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Abstract
The clinical utility of liquid biopsy (LB) for pancreatic ductal adenocarcinoma (PDAC) remain understudied. Our 
single-institution cohort of 311 PDAC patients with non-tumor tissues informed LB found 81.2% positivity (N = 186) 
in metastatic cases and in 52.4% (N = 43) of localized disease. KRAS mutations were detected in 64.6% (N = 148) of 
metastatic cases and 16% (N = 13) for localized disease. Positive LB, especially KRAS mutation detection, is associated 
with worse overall survival (OS) in metastatic PDAC (median 14.5 vs. 31.3 months, HR = 2.7, 95%CI = 1.7–4.3, 
P < 0.0001). The positive concordance rates of KRAS and TP53 mutations were 63% and 68% in metastatic disease 
but only 7% (KRAS) and 33% (TP53) in localized disease, respectively. Among the 41 patients who underwent 
serial liquid biopsy testing, 25% tested positive after an initial negative result. LB detects therapeutically targetable 
mutations in 58.5% of PDAC patients and is associated with OS.
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To the editor
KRAS is mutated in approximately 90% of pancre-
atic ductal adenocarcinoma (PDAC) including 35% 
KRASG12D, 30% KRASG12V, 15% KRASG12R, and 1-2% 
KRASG12C [1, 2]. KRASG12C inhibitors showed efficacy in 
PDAC and many KRAS inhibitors are in clinical develop-
ment [3–8]. We previously reported the KRAS mutation 
by tissue testing with PDAC outcome which is associated 
with worse overall survival (OS) [9]. The utility of liquid 
biopsy (LB) is promising in PDAC [10, 11]. CtDNA posi-
tive rate was 29.48% by tumor-informed whole exome 
sequencing (WES) in post-surgical PDAC patients on 
surveillance [12]. There are few real-world data on the 
non-tumor tissue informed liquid biopsy testing.

Results
We analyzed 311 PDAC patients underwent in-house 
non tumor informed ctDNA testing from 2018 to 2023 
at MD Anderson cancer center. 73% (N = 229) had meta-
static disease (Supplemental Methods, Table S1). The 
median follow-up was 34.9 months with median OS 22.5 
months (95% CI = 19.2–25.8). The median age at diagno-
sis was 64.9 years old. LB was positive in 81.2% (N = 186) 
of metastatic cases 52.4% (N = 43) of localized disease. 
KRAS mutations were detected in 64.6% (N = 148) meta-
static disease, followed by TP53 (57.6%, N = 132, Fig. 1-A). 

However, for localized disease, the most detected muta-
tion was TP53 (28%, N = 23), followed by KRAS (16%, 
N = 13) (Fig.  1-B). Median VAF in localized disease was 
significantly lower than metastatic disease, medians 
(interquartile range) = 0.29 (0.53) vs. 0.88 (3.78) respec-
tively, P < 0.001, Fig. 1-C). LB detected actionable muta-
tions in 58.5% (N = 182) of all patients tested according 
to the OncoKB therapeutic level of evidence classifica-
tion, with 3.9% (N = 12) at level 2, 44.1% (N = 137) at level 
3 A, 4.8% (N = 15) at level 3 B, and 5.8% (N = 18) at level 
4 (Fig.  1-D). The positive concordance rate for the sub-
set of patients underwent tissue biopsy testing (n = 116), 
was 63% (n = 50/80) for KRAS mutation, 68% (n = 43/63) 
for TP53 mutation, 26% (n = 5/19) for SMAD4, and 80% 
(n = 8/10) for CDKN2A in metastatic disease. Localized 
disease had lower positive concordance rate, with 7% 
(n = 2/27) for KRAS and 33% (n = 7/21) for TP53 (Table 
S2-3).

Positive LB was associated with worse OS (HR = 2.1, 
95%CI = 1.3–3.3, P = 0.0015) in metastatic disease 
(Fig. 2A). The OS difference was not significant (HR = 1.3, 
95%CI = 0.72–2.5, P = 0.36; Fig.  2B) in localized disease. 
Univariate COX regression analyses for OS in meta-
static cases showed that mutations in KRAS (HR = 2.8, 
95%CI = 1.9-4, P < 0.001), TP53 (HR = 2.19, 95%CI = 1.6–
3.1, P < 0.001), and CDKN2A (HR = 1.85, 95%CI = 1.2–2.9, 

Fig. 1  Mutations detected in LB and OS. A- Oncoplot for mutations detected in metastatic disease at LB. B- Oncoplot for mutations detected in localized 
disease at LB. C- Difference in median VAF of mutations detected in LB between localized disease and metastatic disease. D-Rates of actionable mutations 
detected in LB by OncoKB therapeutic levels
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P = 0.006) were associated with worse OS (Fig.  2-C-D). 
KRAS mutation detection in LB for metastatic disease 
was associated with worse OS (median 14.5 vs. 31.3 
months, HR = 2.7, 95%CI = 1.7–4.3, P < 0.001; Fig.  2-E) 
but the OS difference was not significant in localized 
disease (Figure S1-A). Notably, in metastatic cases with 
KRAS mutation detected by tumor tissue testing, KRAS 
detection in LB was associated with worse OS (HR = 2.57, 
95%CI = 1.42–4.63, P = 0.002; Fig. 2-F). The most frequent 
KRAS mutation detected was KRASG12D (N = 66, 41%), 
followed by KRASG12V (N = 58, 36%, Fig. 2-G). KRASG12D 
and KRASQ61 detection was associated with poorer OS in 
patients with positive liquid biopsy (Fig.  2-H), which is 
consistent with our previous findings in patients who had 
tissues testing [9].

Among 41 patients who underwent multiple LB tests, 
25% were initially ctDNA-negative then subsequently 
tested positive. None of the 22 patients with positive 
results converted to negative in the subsequent tests. 
Among 35 patients who received systemic treatment, 
patients with increased number of detected mutations 
(n = 16) had a trend of worse OS (median OS 22.9 months 
vs. 26.4 months) compared with decreased number of 

mutations (n = 3; HR = 2.1, 95%CI = 0.48–15.02, P = 0.37, 
Figure S1-B). Patients with increased VAF for KRAS 
(n = 18, median OS = 18.7 months) or TP53 (n = 13, 
median OS = 22.9 months) showed a tendency towards 
worse OS compared to patients with decreased VAF 
of KRAS (n = 8, median OS = 44.8 months; HR = 2.02, 
95%CI = 0.73–5.59, P = 0.18, Figure S2-A-C) or decreased 
VAF of TP53 (n = 4, median OS = 34 months; HR = 1.95, 
95%CI = 0.54–7.04, P = 0.31, Figure S2-D-F).

Conclusion
We found that 81.2% (N = 186) were LB positive in 
patients with metastatic disease and 52.4% (N = 43) posi-
tivity rate in localized disease of PDAC. KRAS mutations 
were detected in 64.6% (N = 148) of patients with meta-
static disease, while only 16% (N = 13) of patients had 
localized disease (Fig. 1). The detection of any mutation 
in LB was associated with worse OS in metastatic PDAC 
(Fig.  2). Moreover, KRAS mutations, especially KRAS-
G12Dand KRASQ61, were associated with worse OS (Fig. 2).

Fig. 2  Outcomes with positivity of LB and with KRAS mutations detection. A- OS with positive LB in metastatic disease. B- OS with positive LB in localized 
disease. C- Hazard ratios (HRs) of OS with mutation detection by LB in metastatic disease. D- HRs of OS with mutation detection in LB in localized disease. 
E- OS of patients with positive KRAS mutation vs. other mutations in LB for metastatic disease. F- OS of metastatic disease patients with positive KRAS 
mutation detected by tissue NGS stratified by KRAS mutation detection in LB. G- Frequencies of detected KRAS mutation subtypes. H- OS of patients with 
KRAS mutation detected in LB by KRAS mutation subtypes
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