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Introduction

Pancreatic cancer is the fourth leading cause of cancer-
related death and one of the most malignant tumors (1). 
Pancreatic ductal adenocarcinoma (PDAC), the most 
common type of pancreatic tumor, accounts for about 85% 
of cases (2). More than 25,000 patients are diagnosed with 

PDAC every year, and a significant portion of them die. The 
5-year survival rate for PDAC patients is less than 10% (3). 
Thus far, surgical resection is the only viable and curative 
treatment for PDAC. However, less than 20% of PDAC 
patients are able to have curative surgery, with the majority 
of them presenting at a very late stage during diagnosis. 
This may be because of the lack of an effective method 
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for early detection (4-6). Several tumor biomarkers, such 
as carbohydrate antigen (CA) 19-9 and carcinoembryonic 
antigen (CEA), have been used in clinical work for the 
diagnosis and prognosis prediction of PDAC patients. 
Although they are advantageously of low cost, simplistic, 
and minimally invasive, their sensitivity and specificity 
are not sufficient to achieve effective early diagnosis (7,8). 
Therefore, new effective biomarkers are urgently needed 
for diagnosis, disease monitoring, and treatment selection 
for PDAC patients.

The cell-free component of peripheral blood (circulating 
tumor DNA, ctDNA) can be found in the plasma of patients 
with cancer and has been found to contain gene mutations 
representative of primary tumors (9). Plasma ctDNA 
mutations have significant diagnostic and prognostic value 
for cancer patients (10). In addition, since plasma ctDNA 
samples can be repeatedly and non-invasively obtained, they 
can be used to monitor the response of cancer patients in 
real time during treatment or disease progression (11,12). 
Digital polymerase chain reaction (PCR) has been applied 
to analyze plasma ctDNA for specific gene mutations in 
several cancers such as colorectal cancer (13-16). However, 
few studies have been performed analyzing the diagnostic 
and prognostic value of plasma ctDNA in patients with 
PDAC before and after surgery.

Mutations in the Kirsten rat sarcoma vial oncogene 
homolog (KRAS) gene are present in the majority of PDAC 
cases (17,18). The reported KRAS mutation rate ranges 
from 75% to 95% (19). The KRAS gene in PDAC is an 
oncogene that is constitutively active by a point mutation in 
codon 12 (20), which is thought to occur early in the tumor. 
Some KRAS mutations may have an impact on the survival 
of the patients (21,22).

In this study, we not only compared preoperative plasma 
ctDNA (pre-ctDNA) with surgical tissue DNA (tDNA), but 
also analyzed plasma ctDNA KRAS mutations in resectable 
PDAC patients before and after surgery. We evaluated the 
diagnostic, treatment, and prognostic value of pre-ctDNA, 
postoperative plasma ctDNA (post-ctDNA), and the 
changes in pre-ctDNA and post-ctDNA abundance (pre-
post ctDNA) in resectable PDAC.

Methods

Patient characteristics

Surgical specimens and plasma samples were obtained 
from a total of 73 patients with pancreatic lesions at 

the Peking University Cancer Hospital between June 
2016 and May 2017. Among these patients, 35 cases 
were reported as PDAC by postoperative pathology 
and were involved in our study. Thirty-eight cases 
reported as either pancreatic neuroendocrine neoplasm, 
duodenal papillary carcinoma, or benign pancreatic 
tumors were eliminated. All 35 PDAC patients were 
Chinese and agreed to pancreaticoduodenectomy or total 
pancreaticoduodenectomy through the Department of 
Hepato-Pancreato-Biliary Surgery, Peking University 
Cancer Hospital. The pathologic stage of residual tumours 
(R) was determined according to the eighth edition of the 
AJCC cancer staging for pancreatic cancer. R0 resections 
showed no tumour residues, and R1 resections showed 
microscopically positive margins (23,24). All 35 patients 
with PDAC in our study received R0 resection, but not R1 
resection. And patients did not receive anticancer treatment 
before the operation. The details of these patients are 
listed in Table 1. This study was approved by the Ethics 
Committee of Beijing Cancer Hospital and carried out in 
accordance with the approved guidelines. All the patients 
agreed to the study and signed written informed consent.

DNA extraction and sanger sequencing

All fresh tissue samples, preserved in liquid nitrogen, 
were obtained during surgery and not from biopsy. Tissue 
DNA was extracted from 35 pairs of resectable PDAC 
patients using EasyPure Genomic DNA Kits (TransGen 
Biotech, Beijing, China) according to the manufacturer’s 
instructions. The DNA concentration was determined by 
NanoDrop 2000 (Thermo Fisher Scientific, Waltham, MA, 
USA). DNA KRAS mutations (G12V, G12D and G12R) 
were identified by Sanger sequencing. Primer sequences 
were as follows: 
	Forward: 5'-GCAGAACAGCAGTCTGGCTA-3';
	Reverse: 5'-TGGACCCTGACATACTCCCA -3'.

Plasma samples and extraction of ctDNA

A total of 35 pairs of peripheral plasma samples were 
collected from 35 resectable PDAC patients one day 
before surgery and ten days after surgery. Blood samples 
(5 mL) were placed in EDTA-containing tubes and 
processed within 2 hours after collection. Blood was 
separated via centrifugation at 1,900 g for 10 min at 4 ℃ 
and centrifuged at 16,000 g for 10 min at 4 ℃ to eliminate 
cell debris. And ctDNA was isolated from 2 mL of plasma 
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using the QIAamp Circulating Nucleic Acid Kit (Qiagen, 
QIAGEN Strasse 1, 40724 Hilden, Germany) according 
to the manufacturer’s instructions. The plasma ctDNA 
concentration was quantified using a Qubit® 2.0 fluorometer 
(Thermo Fisher Scientific, Waltham, MA, USA). Plasma 
ctDNA samples were stored at −80 ℃ until further use.

Plasma ctDNA KRAS mutations via digital PCR 

We used a QuantStudio™ 3D Digital PCR System (Thermo 
Fisher Scientific, Waltham, MA, USA) to detect plasma 
ctDNA KRAS Mutations by QuantStudi™ 3D Digital 
PCR 20K Chip. In brief, reactions were transferred to each 
labeled reaction tube in 15 µL of reaction volume, which 
consisted of 5 µL of extracted plasma ctDNA, 7.5 µL of 
Master Mix v2 (2×), 0.375 µL of TaqMan® Digital PCR 
Liquid Biopsy Assays, and 2.125 µL of nuclease-free water. 
The digital PCR cycling protocol was as follows: 96 ℃ for 
10 minutes, 39 cycles at 60 ℃ for 2 minutes and 98 ℃ for 
30 seconds, 60 ℃ for 2 minutes, and a final step at 10 ℃ to 
infinity. QuantStudio™ 3D AnalysisSuite™ Software was 
used to analyze the data.

In this study, we performed digital PCR on the three 
most common KRAS mutations in codon 12 (G12V, G12D, 
and G12R) because these three types of KRAS mutations 
encompass nearly all KRAS mutations in pancreatic  
cancer (25). And our tissue samples revealed that only these 
three types of KRAS mutations were detected by Sanger 

Table 1 Clinicopathological characteristics of 35 patients with 
resectable PDAC 

Clinicopathological characteristics No. of patients (%) or range

Age (years) 63 (range, 35–81)

<63 15 (42.9)

≥63 20 (57.1)

Tumor size (cm) 3.6 (range, 1.5–7.1)

<3.6 13 (37.1)

≥3.6 22 (62.9)

Sex

Male 18 (51.4)

Female 17 (48.6)

Resection status

R0 35 (100.0)

R1 0 (0)

Smoking history

No 27 (77.1)

Yes 8 (22.9)

History of alcohol consumption

No 30 (85.7)

Yes 5 (14.3)

Lymph node metastasis

No 15 (42.9)

Yes 20 (57.1)

Vascular thrombosis

No 27 (77.1)

Yes 8 (22.9)

Nerve invasion

No 4 (11.4)

Yes 31 (88.6)

Pathological differentiation

Well/moderate 19 (54.3)

Poorly 16 (45.7)

Stage

I 3 (8.57)

II 29 (82.9)

III 3 (8.57)

IV 0 (0)

Table 1 (continued)

Table 1 (continued)

Clinicopathological characteristics No. of patients (%) or range

CA19-9 (U/mL) 717.39 (range, 0.60–4,408)

<717.39 23 (65.7)

≥717.39 12 (34.3)

CEA (ng/mL) 5.49 (range, 0.46–25.25)

<5.49 26 (74.3)

≥5.49 9 (25.7)

CA72-4 (U/mL) 6.14 (range, 0.57–61.97)

<6.14 27 (77.1)

≥6.14 8 (22.9)

CA242 (U/mL) 59.71 (range, 0.39–290.40)

<59.71 22 (62.9)

≥59.71 13 (37.1)

PDAC, pancreatic ductal adenocarcinoma.
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sequencing. 
The digital PCR probe sequences were as follows: 
	G12V(KRAS_520,VIC(wild-type)/FAM(mutant-type): 

CGTCAAGGCACTCTTGCCTACGCCA[C/A]
CAGCTCCAACTACCACAAGTTTATA);

	G 1 2 D ( K R A S _ 5 2 1 , V I C / F A M : 
CGTCAAGGCACTCTTGCCTACGCCA[C/T]
CAGCTCCAACTACCACAAGTTTATA);

	G 1 2 R ( K R A S _ 5 1 8 , V I C / F A M : 
GTCAAGGCACTCTTGCCTACGCCAC[C/G]
AGCTCCAACTACCACAAGTTTATAT). 

Statistical analysis

In our data analysis, the abundance of KRAS mutations 
is defined by FAM/(FAM + VIC). The pre-post ctDNA 
is defined by pre-ctDNA abundance − post-ctDNA 
abundance. Therefore, a positive value from this calculation 
represents a decrease in the number of KRAS mutations 
after surgery (i.e., pre-post ctDNA −). A negative value for 
the difference in pre-ctDNA and post-ctDNA indicates an 
increase in the number of KRAS mutations after surgery (i.e., 
pre-post ctDNA +).

Patients with resectable PDAC were subjected to 
statistical analyses based on the following variables: 
age, sex, tumor size, smoking history, history of alcohol 
consumption, lymph node metastasis, vascular thrombosis, 
nerve invasion, pathological differentiation, stage, CA19-
9, CEA, CA72-4, CA242, tDNA (G12R, G12V or G12D), 
pre-ctDNA (G12R, G12V or G12D), post-ctDNA (G12R, 
G12V or G12D), and pre-post ctDNA (G12R, G12V or 
G12D). Statistical analysis was performed using Kappa 
and McNemar’s tests to analyze the consistency of KRAS 
mutations between surgical tDNA and pre-ctDNA. 
Statistical analysis was performed using Chi-square test and 
Fisher’s Exact Test to analyze the correlations between pre-
ctDNA or post-ctDNA and clinicopathological parameters.

All 35 patients were evaluated for overall survival (OS) 
and progression-free survival (PFS). OS was defined as 
the elapsed time between the inclusion date and death 
due to any cause. PFS was defined as the elapsed time 
between the date of inclusion and the date of tumor 
progression. All 35 patients did not die within 30 days after 
surgery. After a median follow-up time of 12.4 months  
(range, 6.1–17.2 months), 8 (22.9%) patients died. The 
Kaplan-Meier method was used to analyze OS or PFS, and 
log-rank test was used to estimate the difference. On the 
basis of the log-rank test, variables with P values less than 

0.05 were maintained in the multivariate Cox proportional 
hazards regression model. All statistical analyses were 
performed using IBM SPSS statistics version 20. Missing 
data were automatically excluded from the analyses. 

Results

Consistency of KRAS mutations between tDNA and pre-
ctDNA

KRAS mutations were detected in 31 of 35 tDNA samples 
(88.6%). The frequencies of the G12R, G12V, and G12D 
mutations and wild-type KRAS alleles were 5 of 35 (14.3%), 
13 of 35 (37.1%), 13 of 35 (37.1%), and 4 of 35 samples 
(11.4%), respectively.

The two-dimensional histogram of the digital PCR 
assay for KRAS amplification is shown in Figure 1. KRAS 
mutations in pre-ctDNA were seen in 23 of 35 samples 
(65.7%). The frequencies of the G12R, G12V, and G12D 
mutations and wild-type KRAS alleles were 3 of 35 (8.57%), 
10 of 35 (28.6%), 10 of 35 (28.6%), and 12 of 35 samples 
(34.3%), respectively. KRAS mutations were consistent 
between tDNA and pre-ctDNA in 27 of 35 samples (77.1%, 
kappa index =0.397, P=0.003; Table 2).

Correlations between pre-ctDNA or post-ctDNA and 
clinicopathological parameters

Pre- and post-ctDNA showed statistically significant 
associations with CA19-9 levels before surgery (P=0.027 and 
P=0.003, respectively). However, no significant correlations 
between pre- and post-ctDNA and age, sex, tumor size, 
smoking history, history of alcohol consumption, lymph 
node metastasis, vascular thrombosis, nerve invasion, 
pathological differentiation, stage, CEA, CA72-4, and 
CA242 were found (Table 3).

Univariate and multivariate analyses of the association 
between pre-, post-, and pre-post ctDNA and overall 
survival and progression-free survival

Univariate analyses of pre-ctDNA demonstrated that 
G12V in tDNA, G12D in tDNA, and G12V in pre-ctDNA 
showed significant associations with OS (P=0.010, P=0.044, 
and P=0.002, respectively). G12V in tDNA and G12V in 
pre-ctDNA were significant predictors of PFS (P=0.008 and 
P=0.0004, respectively). Multivariate analyses demonstrated 
that G12V in pre-ctDNA might be an independent 
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Figure 1 Two-dimensional histogram of digital PCR assay for KRAS amplification. FAM (blue), VIC (red) and NO-AMP (yellow) 
fluorescence levels were plotted for each data point. Clusters in the blue, red and yellow halves of the plot represent mutant-type KRAS, 
wild-type KRAS and no KRAS amplification, respectively. (A) G12R(−), (B) G12R(+), (C) G12V(−), (D) G12V(+), (E) G12D(−), (F) G12D (+).
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Table 2 Consistency of KRAS mutations between tDNA and pre-ctDNA

KRAS in tDNA
KRAS in pre-ctDNA

Total (%) Kappa test Concordance (%)
Positive (%) Negative (%)

Positive (%) 23 (65.7) 8 (22.9) 31 (88.6) Kappa =0.397;  
P=0.003

77.1

Negative (%) 0 (0) 4 (11.4) 4 (11.4)

Total (%) 23 (65.7) 12 (34.3) 35 (100)

PDAC, pancreatic ductal adenocarcinoma.

Table 3 Correlations between pre-ctDNA or post-ctDNA and clinicopathological parameters

Clinicopathological 
parameters

Pre-ctDNA (N=35) Post-ctDNA (N=35)

Negative group Positive group P value Negative group Positive group P value

Age (years) 0.721 1.000

<63 6 9 8 7

≥63 6 14 11 9

Sex 0.075 1.000

Female 3 14 9 8

Male 9 9 10 8

Tumor size (cm) 0.463 0.197

<3.6 3 10 5 8

≥3.6 9 13 14 8

Smoking history 0.091 0.700

No 7 20 14 13

Yes 5 3 5 3

History of alcohol 
consumption

0.313 1.000

No 9 21 16 14

Yes 3 2 3 2

Lymph node 
metastasis

1.000 0.506

No 5 10 7 8

Yes 7 13 12 8

Vascular thrombosis 0.685 0.700

No 10 17 14 13

Yes 2 6 5 3

Nerve invasion 0.594 1.000

No 2 2 2 2

Yes 10 21 17 14

Table 3 (continued)
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Table 3 (continued)

Clinicopathological 
parameters

Pre-ctDNA (N=35) Post-ctDNA (N=35)

Negative group Positive group P value Negative group Positive group P value

Differentiation 1.000 0.500

Poorly 5 11 10 6

Well/moderate 7 12 9 10

Stage 1.000 1.000

I/II 11 21 17 15

III/IV 1 2 2 1

CA19-9 (U/mL) 0.027* 0.003*

<717.39 11 12 17 6

≥717.39 1 11 2 10

CEA (ng/mL) 0.450 0.245

<5.49 10 16 16 10

≥5.49 2 7 3 6

CA72-4 (U/mL) 1.000 0.700

<6.14 9 18 14 13

≥6.14 3 5 5 3

CA242 (U/mL) 1.000 0.179

<59.71 8 14 14 8

≥59.71 4 9 5 8

After analysis, P values are significant at less than 0.05. Significant values are shown in *. CEA, carcinoembryonic antigen.

Figure 2 Correlation of KRAS mutation G12V in pre-ctDNA with postoperative survival of PDAC patients. KRAS mutation G12V in pre-
ctDNA significantly correlated with overall survival (A) and progression-free survival (B).
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predictor of PFS and OS. The OS and PFS curves for 
G12V in pre-ctDNA are shown in Figure 2.

For post-ctDNA, the univariate analyses demonstrated 

that G12V in tDNA, G12D in tDNA, and G12V in 
post-ctDNA were significant predictors of OS (P=0.010, 
P=0.044, and P=0.001, respectively). Moreover, G12V in 
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tDNA and G12V in post-ctDNA (P=0.008 and P=0.0005, 
respectively) showed significant associations with PFS. 
Multivariate analyses revealed that G12V in post-ctDNA 
might be an independent predictor of PFS and OS. The 
OS and PFS curves for G12V in post-ctDNA are shown in 
Figure 3.

For  pre-pos t  c tDNA,  the  un ivar i a te  ana lyses 
demonstrated that G12V in tDNA, G12D in tDNA, G12V 
in pre-post ctDNA, and G12D in pre-post ctDNA were 
significant predictors of OS (P=0.010, P=0.044, P<0.0001, 
and P=0.034, respectively). Moreover, G12V in tDNA, 
G12V in pre-post ctDNA, and G12D in pre-post ctDNA 
were significant factors associated with PFS (P=0.008, 
P=0.0005, and P=0.027, respectively). Multivariate analyses 
showed that G12V or G12D in pre-post ctDNA might be 
independent predictors of OS and PFS. The OS and PFS 
curves for G12V and G12D in pre-post ctDNA are shown 
in Figure 4.

The results of the univariate and multivariate analyses 
of the association between OS and PFS in patients with 
resectable PDAC and ctDNA are listed in Tables 4,5.

Discussion

In the current study, we found that ctDNA detection 
in PDAC and its expression level dynamics can be 
used to determine prognosis and monitor disease (26). 
Significant progress in the comparative analysis of KRAS 
gene expression in plasma and tissue in pancreatic cancer 
has been made. Kinugasa et al. reported that the KRAS 
mutation rates in endoscopic ultrasound-guided fine-needle 
aspiration biopsy tDNA and pre-ctDNA were 74.7% and 
62.6%, respectively, with a consistency rate of 58 of 75 

samples (77.3%) (27). In our study, the KRAS mutation 
rates in tDNA and pre-ctDNA were 88.6% and 65.7%, 
respectively, and the consistency rate of KRAS mutations 
between tDNA and pre-ctDNA was 27 of 35 samples 
(77.1%, kappa index =0.397, P=0.003). Our findings indicate 
good but not high consistency between tDNA and pre-
ctDNA. This may be due to the small sample size of this 
study. Therefore, a future study with a larger sample size is 
needed to verify consistency. Another conceivable reason 
may be the limitations of ctDNA detection. If the tumor is 
not affected by other factors such as tumor progression or 
metastasis, ctDNA may not be released into the blood and 
cannot be detected.

Currently, serum protein biomarker levels such as CA19-
9 are used to monitor and evaluate the treatment of patients 
with PDAC; CA19-9 levels before surgery are inversely 
associated with survival. In our study, we found significant 
correlations between pre-ctDNA, post-ctDNA, and CA19-9  
levels before surgery. The results of our analyses suggest 
that the higher the CA19-9 level before surgery, the 
higher the positive rate of ctDNA before or after surgery. 
Therefore, in patients with PDAC, the dynamic monitoring 
of ctDNA before and after surgery and CA19-9 levels 
before surgery are complementary and have a good clinical 
diagnostic value.

Previous research has indicated that the reason the 
postoperative levels of ctDNA in PDAC are lower than 
those of preoperative ctDNA may be a significant reduction 
in tumor burden. Moreover, the increase in postoperative 
ctDNA may be due to ctDNA release caused by tissue 
injury during surgery. Another conceivable reason for the 
increase in postoperative ctDNA levels may be recurrence 
or tumor metastasis (28). Importantly, most studies on 
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Figure 3 Correlation of KRAS mutation G12V in post-ctDNA with postoperative survival of PDAC patients. KRAS mutation G12V in 
post-ctDNA significantly correlated with overall survival (A) and progression-free survival (B).
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ctDNA in PDAC only reported on the correlation between 
pre-ctDNA and OS, lacking post-ctDNA for comparison. 
Therefore, we focused on the dynamic changes in ctDNA 
before and after surgery to allow for such a comparison. 
The dynamic observation of ctDNA can provide more 
information on the effects of treatment and the treatment 
strategy in patients with PDAC. Our study suggests that 
dynamic changes in ctDNA before and after surgery may be 
a very effective and sensitive indicator for PDAC.

Hadano et al. reported that, among 105 PDAC patients 
who underwent pancreatoduodenectomy, the length of 
OS was 13.6 months in patients with ctDNA mutations 
and 27.6 months in those without ctDNA mutations. 
Patients with ctDNA mutations had a significantly poorer 
prognosis with respect to OS (29). Our study found that the 
G12V mutation in pre-ctDNA, post-ctDNA, and pre-post 
ctDNA was associated with OS or PFS, and might be an 
independent prognostic factor of OS and PFS. Therefore, 
patients with resectable PDAC with the ctDNA G12V 
mutation in pre-ctDNA or post-ctDNA may have a poorer 

prognosis. Our results also showed that patients with PDAC 
with an increase in the abundance of pre-ctDNA and post-
ctDNA (G12V or G12D) may have a worse prognosis than 
patients with a decrease in ctDNA KRAS mutations (G12V 
or G12D). A conceivable reason for this finding may be that 
the basal GTPase activity of G12V is approximately one-
quarter that of G12D and one-tenth that of wild-type KRAS 
(30-32). Moreover, Rat-1 cells carrying the G12V mutation 
are more aggressive than wild-type KRAS cells or those with 
other mutations (33). 

There are some limitations to our study. First, the sample 
size was small. We will enroll a larger number of patients in 
a future study to provide more evidence for our conclusion. 
Second, we selected the most common KRAS mutations 
in this study. More targeted mutations will be included in 
the future. Third, no negative controls were included in 
this study. In the future, negative controls will be added 
to minimize the false positive rate of ctDNA detected by 
digital PCR. Overall, we hope that the findings of our 
current study can be confirmed in future studies.
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Figure 4 Correlation of KRAS mutations (G12V, G12D) in pre-post ctDNA with postoperative survival of PDAC patients. KRAS mutation 
G12V in pre-post ctDNA significantly correlated with overall survival (A) and progression-free survival (B). KRAS mutation G12D in pre-
post ctDNA significantly correlated with overall survival (C) and progression-free survival (D).
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Table 4 Univariate analyses of OS and PFS of patients ctDNA with resectable PDAC

Factors Parameter N=35 P value in OS P value in PFS

Age (years) <63/≥63 15/20 0.337 0.456

Sex Male/Female 18/17 0.889 0.866

Tumor size (cm) <3.6/≥3.6 13/22 0.184 0.174

Smoking history No/yes 27/8 0.843 0.765

History of alcohol consumption No/yes 30/5 0.137 0.143

Lymph node metastasis No/yes 15/20 0.899 0.957

Vascular thrombosis No/yes 27/8 0.857 0.613

Nerve invasion No/yes 4/31 0.850 0.942

Pathological differentiation Well, moderate/poorly 19/16 0.572 0.626

Stage I, II/III, IV 32/3 0.301 0.363

CA19-9 (U/mL) <717.39/≥717.39 23/12 0.979 0.766

CEA (ng/mL) <5.49/≥5.49 26/9 0.680 0.577

CA72-4 (U/mL) <6.14/≥6.14 27/8 0.920 0.904

CA242 (U/mL) <59.71/≥59.71 22/13 0.934 0.872

KRAS in tDNA G12R/G12V, G12D, wild-type 5/30 0.899 0.945

G12V/G12R, G12D, wild-type 13/22 0.010* 0.008*

G12D/G12V, G12R, wild-type 13/22 0.044* 0.072

Change factors

KRAS in pre-ctDNA G12R/G12V, G12D, wild-type 3/32 0.696 0.806

G12V/G12R, G12D, wild-type 10/25 0.002* 0.0004*

G12D/G12V, G12R, wild-type 10/25 0.660 0.652

KRAS in post-ctDNA G12R/G12V, G12D, wild-type 3/32 0.515 0.634

G12V/G12R, G12D, wild-type 8/27 0.001* 0.0005*

G12D/G12V, G12R, wild-type 5/30 0.649 0.779

KRAS in pre-post ctDNA G12R/G12V, G12D, wild-type 16/19 0.380 0.277

G12V/G12R, G12D, wild-type 6/29 <0.0001* 0.0005*

G12D/G12V, G12R, wild-type 6/29 0.034* 0.027*

After analysis, P values are significant at less than 0.05. Significant values are shown in *. PDAC, pancreatic ductal adenocarcinoma; OS, 
overall survival; PFS, progression-free survival; CEA, carcinoembryonic antigen.
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Conclusions

In summary, our research has demonstrated that post-
ctDNA targeted KRAS mutations (G12V) and an increase 
in the abundance of pre-ctDNA and post-ctDNA (G12V or 
G12D) may be related to disease progression and a worse 
prognosis for PDAC. Furthermore, our study suggests the 
G12V KRAS mutation in pre-ctDNA, post-ctDNA, or pre-
post ctDNA may be an independent prognostic factor in 
either univariate or multivariate analyses of OS or PFS. In 
addition, we also confirm that pre-ctDNA was concordant 
with tDNA and that pre-ctDNA targeted KRAS mutations 
(G12V) may be related to disease progression and a worse 
prognosis for PDAC. 
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