5 mL whole blood was used to detect EpCAM 

+ CTCs by CellSearch
ystem (Menarini Silicon Biosystems). The cells were isolated by Ep-
AM positive selection using the CellSearch Circulating Tumor Cell kit
and defined as CD45 − CK(8/18/19) + DAPI + . The stained and scanned

TCs were scored blindly by two certified researchers. Single CTC were
solated from the CellSearch cartridge with the VyCAP cell puncher sys-
em (VyCAP, Enschede, The Netherlands) using an isolation chip, which
onsists of 6400 microwells [29] . Single cells were subjected to whole-
enome amplification (WGA) by the Ampli1 WGA kit (Menarini Silicon
iosystems) and the DNA quality of the WGA-products was determined
ith the WGA Quality control kit (VyCAP) according to manufactures

nstructions. 

mplification of ctDNA 

The extracted ctDNA was pre-amplified for the targets TERT C228T
nd TERT C250T by PCR. In brief, a pre-amp reaction mix (total volume:
 μL) was prepared for each target using: 4 μL Tagman PreAMP Master
ix (Thermo Fisher Scientific), 2 μL ctDNA sample and 2 μL of 100 ×

iluted TERT C228T-113 or TERT C250T-113 assay (Bio-Rad, Herucles,
A). Then PCR was performed using the following cycle conditions: 1
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ycle of 10 min at 95 °C,15 cycles of 15 s at 95 °C and 4 min at 60 °C
nd finally hold at 4 °C. After pre-amplification PCR 72 μL ultrapure
NAse/RNAse free H 2 O (Thermo Fischer Scientific/Gibco) was added

o the reaction for a final volume of 80 μL. 

roplet digital PCR (ddPCR) 

For the quantification of the TERT C228T and C250T mutations in
tDNA from HCC patients, ddPCR was performed using the Naica Crystal
CR system (Stilla Technologies, Beverly, MA). Prior to the ddPCR, pre-
mplified ctDNA samples were diluted 20 × for every 0.5 ng of ctDNA
nput in the pre-amplification reaction to prevent saturation with DNA
opies of the ddPCR Sapphire chips (Stilla Technologies) with copies.
ased on the resulting amount of target copies of the first ddPCR (low
ample concentration input), a second ddPCR (high sample concentra-
ion input) was performed with an input of at least 2500 target copies.
or each target the following ddPCR reaction mix was prepared: 1 μL
f diluted pre-amplified ctDNA sample, 14 μL ddPCR 

TM supermix for
robes (Bio-Rad), 2.8 μL of 5 M Betaine (Sigma Aldrich, Darmstadt, Ger-
any), 1 μL of 28 mM EDTA (Thermo Fisher Scientific), 1.4 μL of TERT

228T-113 or TERT C250T-113 assay (Bio-Rad) [30] , 2.8 μL of 1 μM
luorescein (VWR, Radnor, PA) and finally ultrapure DNAse/RNAse free
 2 O (Thermo Fischer Scientific/Gibco) was added to bring up the total
olume to 28 μL. Then 26 μL of the reaction mix was then loaded unto
he Sapphire chips (Stilla Technologies) and ddPCR was performed us-
ng the following cycle conditions: 1 cycle of 10 min at 95 °C, 50 cycles
f 30 s at 96 °C and 1 min at 62 °C, 1 cycle of 10 min at 98 °C and fi-
ally hold at 4 °C. The Sapphire Chips were scanned using Naica Prism3
ystem with default exposure times for the FAM-labeled mutant probe
50 ms) and the HEX-labeled wildtype probe (250 ms). Then, data was
nalyzed using the Stilla Crystal Miner v2.4.0.3 software and thresh-
lds were set based on positive and negative controls for each mutation
ssay. 

To exclude false positive samples, all ctDNA were analyzed at low
nd high concentrations. An increase in sample concentration should
esult in an elevated number of mutant copies compared to the lower
oncentrated sample. If mutant copies were detected and no increase
as observed in the higher concentrated sample of the same patient,

he patient was regarded negative for either the TERT C228T or C250T
utation. Finally, a minimum threshold of 5 detected mutant copies
as established to discriminate between TERT mutation positive and
egative patients. The variant allele fraction (VAF) was calculated as
he proportion of ctDNA harboring the variant in a background of wild-
ype cell-free DNA. 

argeted next-generation sequencing (NGS) 

Sequencing was performed by Ion semiconductor sequencing on the
on Torrent S5XL Next generation sequencing (NGS) system using the
ncomine ctDNA Assay with molecular barcoding loaded on Ion 540
hips. Experiments were performed according to the manufacturer’s pro-
ocol (Thermo Fisher Scientific/Life Technologies). Since there is no cus-
omized oncopanel for HCC in EMC, we chose the Oncomine TM Colon
tDNA panel (Thermo Fisher/Life Technologies) which contains the
ost frequently mutated driver genes in HCC. This panel comprises of 14

olon cancer-related genes ( TP53, CTNNB1, APC , BRAF, AKT1, PIK3CA,
GFR , ERBB2, KRAS, NRAS, GNAS, MAD4, MAP2K1, FBXW7) cover-
ng > 240 mutational hotspots. Sample input ranged between 2.8 ng
nd 20.7 ng DNA in 13 μl for the sequence reaction. Basecalling was
erformed using the Ion Torrent Suite Software 5.10 plugin (Thermo
isher Scientific/Life Technologies) according the manufactures proto-
ol with default basecalling settings. Variant calling was performed us-
ng the Ion Torrent Suite software and Variant caller plugin (Thermo
isher Scientific/Life Technologies) and the variant caller parameters
an be found in Supplementary Table 5. Additionally, the following post-
ariant caller filters were used to eliminate false positive variants: only
3 
nown hotspot variants were selected when detected in at least 3 inde-
endent mutant molecules, with a variant allele frequency of at least
.2% and the total sequencing depth at that the variant position (wild-
ype and mutant) was at least 500 independent (wildtype and mutant)
olecules. Data were being made publically available online at the Eu-

opean Genome-Phenome Archive (ega-archive.org). 

tatistical analysis 

Spearman’s rank correlation test for nonparametric data was used
o analyze the correlation between two factors. Kaplan-Meier analysis is
sed to evaluate the survival differences. Clinical parameters in different
roups were compared using Chi-Square test. Cox regression model was
sed for univariate and multivariate analysis. Statistical analysis was
erformed using Graphpad Prism 8.0 or IBM SPSS statistics 25. P value
ess than 0.05 was considered statistically significant ( ∗ P < 0.05; ∗ ∗ P <
.01; ∗ ∗ ∗ P < 0.001; ∗ ∗ ∗ ∗ P < 0.0001). 

A detailed description of other methods is provided in the Supple-

ental information . 

esults 

escription of study cohort 

In total 26 patients diagnosed with HCC were enrolled. The patient
haracteristics are summarized in Table 1 . With the exception of one
atient who could undergo curative surgery, all patients were treated
ith palliative therapy because of comorbidity, severity of liver disease
nd/or advanced tumor stage. Male individual accounted for the ma-
ority (88%, 23/26) of subjects included. The median diagnostic age
f enrolled HCC patients was 68.5 years (ranged from 40 to 85). Most
f patients are Caucasian (88%, 23/26). In 9/26 (35%) patients there
as no known liver disease, almost half of patients had alcohol-related

iver disease or NASH/NAFLD (46%, 12/26), and a small percentage of
atients had a chronic hepatitis B/C infection (19%, 5/26). Cirrhosis ex-
sted in 15 patients (58%). The largest tumor diameter was more than
r equal to 10 cm in 73% (19/26) of patients. Nine patients (35%) had
ultiple malignant tumor foci. Macrovascular invasion was detected in
4 patients (54%). Fifteen of 26 pts (58%) were cirrhotic (BCLC stage
/B/C: 3/5/7, respectively). Elevated AFP ( > 400 μg/L) was seen in 11
atients (42%). 

TC count and mutation profiling of CTC 

As CellSearch based on EpCAM positive selection is the only U.S.
DA-approved technique for CTC detection, an important prerequisite
or a diagnostic tool to be implemented in clinical practice, we used
he CellSearch system to detect CTCs in HCC patients. For CTC analy-
is, twenty-six patients were enrolled and 7.5 mL peripheral blood from
ach patient was used. The number of CTCs detected by CellSearch
anged from 1 to 15/7.5 mL blood and 27% (7/26) of patients were
TC-positive ( Fig. 1 A and B ). Among CTC-positive patients, 4 out of 7
ad ≥ 2 CTCs. Using the Vycap system, we managed to isolate 8 single
TC (53% recovery) from the CellSearch enriched CTC fraction from the
atient that had 15 CTCs (patient 12). We did whole genome amplifi-
ation for each single CTC and only one CTC had good quality of the
GA and could be analyzed for the oncogenic mutations by ddPCR and
GS sequencing. However, we did not find any mutations in this CTC.

mportantly, we also did not detect any oncogenic mutation in ctDNA
rom the plasma of this patient. 

Since CellSearch is dependent on EpCAM expression by CTC, we an-
lyzed the expression of EpCAM on tumor cells using tissue microar-
ays with cores of resected tumors from 109 early-stage HCC patients
surgery candidates as described previously in [31 , 32] ) by immuno-
istochemistry (IHC) staining. EpCAM expression in tumor tissue was
ound in only 7% (7/109) of these HCC patients ( Figs. S1A–S1D ). 
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Fig. 1. CTC counts in advanced HCC patients . 
(A) Representative images of CellSearch show EpCAM enriched CTCs which are CK + DAPI + CD45 − . (B) The number of CTCs in individual HCC patient identified by 
the CellSearch system ( n = 26). 
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Collectively, we detected CTCs in a minority of our cohort of mostly
dvanced HCC patients and we could not isolate sufficient single CTC
ell for mutational analysis. 

utational landscape in HCC by ctDNA profiling 

As TERT promoter mutations are the most common mutations
resent in around 60% of HCC patients [33] , we analyzed TERT pro-
oter mutations C228T and C250T by ddPCR in order to estimate the

tDNA amount in blood from HCC patients. We additionally analyzed
omatic mutations with a NGS panel covering 14 oncogenic genes. The
mount of ctDNA that we isolated ranged from 7 to 282.4 ng per ml of
lasma (mean 45.52 ng/ml plasma) ( Fig. S2A ). The majority of patients
77%, 20/26) had at least one mutation in ctDNA, only (23%, 6/26) had
o detectable mutations ( Tables S1 and S2 ). The TERT C228T muta-
ion (20/26, 77%) was the most frequently detected mutation whereas
he TERT C250T mutation was absent in all patients ( Fig. 2 A). TP53

6/26, 23%) was the second most frequently detected mutation, fol-
owed by CTNNB1 (3/26, 12%), PIK3CA (3/26, 12%) and NRAS (4%,
/26) ( Fig. 2 A). The median VAF for ctDNA mutations are 2.76% (range:
.3 − 17.92%) for TERT C228T, 7.21% (range: 0.28 − 14.05%) for TP53 ,
.63% (range: 5.63 − 14.68%) for CTNNB1 and 13.09% (0.35 − 13.99%)
or PIK3CA ( Fig. 2 B). Interestingly, the TERT C228T mutation was
resent in all patients with one or more ctDNA mutations, and this
utation was detectable in all patients of which CTCs were detectable

 Fig. 2 C). However, ctDNA maximal VAF did not correlate with CTC
ount ( Fig. S2B ). 

Subsequently, we explored the concordance of these mutations in
tDNA and matched tumor tissue. There were two matched primary tu-
or biopsies available (patients 14 and 16) for mutational analysis, and

n those tissues TERT C228T and TP53 (hotspot p.R249S) mutations
ere present at much higher frequency in tumor compared to ctDNA
 Fig. 2 D). 

Collectively, ctDNA mutations can be detected in our HCC patients
nd the mutational landscape in ctDNA matches the published HCC mu-
ation landscape acquired by bulk sequencing of tumor tissues [34] . 
4 
tDNA positively correlated with macrovascular invasion, tumor size and 

FP level 

We analyzed whether ctDNA status or CTC count correlated with
linicopathologic parameters known to be associated with prognosis.
linical parameters in different groups were compared using Chi-Square
est. We found that ctDNA positivity (or TERT C228T positivity) cor-
elated with macrovascular invasion (MVI) as determined on imaging
ith CT/MRI, whereas for CTCs we did not observe such correlation
 Table 2 ). We next performed a linear regression analysis to further ex-
lore the correlation between clinicopathologic parameters and ctDNA
AF or CTC counts. Results showed that maximal ctDNA VAF was posi-

ively correlated with the size of the largest tumor ( r = 0.44, P = 0.024)
nd AFP level ( r = 0.53, P = 0.005) ( Fig. 3 A and B). Also TERT C228T
AF significantly correlated with largest tumor diameter ( r = 0.41,
 = 0.037) and AFP (Log10) level ( r = 0.55, P = 0.004) ( Fig. 3 C and D).
n contrast, the CTC count did not show such correlations with largest
umor diameter or AFP (Log10) level ( Fig. 3 E and F). 

tDNA positivity or CTC count correlated with HCC patient survival 

We next investigated whether ctDNA status or CTC count correlated
ith overall survival (OS) or tumor specific survival. Patients with one
r more ctDNA mutations ( TERT C228T positive patients) had a sig-
ificantly worse overall survival than patients without ctDNA muta-
ions (median OS 3 vs 17.5 months, P = 0.016) ( Fig. 4 A). Patients with
TC ≥ 2 tended to have a worse overall survival than patients with
TC ≤ 2 (median OS 3.5 vs 5 months, P = 0.052) ( Fig. 4 B). Moreover,
atients that were ctDNA + (or TERT C228T + ) or with CTC ≥ 2 had sig-
ificantly worse tumor-specific survival ( Fig. 4 C and D). We performed
ox regression analysis to reveal the risk factors for overall survival.
nivariate analysis revealed that ctDNA positivity and MVI were risk

actors for overall survival, whereas multivariate analysis demonstrated
hat these two factors were dependent on each other (Table S3). This re-
ult was validated in chi-square test, which shows that ctDNA positivity
as significantly associated with MVI ( P = 0.004) ( Table 2 ). 
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Fig. 2. Mutational landscape in advanced HCC by ctDNA profiling . 
(A) The percentages of HCC patients that were positive for each mutated gene detected in ctDNA. TERT mutations were detected by ddPCR and other mutations 
were detected by NGS sequencing. (B) The VAF for each mutated gene in each HCC patient. Bars show median value of VAF. (C) Heat map shows ctDNA VAF and 
CTC count in each of the 26 HCC patients. VAF, variant allele frequency. (D) The VAF of mutated genes in ctDNA and matched tumor tissue. 

Table 2 

Comparison of the clinical parameters between classified ctDNA or CTC groups. 

Clinicopathologic parameters ctDNA pos ( n = 20) ctDNA neg ( n = 6) P 

value 
CTC ≥ 2 < n = 4) CTC < 2 < n = 22) P 

value N (%) N (%) N 1%) N 1%) 

Age, years 

< 60 6 (23.1) 1(3.8) 1.000 2 (7.7) 5 (19.2) 0.287 

≥ 60 14 (53.8) 5 (19.2) 2 (7.7) 17 (65.4) 

Cirrhosis 

No 9 (34.6) 2 (7.7) 1.000 1 (3.8) 10 (38.5) 0.614 

Yes 11 (42.3) 4 (15.4) 3 (11.5) 12 (46.2) 

Tumor size 

< 10 4 (15.4) 3 (11.5) 0.293 0 (0) 7 (26.9) 0.546 

≥ 10 16 (61.5) 3 (11.5) 4 (15.4) 15 (57.7) 

Tumor number 

1 14 (53.8) 3 (11.5) 0.628 3 (11.5) 14 (53.8) 1.000 

> 1 6 (23.1) 3 (11.5) 1 (3.8) 8 (30.8) 

Macrovascular 

invasion 

No 6 (23.1) 6 (23.1) 0.004 0 (0) 12 (46.2) 0.100 

Yes 14 (53.8) 0 (0) 4 (15.4) 10 (38.5) 

AFP (ng/mL) 

< 20 8 (30.8) 4 (15.4) 0.365 1 (3.8) 11 (42.3) 0.598 

≥ 20 12 (46.2) 2 (7.7) 3 (11.5) 11 (42.3) 

D

 

t  

c  

a  

a

 

v  

i  

4  

w  

v  

C  
iscussion 

Liquid biopsies, including CTCs and ctDNA, may potentially be used
o identify tumor-derived mutations for HCC diagnosis and to guide de-
isions with regard to targeted therapies. In this study, we compare CTCs
nd ctDNA from the same patient for oncogenic mutational profiling in
 cohort of mostly advanced HCC. 
5 
EpCAM 

+ CTCs have previously been detected in 28 − 35% of ad-
anced HCC patients in Western cohorts by CellSearch [5 , 6 , 11] , which
s lower than the frequencies reported in Asian cohorts (EpCAM 

+ CTCs:
4 − 74%) focusing mostly on resectable HCC patients [8 , 10 , 12] . In line
ith these findings, we found CTCs in 27% of a Western cohort of ad-
anced HCC patients using this method. Moreover, in 43% (3/7) of
TCs + patients only 1 CTC/7.5 ml blood could be detected. Such low
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Fig. 3. ctDNA positively correlated with macrovascular invasion, tumor size and AFP level . 
(A–D) Linear correlations between maximal ctDNA VAF or TERT C228T VAF and largest tumor diameter or AFP level. (E,F) Absence of correlations between CTC 
count and tumor size or AFP (Log10). Spearman’s rank correlation test is used to analyze the correlation between two factors. VAF, variant allele frequency. 
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C  
etection rate limits the use of this technique for mutational analysis.
here can be several explanations for the low CTC detection rate: CTCs
re simply not present (the frequency is < 1 in 7.5 mL blood), or they
annot be detected by this assay because the expression of capture (Ep-
AM) and/or identification (CK) markers is too low or lacking in a sub-
et of patients. EpCAM was expressed in tumors of only 7% of HCC pa-
ients in our IHC analysis, and moreover has been reported to be down-
egulated during epithelial-mesenchymal transition (EMT) [35 , 36] . The
requency of EpCAM expression in our western HCC cohort was lower
ompared to Asian cohorts in which its frequency ranges from 15% to
6% of patients [37–43] . This might be due to the difference in etiology
f liver disease. EpCAM expression is reported to correlate with HBV in-
ection [37 , 38 , 42] . However, in our cohort only 8% HBV + patients were
pCAM 

+ (2/24). Although IHC may be less sensitive to detect EpCAM
xpression compared to immunomagnetic capture with ferrofluids and
he CellSearch enhanced aggregation technique, our data emphasize the
imitations of EpCAM-based detection of circulating tumor cells in HCC
or mutational analysis due to the low frequency of CTCs in our patient
ohort. Several other techniques for CTC detection have been described
6 
4] , but they have as far as we know not been FDA approved, which
ampers widespread implementation in clinical practice. 

In contrast, HCC-associated mutations could be detected in 77% of
atients using ctDNA. In our cohort, 77% of patients have TERT pro-
oter mutations, 23% have TP53 and 12% have CTNNB1 or PIK3CA

utations. Moreover, in all ctDNA + patients the TERT promotor C228T
utation was present, whereas one or more additional oncogenic muta-

ion(s) was/were present in 50% of these patients. Overall the observed
requencies of mutations are consistent with NGS results of HCC tumors
34] : Totoki et al. detected in HCC histology: 55% TERT promoter mu-
ations, 31% TP53 , 31% CTNNB1 and 1% PIK3CA mutations, respec-
ively (a comparison of all oncogenic mutations analyzed is provided
n supplementary Table 4). Our data are also in line with other studies
eporting that oncogenic alteration in ctDNA can be detected in 57%
8/14) – 88% (181/206) of advanced HCC patients [22 , 23] . Discrep-
ncies in reported frequencies may be related to differences in clinical
haracteristics of the populations studied since genomic distinction has
een associated with HCC risk factors [22 , 23] ; we have included mostly
aucasian patients with unknown or alcoholic liver disease, whereas
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Fig. 4. ctDNA positivity or CTC count correlated with HCC patient survival . 
(A) Patients with positive ctDNA (or TERT C228T) and negative ctDNA (or TERT C228T) demonstrated differentiated overall survival. (B) Survival curve for patients 
with CTC count < 2 and ≥ 2. Kaplan–Meier analysis is used to evaluate the survival differences. P < 0.05 is considered significant. 
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he above mentioned studies include more patients with viral etiology
f their liver disease. In our experimental design there can be two pos-
ible explanations for ctDNA negativity: (1) the absence of any targeted
utation in the primary tumor, (2) the targeted oncogenic mutation
as present in the primary tumor but it could not be detected in blood.
o illustrate, recently, TERT promotor mutation in paired plasma and
issue biopsy were concordant in 21/34 patients (62%). In the 12 of 13
on-concordant samples, the TERT mutation was found in tumor but not
n plasma [27] . In agreement with other studies [26 , 44 –46] , we found
utation concordance between ctDNA and primary tumor tissue in two
atients but since in our clinic routine tumor biopsies are uncommon in
dvanced HCC patients (in context of cirrhosis) our dataset of matched
issues is too small to draw conclusions. 

In our cohort presence of ctDNA was associated with clinicopatho-
ogic parameters of advanced disease. Maximal ctDNA VAF correlated
ith tumor size and AFP level, and ctDNA positivity was associated with
acrovascular invasion. Moreover we showed that ctDNA positivity was

ssociated with overall and tumor-specific survival in our HCC patients
nd TERT C228T mutation alone is a significant predictor of survival.
hese findings are in line with recent findings by others, that have corre-

ated TERT promotor mutation in plasma with macrovascular invasion
nd overall survival [27 , 28] . The ddPCR technique used in our study for
ERT promoter mutation analysis is a relatively easy, fast and affordable
ssay, that can be used in clinical care for detection of this biomarker,
or instance as an additional tool in the early detection of HCC, as was
uggested by others [47 , 48] . Previously, ctDNA mutations in early-stage
CC patients have been associated with microvascular invasion and re-
urrence by others [44 , 45] . ctDNA positivity in postoperative plasma
redicted poor disease-free survival after tumor resection in early HCC-
atients [26] . 

Somatic mutations detected in ctDNA can guide treatment de-
isions with regard to targeted therapies. Mutation analysis of
RAS/KRAS/BRAF, PIK3CA and CSF-1R in plasma has been applied
7 
n a phase 2 clinical trial to assess response to a mitogen-activated
rotein kinase (MEK) inhibitor (refametinib) in advanced HCC pa-
ients [49] . Ikeda et al. [22] evaluated 14 patients with advanced
CC and detected druggable mutations in 79% of patients. Based on

heir findings patients were treated with customized therapies. A pa-
ient with a CDKN2A -inactivating and a CTNNB1 -activating mutation
eceived palbociclib (CDK4/6 inhibitor) and celecoxib (COX-2/Wnt in-
ibitor) treatment and found declined des-gamma-carboxy prothrom-
in (DCP) level after 2 months of treatment. Another patient with a
TEN -inactivating and a MET -activating mutation received sirolimus
mechanistic target of rapamycin inhibitor) and cabozantinib ( MET in-
ibitor) and demonstrated signs of clinical efficacy. The ease-of-use
f mutational analyses using ctDNA as opposed to the more cumber-
ome CTC isolation allows for repeated, longitudinal analysis for prog-
ostic and therapeutic decision making in HCC patients. In our co-
ort, we detected druggable mutations in 5 patients, including 3 pa-
ients with CTNNB1 , 3 patients with PIK3CA and 1 patient with NRAS

utations. 
Our study has several limitations: (1) we have a relatively small

ohort of patients; (2) as mentioned, we lack sufficient matched pri-
ary tumor tissue biopsies for comparison; and (3) we did not per-

orm paired leukocyte DNA sequencing thus we could not fully exclude
hat TP53 mutations were derived from leukocyte DNA, because so-
atic variants in TP53 found in ctDNA could be derived from clonal
ematopoiesis [50 , 51] ; (4) the ctDNA panel that we used is limited and
oes not contain all known actionable somatic alterations (e.g. mutation
n TSC1 / TSC2 , amplification in EGFR and MET ). 

In conclusion, we compared CTC and ctDNA for detecting tumor
utations in a cohort of mostly advanced HCC patients. CTCs as de-

ected by Cell Search are present in low frequency and it is challenging
o isolate single CTC for mutational analysis. In contrast, ctDNA is de-
ectable in 77% of our HCC patients. CtDNA detection is associated with
nown prognostic markers for disease survival. Our study illustrates that
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nalysis of ctDNA may serve as a liquid biopsy to identify druggable mu-
ations in advanced HCC patients. 
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