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Abstract
Objective: Biliary tract cancer (BTC) is a rare malignancy and lack of effective diag-
nostic and prognostic marker. Here, we aimed to investigate the clinical implication of 
TP53 mutation detection in BTC using droplet digital PCR (ddPCR).
Methods: TP53  gene (loci p.R175H, p.R248Q, p.R248W, and p.R273H) mutation 
frequencies of 45 pairs of tumor tissues (TTs) and adjacent normal tissues (ANTTs) 
were analyzed, respectively, using ddPCR. Meanwhile, the same detections were con-
ducted in plasma cell-free DNA (cfNDA) of 156 subjects including BTC, disease con-
trol (DC), and healthy controls (HC). The logistic regression algorithm was established 
to identify BTC. The correlations between mutations and clinicopathological features 
as well as the effects of TP53 mutation frequency on BTC prognosis were assessed.
Results: The higher mutation of p.R175H was found in TTs compared with ANTT 
(p = 0.006). The mutation at p.R273H in cfDNA was also higher in BTC when compared 
with DC and HC (p < 0.05). The logistic algorithms combining p.R273H mutation dem-
onstrated the higher diagnostic efficacy trend than carbohydrate antigen 19–9 (CA19-
9), carcinoembryonic antigen (CEA), and alpha-fetoprotein (AFP) in identifying BTC 
from DC (the area under the curves of the algorithm: 0.845, 95% CI:0.775–0.914). 
The median overall survival (OS) and progression-free survival (PFS) were significantly 
shorter when the BTC patients harboring the p.R273H mutation (OS: p = 0.032; PFS: 
p = 0.046).
Conclusion: This study revealed for the first time that the quantitative TP53 muta-
tions using the ddPCR might serve as a potential genetic biomarker for BTC diagnosis 
and prognosis assessment.
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1  |  INTRODUC TION

Biliary tract cancer (BTC) is anatomically classified as gallbladder 
carcinoma (GBC), cholangiocarcinoma (CCA), and the ampullary car-
cinoma. Cholangiocarcinoma includes extrahepatic cholangiocarci-
noma (ECC) and intrahepatic cholangiocarcinoma (ICC).1 Although 
the incidence rate of BTC is relatively low, BTC is characterized by 
early lymph node and distant metastases and, therefore, often di-
agnosed lately when the diseases are already in advanced stages.2 
Up to now, tumor resection is still the main therapeutic option al-
though only a small percentage of patients are eligible and curate 
without recurrence.3 BTC is a heterogeneous group of related but 
distinct diseases with various clinical features and different genetics 
changes.4 Characterizations of BTC at the genetic levels are essential 
for understanding its pathogenesis before exploring new diagnostic 
and therapeutic options for personalized medicine.5 Molecular typ-
ing of BTC will be promising for early identification and prognosis 
assessment improving patients’ outcome.6

Molecular diagnostic technology has now been proved to be 
an important and even essential method for targeted therapy and 
immunotherapy for precision oncology.7 The clinical application of 
molecular detection has become more and more feasible due to the 
progress of new technology during recent half a century.8 In par-
ticular, digital PCR (dPCR) and next-generation sequencing (NGS) 
are typical important technologies for liquid biopsy which includes 
detection of circulating tumor cells (CTCs), circulating tumor DNA 
(ctDNA), and exosomes in cancer patients.9,10 Quantitative real-time 
PCR (qPCR), one of the method of choice for molecular diagnostics, 
is fundamental in preclinical and clinical research.11 Recently, the de-
velopment of dPCR represents an innovative evolution of qPCR that 
may outperform qPCR in clinical applications.12 Unlike qPCR, dPCR 
does not rely on calibration curves for absolute quantification of a 
DNA target molecule.13-15 In addition, dPCR has further exhibited a 
number of unique advantages over qPCR, including decreased vari-
ability and superior sensitivity (<0.1%).16

The tumor suppressor gene tumor protein p53 (TP53) is one 
of the most commonly mutated genes in various malignancies.17 
Mutations in TP53 not only disrupt its tumor suppressor function, 
but also are associated with a worsened prognosis and cause resis-
tance to cancer therapy.17,18 In our previous study, we found that 
the genetic abnormality of TP53 occurred as high as 51.7% in the 
CCA in a 450 cancer panel exploration using NGS.19 Meanwhile, 
our study using the case results from the catalog of somatic mu-
tations in cancer (COSMIC) database (https://cancer.sanger.ac.uk/
cosmic) indicated that p.R175H, p.R248Q, p.R248W, and p.R273H 
were the most four common mutations of TP53 in BTC. Whether the 
quantitative mutation frequencies of p.R175H, p.R248Q, p.R248W, 
and p.R273H indicating the detailed genomic characteristics of 
TP53 gene contribute to the diagnosis and prognosis evaluation of 
BTC remains unknown.

Therefore, in this study, we conducted a retrospective case-
control study assessing the clinical implications of quantitative 
TP53  mutations using the droplet-based dPCR in both tissue and 

cell-free DNA (cfDNA) in BTC patients aiming to identify the poten-
tial genetic biomarkers for BTC diagnosis and prognosis assessment.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and participants

Totally the 201  subjects with BTC (including GBC, ECC, and ICC) 
who underwent radical surgical resection and the study controls [in-
cluding calculous cholecystitis as disease control (DC) and healthy 
control (HC)] from Shanghai Eastern Hepatobiliary Surgery Hospital 
(EHBH, Shanghai, China) were recruited into this study from January 
2014 to December 2019 (Figure 1). The study protocol was approved 
by Institutional Ethics Committee of Shanghai Eastern Hepatobiliary 
Surgery Hospital (EHBHKY2020-02–012). Informed consent was 
obtained from all subjects, and the data were analyzed anonymously.

Entry criteria of BTC patients included: (1) being diagnosed as 
BTC by histology; (2) no other associated malignancies or probable 
metastatic biliary tract tumor; and (3) no other anticancer treatment. 
Exclusion criteria were subjects with (1) incomplete medical data; (2) 
mixed-type BTC; and (3) no blood or tissue sample available.

Calculous cholecystitis as disease control (DCs) in this study 
was diagnosed when the following criteria is met: (1) clinical man-
ifestations and (2) being diagnosed as calculous cholecystitis by 
B-ultrasound and X-ray cholecystography. The exclusion criteria 
were: (1) a history of chronic diseases, such as diabetes and cor-
onary heart disease and (2) gender and age mismatch with BTC. 
Healthy controls (HCs) were demographic healthy blood donors 
with routine biochemical tests, no history of biliary diseases, and 
any malignancies.

2.2  |  Sample and data collection

Peripheral blood specimens were collected at the time of diagnosis 
before treatment. Meanwhile, tissue specimens [tumor tissue (TT) 
and adjacent normal tissue (ANTT)] were obtained during the opera-
tion. For all subjects, specimens were stored at −80°C until analysis.

Relevant demographic and clinical data including patients' age, 
gender, and pathological results were recorded. All laboratory tests, 
such as immunological detections of carbohydrate antigen 199 
(CA19-9), carcinoembryonic antigen (CEA), and alpha-fetoprotein 
(AFP) as well as biochemical parameters of liver function, were con-
ducted before surgeries. Biochemical tests were conducted using 
standard methods and matched reagents on 7600 Analyzer (Hitachi, 
Tokyo, Japan). Immunological detections were determined on a 
E170 modular with matched reagents (Roche, Basel, Switzerland). 
The cutoff value for CA19-9 was 39.0 U/ml, CEA 10.0  ug/L, AFP 
20.0 ug/L, and total bile acids (TBA) 12.0 umol/L, as recommended 
by the manufacturers and the relevant clinical practice guideline.

Histopathological studies of the resected specimens, including 
tumor diameter and the tumor number, capsule integrity, nodule 
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metastasis, and the TNM staging, were completed independently by 
two experienced pathologists.

The enrolled patients were followed up every 3 months during 
the first 2  years after surgery and then every 3–6 months there-
after until cancer-induced death or dropout from our project. 
Progression-free survival (PFS) was measured from the first day of 
treatment to the date of first objective or clinical sign, death (which-
ever came first) or to the date of last follow-up visit for patients cen-
sored without progression. Overall survival (OS) was measured from 
the first day of treatment to the date of death or the last date of the 
follow-up program.

2.3  |  Tissue DNA/plasma cfDNA extraction and 
droplet dPCR detection

CfDNA was extracted from plasma with an average volume of 
600μL using the MagMAXTM cell-free DNA isolation kit (Thermo 
Fisher). For tissue DNA extraction, a tissue nucleic acid extraction 
kit (Ningbo Youcheng Biological Pharmaceutical Co. Ltd.) was used 
according to the manufacturer's instruction.

Droplet dPCR (ddPCR) was performed on the Bio-Rad QX200 
according to the manufacturer's instruction (Bio-Rad). Primers and 
Taqman probe pairs of four loci of TP53 gene (p.R175H, p.R248Q, 
p.R248W, and p.R273H) were custom-designed (Shanghai Gemple 

Biotech Co. Ltd.). Briefly, 900 nM probes and 250 nM primers were 
mixed with 2× Droplet PCR Supermix (Bio-Rad, Hercules, USA), 5 μl 
of template DNA, and H2O to become 20 μl for each reaction. The re-
action mixture was placed into the sample well of the DG8 cartridge 
(Bio-Rad, Hercules, USA). A volume of 70 μl of droplet generation oil 
was loaded into the oil well, and droplets were formed in the drop-
let generator (Bio-Rad). After processing, the droplets were trans-
ferred to a 96-well PCR plate (Eppendorf). The PCR amplification 
was carried out on Veriti (Thermo Fisher) with the following thermal 
profile: hold at 95°C for 10 min, 40 cycles of 94°C for 30 s and 52°C 
(p.R175H) / 60°C (p.R248Q) / 60°C (p.R248W) / 55°C (p.R273H) 
for 1 min (ramp 2°C/s), 1 cycle at 98°C for 10 min, and ending at 4 
°C. After amplification, the plate was loaded on the QX 200 droplet 
reader (Bio-Rad), and the droplets from each well of the plate were 
read automatically. QuantaSoft software v.1.5 (Bio-Rad) was used to 
count the PCR-positive and PCR-negative droplets to provide abso-
lute quantification of the target DNA. The cutoff value for p.R175H 
was 0.10%, p.R248Q 0.20%, p.R248W 0.10%, and p.R273H 0.05%, 
as recommended by the kit manufacturer (Shanghai Gemple Biotech 
Co. Ltd.).

TP53 p.R175H/p.R273H reference standard (Cobioer Biosciences 
Co. Ltd.) was used for the accuracy assessment for our ddPCR detec-
tion system. The allelic frequency of standard was 100%; we diluted 
it into 50.00%, 10.00%, 1.00%, and 0.10% with dH2O as templates 
and detected using this ddPCR system, respectively.

F I G U R E  1 Study design and flowchart. Totally the 201 subjects with BTC (including GBC and CCA) and study control (including DC 
and HC) who met the inclusion criteria were enrolled. The 45 pairs of TT and ANTT were obtained during the operation. The 156 plasma 
specimens were collected at the time of diagnosis before treatment. The ddPCR was used to detect the four loci of TP53 gene mutations for 
both the tissue DNA and plasma-cfDNA. The correlations between TP53 mutations and clinicopathological features as well as the impact 
of mutation on prognosis were assessed. BTC, biliary tract cancer; GBC, gallbladder cancer; CCA, cholangiocarcinoma; ICC, intrahepatic 
cholangiocarcinoma; TT, tumor tissue; ANTT, adjacent non-tumor tissue; DC, disease control group; and HC, healthy control group
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2.4  |  Statistical analysis

All statistical analysis and scientific graphics in this study were 
performed in SPSS 21.0 (IBM) and GraphPad Prism 8.0 (GraphPad 
Software). The stratified analysis was performed according to the 
diameter, number of tumors, and TNM stages in BTC group. For 
categorical variables, the chi-squared test or Fisher's exact test 
was performed to calculate the difference of rate in different 
cohorts. Mutation frequencies between TT and ANTT were ana-
lyzed using the χ2 test. Step-wise logistic regression was used to 
construct diagnostic algorithm models. Receiver operating char-
acteristic (ROC) curves were applied to evaluate the efficacies of 
diagnostic models in discriminating BTC from control groups. The 
area under curve (AUC) and its 95% confidence interval (CI) were 
calculated. PFS and OS analyses were conducted with the Kaplan–
Meier method and log-rank test. The p value <0.05 was defined as 
statistically significant.

3  |  RESULTS

3.1  |  Quantitative TP53 mutation 
detection in tissues and the comparison between TT 
and ANTT

The clinical characteristics, serum laboratory indexes, and TNM 
stages of 45 cases of BTC with TTs and matched ANTTs are shown in 
Table S1. The mutation frequencies of p.R175H, p.R248Q, p.R248W, 
and p.R273H in TP53 genes showed no significant differences be-
tween TTs and ANTTs, with the exception of p.R175H. Higher muta-
tion of p.R175H (p = 0.006) occurred in TTs (Figure 2).

3.2  |  Quantitative TP53 mutation detection 
in plasma cfDNA and its correlation with clinical 
pathological features

The demographic and clinical information of 156 enrolled subjects 
including two subgroups of BTC (GBC and ICC) and two subgroups 
of control (DC and HC) for cfDNA detection are shown in Table S2. 
The CA19-9, AFP, CEA, and TBA showed significant differences 
between BTC and the control group (p  <  0.05). The mutation 
frequencies of loci p.R175H, p.R248Q, p.R248W, and p.R273H 
of TP53 gene from plasma cfDNA are presented in Figure 3. We 
found that the mutations at p.R175H and p.R273H were much 
higher in GBC/BTC compared with TCs (p < 0.05). Meanwhile, the 
mutation frequencies in ICCs at p.R273H were also higher than 
that in TC (p < 0.05). In addition, patients harboring the p.R273H 
mutation had more tumor numbers compared with those without 
the mutation (p  =  0.005, Table  1). No significant differences in 
tumor diameter and TNM stage were found between the patients 
with or without the mutations at p.R175H, p.R248Q, p.R248W, 
and p.R273H (p > 0.05, Table 1).

3.3  |  Logistic regression model 
construction and diagnostic efficacy assessment 
based on TP53 mutations

Since among the four loci of TP53, p.R273H was demonstrated as 
the most significant factors for discrimination BTC and controls 
(see Figure  3), we then constructed the logistic algorithms com-
bining p.R273H mutation and the routine laboratory tests based 
on step-wise logistic regression. Firstly, Model273-1 (=0.431×p.
R273H+0.482×AFP+0.005×CA19-9–1.557) was developed for 
discriminating BTC from DC (calculous cholecystitis). As shown in 
Figure  4A and Table  2, Model273-1  showed the best trend with 
AUC as high as 0.845 (95% CI: 0.775–0.914) compared with CA19-9 
(AUC = 0.786, 95% CI: 0.704–0.867), CEA (AUC = 0.751, 95% CI: 
0.657–0.845), and AFP (AUC =  0.692, 95% CI: 0.596–0.788). For 
identifying another different types of BTC, Model273-2 (=0.433×p.
R273H+0.005×CA19-9–1.756) was constructed for differentiat-
ing GBC from DC. The AUC of Model273-2 (AUC =  0.908, 95% 
CI:0.831–0.985) also showed a better diagnostic efficacy than 
CA19-9 (AUC =  0.810, 95% CI:0.691–0.929), CEA (AUC =  0.799, 
95% CI:0.679–0.919), and AFP (AUC = 0.689, 95% CI:0.553–0.825) 
(Figure  4B, Table  2). Furthermore, Model273-3(=0.912×p.
R248W+0.411×p.R273H+0.573×AFP +0.005×CA19-9–2.156) 
was constructed for distinguishing ICC from DC, still the AUC of 
Model273-3 (AUC =  0.844, 95% CI:0.764–0.924) was much bet-
ter than that of CA19-9 (AUC = 0.775, 95% CI:0.679–0.870), CEA 
(AUC  =  0.729, 95% CI:0.623–0.836), and AFP(AUC =  0.694, 95% 
CI:0.587–0.801) respectively (Figure 4C, Table 2).

3.4  |  Higher p.R273H mutation indicated poor 
survival of BTC

In this study, BTC patients had a PFS time ranging from 1 to 
66 months, with a median survival time of 18 months. Kaplan–Meier 
curve analysis revealed that the mutant p.R273H patients dem-
onstrated a significantly lower median OS than the wild p.R273H 
subgroup (median OS: 14.0 vs. 20.0 months, p = 0.032, Figure 4D). 
Similarly, patients with mutant p.R273H showed worse PFS com-
pared to those with wild p.R273H (median PFS: 14.0 vs. 20.0 months, 
p = 0.046, Figure 4E). Due to the limited case of BTC enrolled, no 
further stratification regarding the quantitative p.R273H and sur-
vival was analyzed.

4  |  DISCUSSION

BTC is a rare malignancy often identified at an advanced stage and 
has extremely poor prognoses. The classification of BTC is com-
plex, and the biological characteristics of each subtype are het-
erogeneous; therefore, the early diagnosis of the disease is full of 
challenges.20 Most patients are diagnosed at advanced stage when 
treatment is limited to palliative chemotherapy.21 There are limited 
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options regarding systemic therapy for this disease and histori-
cally only multi-agent chemotherapy regimens achieve meaningful 
responses, but the treatment effect is not satisfied.22 At present, 
effective treatment of BTC is in its pacing stage, while genomic pro-
filing of BTC has gradually becoming a reality which allows a bet-
ter understanding of its biological characteristics and potential new 
therapeutic targets.23

Compared with histopathological tumor tissue analysis, liquid 
biopsy has already shown more advantages in deciphering a full pic-
ture of the patient's genomic, such as overcoming the heterogeneity 
of the tumor and reducing the disadvantages of the invasive sam-
pling and sample error.24 Digital PCR is one of the most important 
molecular detection methods in liquid biopsy since dPCR is an accu-
rate nucleic acid quantification method with single-molecule sensi-
tivity. The simplification and visualization of the operation workflow 
as well as the compatibility of the instrument of ddPCR have greatly 
accelerated its application in clinical diagnostics.25 DPCR is partic-
ularly suitable for monitoring the potential early metastatic recur-
rence of cancers, low DNA shedding tumors, and rare mutations in 
complex background especially in circulating tumor DNA (ctDNA).26 

CtDNA can be extracted from peripheral blood and has been identi-
fied as the ideal detection target helping to reveal the status of gene 
mutations.27

In our previous study using NGS, we confirmed that the tissue 
TP53  mutations are the most frequent in BTC, similar to several 
other types of tumors.28-30 Furthermore, our pilot study on search-
ing the hotspot TP53 mutation loci with COSMIC database indicated 
that p.R175H, p.R248Q, p.R248W, and p.R273H were the four most 
common mutations of TP53 in BTC using NGS (Table S3). Recently, 
the research on these loci mainly focused on the pathogenesis indi-
cating that p.R273H can lead to more aggressive phenotypes and 
enhance cancer cell malignancy, which might be useful in clinical di-
agnosis and therapy of TP53  mutant cancers.31 Some researchers 
revealed that the mutation TP53-p.R175H was more likely to cause 
higher levels of genomic instability than the other TP53 mutations.32 
Our research in BTC tissues found that the mutation frequency of 
p.R175H was significantly higher in TT than in ANTT (Figure 2) and 
the genomic instability of p.R175H might be the possible cause of 
tumorigenesis and metastasis. Recent studies reported that p53 mu-
tants, including two of the common cancer mutants (R175H and 

F I G U R E  2 Comparison of the mutation 
frequencies of TP53 in TTs and ANTTs. 
The mutation frequencies of p.R175H, 
p.R248Q, p.R248W, and p.R273H of 
TP53 gene from 45 cases of BTC were 
compared between TTs and ANTTs. 
Higher mutation of p.R175H occurred in 
TTs compared with ANTTs (p = 0.006). TT, 
tumor tissue; ANTT, adjacent non-tumor 
tissue
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R273H), were more prone to drive the p53 DNA-binding domain to-
ward aggregation-prone conformations than wild type (WT) p53 and 
these pathological aggregations can lead to diverse cancers.33 But 
up to now the researches on these 4 loci are basically limited to the 
in vitro cellular level and have not been explored clinically, let alone 
related analysis in diagnosis and prognosis study.

Mounting evidences indicate that the hotspot mutation like p53-
R273H promotes cell migration, invasion in vitro, and tumor metas-
tasis in vivo.34 In addition to this pathogenesis of mutant p.R273H, 

our experiments had further indicated for the first time that p.R273H 
might be also useful in clinical diagnosis. In order to make differen-
tiation between BTC and the benign biliary tract disease-calculous 
cholecystitis, three diagnostic models, Model273-1 for identifying 
BTC, Model273-2 for GBC, and Model273-3 for ICC, were con-
structed integrating TP53 mutation and routine tumor maker based 
on logistic regression. As a result, the logistic algorithm separated 
BTC from the DC subjects with higher performance than CA19-9, 
CEA, and AFP did (AUC 0.845 vs 0.786, 0.751 and 0.692, Figure 4). In 

F I G U R E  3 Comparison of the 
TP53 mutation frequencies in cfDNA 
between BTCs and control groups. 
Quantitative TP53 mutation detection 
in plasma cfDNA was measured using 
ddPCR. TC was used as the control group 
to compare the differences in mutation 
frequencies of all four loci (p.R175H, 
p.R248Q, p.R248W, and p.R273H) 
of TP53 gene in each experimental 
group (GBC, ICC, and BTC). The X-axis 
represents various groups, and the Y-axis 
represents the mutation frequency of 
each loci. The mutation frequencies in 
GBCs and BTCs at p.R175H were higher 
than that in TC (p < 0.05). Meanwhile, 
the mutation frequencies in different 
experimental group (GBC, ICC, and BTC) 
at p.R273H were higher than that in 
TC (p < 0.05). GBC, gallbladder cancer; 
ICC, intrahepatic cholangiocarcinoma; 
BTC, biliary tract tumor (GBC +ICC); 
DC, disease control group; and TC, total 
control group. The significant differences 
were marked with * for p < 0.05; ** for 
p < 0.01

Mutation loci ddPCR

TNM stage(n = 76) Tumor number(n = 76)

Ⅰ-Ⅲ Ⅳ p Value Single Multiple p Value

p.R175H Negative 39 26 0.993 50 15 0.762

Positive 6 5 8 3

p.R248Q Negative 41 28 0.907 55 14 0.086

Positive 4 3 3 4

p.R248W Negative 41 28 0.907 55 14 0.086

Positive 4 3 3 4

p.R273H Negative 36 22 0.363 41 17 0.005*

Positive 9 9 6 12

Note: Patients were classified according to the positivity of mutations, and then comparisons were 
made between negative and positive subgroups on the stages of TNM and the number of tumors. 
TNM, tumor node metastases. The significant differences were marked with * for p < 0.05.

TA B L E  1 Association between 
the mutations of TP53 in cfDNA and 
clinicopathological features
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addition, the diagnostic accuracies of BTC were better than CA19-9, 
CEA, and AFP (79.31% vs 71.55%, 39.66%, 61.21%). Furthermore, 
for precise differentiating the subtypes of BTC (GBC and ICC) from 
the disease controls, the diagnostic accuracies of the novel logis-
tic algorithms (Model273-2/3) were also satisfactory (AUC: 0.908, 
95%CI: 0.831–0.985/AUC: 0.844, 95%CI: 0.764–0.924). Moreover, 
the mutant and wild type of p.R273H could stratify BTC into two 
distinct subgroups with high or low risks of overall survival and re-
currence this noninvasive. Our research helped to accurately reflect 
intratumoral heterogeneity, assess disease progress, track the trace 
dynamic gene changes that occurred during follow-up, and help 
early intervention.

In the present study, TP53 mutations at p.R175H, p.R248Q, 
p.R248W, and p.R273H were stably detected at a prevalence 
as low as 0.01% using the QX200 ddPCR system. To evalu-
ate the stability of the quantitation using ddPCR, we used the 
commercial TP53 p.R175H/p.R273H reference standard to ver-
ify the precision of the detection. The results showed that the 

within-run coefficient of variation (CV) was 1.2%-11.37% (see 
Table S4). Furthermore, the between-run CV was 8.87%-9.23% 
when the standard was diluted into 1% (see Table S5). The liquid 
biopsy using dPCR in this study was not affected by the calibra-
tion curve, exhibiting decreased variability, superior day-to-day 
reproducibility, and sensitivity.35,36 As recently highlighted, for 
the ddPCR detection of quantify trace nucleic acids, determining 
the appropriate threshold is a major issue for reliable results.37 
In addition, highly sensitive ddPCR may avoid false-negative re-
sults that are associated with tumor heterogeneity in the eval-
uation of enriched samples in tumor cells.38 With the sensitive 
and reliable method here, we found some low-frequency (<5%) 
mutations [p.R175H(8/13), p.R248Q(12/13), p.R248W(5/8), and 
p.R273H(6/6)] in BTC tissues. Previous studies indicated mutation 
of TP53 in BTC is 32%-47.1%.39,40 Our findings were consistent 
with previous prevalent viewpoints that the positive mutation 
rates of these tissue and plasma samples were 51.1% (23/45) and 
42.11% (32/76), respectively (see Table  S2). The TP53 mutation 

F I G U R E  4 Diagnostic performances of three logistic algorithms constructed and the contribution of quantitative p.R273H mutation 
frequencies to survival outcome in BTC. (A–C) The receiver operating characteristic (ROC) curves of the three p.R273H-based logistic 
algorithms, CA19-9, CEA, and AFP, indiscriminating different BTCs and the diseases controls (DCs). The area under the ROC curves (AUC) 
showed the diagnosis powers of the logistic algorithms were better than that of CA19-9, CEA, and AFP in the BTC(A)/GBC(B)/ICC(C) group. 
(D–E) Kaplan–Meier curves showed that there were significant differences between with (green) and without (gray) p.R273H mutation in 
the OS and PFS (p < 0.01), indicating that BTC patients with p.R273H mutation suffer a poorer prognosis than those without. WT, wild type; 
MT, mutated type
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rate of our study was higher than those from COSMIC study since 
low-frequency mutations (<5%) might not be identified by NGS 
and Sanger sequencing in those studies.

There were some limitations in this study. Firstly, we failed to ob-
tain the matched BTC tissue and plasma cfDNA since this was a ret-
rospective study. Accordingly, we could not evaluate the concordance 
and difference of TP53 mutations between plasma cfDNA and tissue 
from the same patients. Secondly, the recruit subjects’ number of this 
study was limited, and the reliability of the models constructed in this 
study need further independent validation. To overcome the above-
mentioned limitations, prospective studies with time-matched blood 
and tissue samples obtained from more BTC patients are necessary 
in order to further evaluate the performance of the TP53 mutation-
based assessing system developed in this study.

In conclusion, we had shown that dPCR was a simple, noninva-
sive, and efficient method allowing the detection of TP53 molecular 
abnormalities in cfDNA. DPCR could help in gaining further insight 
into the complex landscape of BTC genetic features. In consid-
ering the spatial heterogeneity of tumors and the low-frequency 
mutations detection, our results suggested that mutation of TP53 
(p.R273H) detection using dPCR might be a helpful alternative for 
BTC identification and prognosis prediction. Further studies are re-
quired to validate the clinical implications of this TP53 mutation in 
the management of BTC.
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