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Introduction: Liquid biopsy in solid tumors is a major milestone 
in the field of precision oncology by analyzing circulating tumor 
cells in peripheral blood and genomic alterations. DNA damage 
repair gene (DDR) mutations have been reported in 25 to 40% 
of prostatic cancers and > 50% of non-small cell lung cancers 
(NSCLC). Tp53 mutation has been found to be associated with 
a poor prognosis and increased germline mutations. We herein 
present a quality assurance study for the utility of liquid biopsies 
with frequency of DDR, Tp53, and androgen receptor (AR) muta-
tions and the clinical impact in advanced lung and prostate can-
cers in the veteran patient population; these quality assurance 
observations are the study endpoints.
Methods: We reviewed documentation from advanced cancer 
biomarker tests on liquid biopsies performed at the Corporal 
Michael J. Crescenz Veteran Affairs Medical Center in Philadel-
phia, Pennsylvania, from May 2019 to April 15, 2020.

Results: Mutations were detected in 29 of 31 (93.5%) liquid 
biopsies, hence, 29 liquid biopsies had sufficient ctDNA for 
analysis. Notable mutations were found in 23 cases (79.3%), ir-
respective of the cancer type showed. Of 21 prostate cancers 
biopsies 4 (19.0%) biomarker test directed the targeted therapy 
to driver mutations of the AR gene. Gene mutations from the 

DDR gene family were detected in 8 of 23 (34.7%) advanced 
prostate and lung cancer liquid biopsies, and in 6 of 21 (28.5%) 
prostate cancer cases indicating poor outcome and possi-
ble resistance to the current therapy. Irrespective of the can-
cer type, 15 of 23 (65.2%) patients harbored Tp53 mutations, 
which is much more frequent than is documented in the litera-
ture. Of 31 patients, 15 (48.4%) were Vietnam era veterans with 
the potential of Agent Orange exposure and, 20 of 31 (64.5%) 
had a smoking history. Seven (46.6%) of the Vietnam era veter-
ans with potential exposure to Agent Orange were positive for 
Tp53 mutations irrespective of the cancer type.

Conclusion: The minimally invasive liquid biopsy shows a great 
promise as a diagnostic and prognostic tool in the personalized 
clinical management of advanced prostate and NSCLC in vet-
eran patient population with unique demographic character-
istics. Difference in frequency of the genetic mutations (DDR, 
TP53, AR) in this cohort provides valuable information for dis-
ease progression, lack of response, mechanism of resistance 
to the implemented therapy and clinical decision making. Preci-
sion oncology can be further tailored for this cohort by focusing 
on DNA repair genes and Tp53 mutations in future for personal-
ized targeted therapy.
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T he advent of liquid biopsies targeting 
genetic mutations in solid tumors is a 
major milestone in the field of precision 

oncology.1 Conventional methods of obtain-
ing tissue for molecular studies are limited 
by sample size and often do not represent 
the entire bulk of the tumor.2 This newer 
minimally invasive, revolutionary technique 
analyzes circulating cell-free DNA carrying 
tumor-specific alterations (circulating tumor 
DNA [ctDNA]) in peripheral blood and de-
tects signature genomic alterations.1 Tp53 
mutations have been reported in 25 to 40% 
of prostatic cancers and > 50% of non-small 
cell lung cancers (NSCLC), being more com-
mon in late-stage and hormone refractory 
prostate cancers.3,4 Tp53 mutation has been 
found to be associated with poor prognosis 
and increased germline mutations.5 

The veteran patient population has dis-
tinct demographic characteristics that make 
veterans more vulnerable to genetic muta-
tions and malignancies, including risk of ex-

posure to Agent Orange, smoking, substance 
abuse, and asbestos. This area is understud-
ied and extremely sparse in the literature for 
frequency of genetic mutations, risk factors 
in solid malignancies occurring in the vet-
eran patient population, and the clinical im-
pact of these risk factors. We herein present 
a quality assurance study for the utility of liq-
uid biopsies regarding the frequency of DNA 
damage repair (DDR) gene, Tp53, and an-
drogen receptor (AR) mutations. The clinical 
impact in advanced lung and prostate can-
cers in the veteran patient population and 
frequency are the quality assurance observa-
tions that are the study endpoints.

METHODS
We reviewed for quality assurance docu-
mentation from the Foundation Medicine 
(www.foundationmedicine.com) cancer bio-
marker tests on liquid biopsies performed 
at the Corporal Michael J. Crescenz Vet-
eran Affairs Medical Center in Philadelphia, 
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Pennsylvania from May 2019 to April 15, 
2020. All biopsies were performed on can-
cers with biochemical, imaging or tissue ev-
idence of advanced tumor progression.  The 
testing was performed on advanced solid 
malignancies, including NSCLC, prostate ad-
enocarcinoma, and metastatic colon cancer. 
Statistical data for adequacy; cases with no-
table mutations; frequency; and type of mu-
tations of AR, DDR, and Tp53 were noted. 
General and specific risk factors associated 
with the veteran patient population were 
studied and matched with the type of muta-
tions (Table 1). 

RESULTS
Thirty-one liquid biopsies were performed 
over this period—23 for prostate cancer,  
7 for patients with lung cancer patients, and 
1 for a patient with colon cancer. Of 31 cases, 
sensitivity/adequacy of liquid biopsy for ge-
netic mutation was detected in 29 (93.5%) 
cases (Figure 1). Two inadequate biop-
sies (both from patients with prostate can-
cer) were excluded from the study, leaving 
29 liquid biopsies with adequate ctDNA for 
analysis that were considered for further sta-
tistical purpose—21 prostate, 7 lung, and  
1 colon cancer. 

Multiple (common and different) genetic 
mutations were identified; however, our 
study subcategorized the mutations into the 
those that were related to prostate cancer, 
lung cancer, and some common mutations 
that occur in both cancers. Only the signifi-
cant ones will be discussed in this review and 
equivocal result for AR is excluded from this 
study. Of the 21 prostate cancers, 4 (19.0%) 
had directed the targeted therapy to driver 
mutation (AR being most common in pros-
tate cancer), while KRAS mutation, which 
was more common in lung cancer, was de-
tected in 2/7 (28.6%) lung cancers. Muta-
tions common to both cancer types were 
DDR gene mutations, which is a broad name 
for numerous genes including CDK12, ATM, 
and CHEK2. 

Of all cases irrespective of the cancer type, 
23/29 (79.3%) showed notable mutations. 
DDR gene mutations were found in 6 of 21 
(28.5%) patients with prostate cancer and  
8 of 23 (34.7%) patients with advanced pros-
tate and lung cancers, indicating poor out-
come and possible resistance to the current 

therapy. Of 23 patients showing mutations 
irrespective of the cancer type, 15 (65.2%) 
harbored Tp53 mutations, which is much 
more frequent in veteran patient popula-
tion when compared with the literature. Fif-
teen of the 31 (48.4%) total patients were 
Vietnam War-era veterans who were po-
tentially exposed to Agent Orange and  
20 (64.5%) patients who were not Vietnam 
War-era veterans had a history that included 
smoking (Figure 2).

DISCUSSION
The veteran patient population is a unique 
cohort due to its distinct demographic char-
acteristics with a high volume of cancer 
cases diagnosed each year. According to data 
from VA Central Cancer Registry (VACCR), 
the most frequently diagnosed cancers are 
prostate (29%) and lung (18%).6

Liquid biopsy is a novel, promising tech-
nology that uses ctDNA and circulating 
tumor cells in peripheral blood for detecting 
genetic alterations through next generation 
sequencing.7-9 The advent of this minimally 
invasive, revolutionary technology has been 
a breakthrough in the field of precision on-
cology for prognosis, to monitor treatment 
response or resistance to therapy and further 
personalize cancer therapy.9,10 

Comprehensive genomic profiling 
by liquid biopsy has many advantages 
over the molecular studies performed 
on tissue biopsy. Due to the tumor het-
erogeneity,  t issue samples may not 
represent the full profile of the tumor ge-
nomics of cancer, while liquid biopsy has full  

FIGURE 1 Utility of Liquid Biopsies Performed in Veteran 
Patient Population

Adequacy of Liquid Biopsies,  
% (No.)

6.5%
(2)

93.5% (29) 79.3% (23)
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% (No.)
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Liquid Biopsies

Patient
Cancer  

Type 

Possible 
Agent Orange 

Exposure
Tobacco Use  

History

Latest 
Posttherapy 

PSAa
Gleason Score 

+ Grade Mutations
Race/ 

Ethnicity

1 Prostate Yes Yes 297 Metastatic AR, CDK12, CTNNB1, TP53 Black

2 Prostate Yes No 395 4+4 None White

3 Prostate Yes Yes 921 4+5 ATM, TP53 Black

4 Prostate No No 1870 Unknown AR equivocal, TP53 Black

5 Prostate Yes Yes 505 3+2 None Black

6 Prostate Yes Yes 33.2 Metastatic NF1, TP53 Black

7 Lung No Yes N/A Metastatic BRAF, CHEK2, TP53 Black

8 Prostate Yes No 5.8 4+3 ATM, TP53 White

9 Lung No Yes N/A NSCLC TP53 White

10 Lung No Yes N/A NSCLC STK11, TP53 Black

11 Prostate No No 120 Metastatic ATM, ERT, TP53 White

12 Prostate Yes No 503 Metastatic AR, CTNNB1 Black

13 Prostate Yes Yes 66 4+5 AR, CCND1, PIK3C2B Black

14 Lung Yes Yes N/A  NSCLC KRAS, ATM, CHEK2, TP53 White

15 Prostate No Yes 0.1 Metastatic CHEK2, TP53 White

16 Prostate No No 11 3+3 RET Black

17b Prostate No No 2,500 3+4 Unknown Unknown

18b Prostate Yes No 27 4+5 Unknown White

19 Prostate Yes yes 125 Metastatic NF1 Black

20 Prostate Yes No 27 4+5 TP53 White

21 Prostate No No 24.2 Unknown CHEK2, IDH2 Black

22 Prostate No Unknownc 209 9 AR, NF1, CDKN2, RB1, TP53 White

23 Lung No Yes N/A NSCLC None Black

24 Lung No No N/A NSCLC STK11, KRAS Black

25 Colon No Yes N/A Adenocarcinoma KRAS, PIK3CA, APC, CHEK2 Black

26 Prostate Yes Yes 35 3+3 APC, TP53 White

27 Prostate Yes Yes 13.6 3+2 TP53 Black

28 Lung Yes Yes N/A NSCLC None White

29 Prostate No Yes 30.3 4+3 None Black

30 Prostate No Yes 7.9 4+4 None Black

31 Prostate No Yes 0.5 Metastatic TERT Unknownc

Abbreviations: NSCLC, non-small cell lung cancer; PSA, prostate specific antigen.
aNo correlation of PSA levels was observed for advanced prostatic carcinoma. 34.8% of prostatic carcinoma in veteran patient population 
presented at de novo metastatic cancer compared with the general population (5-10%).32

bSample determined to be inadequate, hence total 29/31 were adequate.
cDate of diagnosis > 20 years.

TABLE 1 Demographics of Patients Receiving Liquid Biopsies
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presentation of the disease.11,12 Many times, 
tissue biopsy may be limited by a sample size 
that precludes full genetic profiling in ad-
dition to higher total cost, potential techni-
cal issues during processing, and possible 
side effects of the biopsy procedure.7,13 Addi-
tionally, as the tumor progresses, new driver 
mutations other than the ones previously  
detected on the primary tissue may emerge, 
which can confer resistance to the existing 
therapy.7,13

Advanced prostatic and lung carcino-
mas with biochemical, distant organ, or 
bony progression harbor unique signature 
genetic mutations indicating poor progno-
sis, lack of response or resistance to the ex-
isting therapy, and high risk of relapse.14,15 
Some of the unique characteristics of the 
veteran patient population include a more 
aged patient population multiple comor-
bidities, higher frequency of > 1 type of 
cancer, advanced cancer stage at presenta-
tion, and specific risks factors such as ex-
posure to Agent Orange in veterans who 
served during the Vietnam War era.16,17 We 
studied the utility of liquid biopsy in can-
cer care, including type and incidence of ge-
nomic alterations associated with advanced  
prostate and lung cancers, in this unique pa-
tient population. 

The amount of cell-free DNA (cfDNA), 
also known as ctDNA varies widely in can-
cer patients. Some of the factors associated 
with low concentration of cfDNA are disease 
stage, intervening therapy, proliferation rates, 
and tumor vascularization.18,19 In the periph-
eral blood, of the total cfDNA, fractions of 
cfDNA varies from 0.01 to 90%.18,19 All sam-
ples containing ≥ 20 ng cfDNA (20 - 100 ng) 
were subjected to the hybrid capture-based 
NGS FoundationACT assay.20 In our study,  
2 specimens did not meet the minimum cri-

teria of adequacy (20 ng cfDNA); however, 
the overall adequacy rate for the detection 
of mutation, irrespective of the cancer type 
was 29 of 31 (93.5%) with only 2 inadequate 
samples. This rate is higher than the rate re-
ported in the literature, which is about 70%.20

Significant differences were encoun-
tered in the incidence of DNA damage re-
pair genes including Tp53 mutations when 
compared with those in the general pa-
tient population (Table 2). According to 
recent National Comprehensive Cancer 
Network (NCCN) guidelines, all prostate 
cancers should be screened for DDR gene 
mutations as these genes are common in 
aggressive prostate cancers and strongly as-
sociated with poor outcomes and shortened 
survival. Due to relatively high frequency of 
DDR gene mutations in advanced prostatic 
cancers, liquid biopsy in patients with these 
advanced stage prostate cancers may be a 
useful tool in clinical decision making and 
exploring targeted therapy.20 

Mutations in BRCA2, ATM, CDK12, 
and CHEK2 (DDR gene family) are com-
mon. Incidence of ATM and CDK12 muta-
tions in the literature is 3 to 6% of cases.21 
Of 21 liquid biopsies of advanced prostate 
cancer patients, we found combined DDR 
gene mutation of ATM, CHEK2, and CDK12 
genes in 6 (28.5%) cases, which is substan-
tially higher than the 3 to 6% rate reported 
in the literature.21-24 Of the 23 patients who 
had notable mutations in our liquid biopsies, 
including both advanced prostate and lung 
cancer cases, 8 (34.7%) also showed muta-
tion of the genes of DDR family. Our study 
did not show BRCA2 mutation, which is  
otherwise common in the literature.

We also evaluated the frequency of the 
most commonly occurring genetic muta-
tions, Tp53 in advanced solid malignancies, 

TABLE 2 Genetic Mutations in Advanced Prostate and Lung Cancers Liquid Biopsies

Studies of Incidence of  
Mutation in Liquid Biopsies 

Incidence of BRCA2  
Mutation, %

Incidence of ATM, CHEK2, CDK12  
DNA Damage Repair Mutations, %

Robinson and colleagues21 12.7 22.7

Vandekerkhove and colleagues23 7.5 21

Pritchard and colleagues24 5.3 12-13

Our study 0 34.7
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especially advanced prostate and NSCLC. 
Previous studies have reported Tp53 mu-
tation in association with risk factors 
(carcinogens) of cancer and have been a 
surrogate marker of poor survival or lack of 
response of therapy.25 Knowledge of Tp53 
mutation is crucial for closer disease mon-
itoring, preparing the patient for rapid pro-
gression, and encouraging the physician 
to prepare future lines of therapy.25-27 Al-
though Tp53 mutation varies with his-
tologic type and tissue of origin, Beltran 
and colleagues reported it in 30 to 40% of  
tumors, while Robles and colleagues re-
ported about 40 to 42% incidence.25,27 

Our study showed notable mutations in 
23 of 29 adequate cases. Further, our study 
showed a high frequency of mutated Tp53 
in 65.2% of combined advanced prostate and 

NSCLC cases. We then correlated 
cases of Vietnam War-era veterans 
with risk potential of Agent Orange 
exposure and Tp53 mutation. We 
found 7 of 15 Vietnam War-era vet-
erans were positive for Tp53 mu-
tations irrespective of the cancer 
type. The high incidence of Tp53 
mutations in advanced prostate and 
lung carcinomas in the veteran pa-
tient population makes this tumor 
marker an aspiration not only as a 
surrogate of aggressive disease and 
tumor progression, but also as a key 
marker for targeted therapy in ad-
vanced prostate and lung cancers 
with loss of Tp53 function (Figure 
3). 

Mutations and amplifications 
in the AR gene are fundamental to 
progression of prostate cancer as-
sociated with advanced, hormone-
refractory prostate cancer with the 
potential for targeted therapy with 
AR inhibitors. In our study, AR am-
plification was detected in 4 of 21 
(19%) advanced prostate cancer 
cases, which is significantly lower 
than the 30 to 50% previously re-
ported in the literature.28-32 Neither 
AR amplification or mutation was 
noted in advanced NSCLC in our 
study as previously reported in lit-
erature by Brennan and colleagues 
and Wang and colleagues.33-35 This 

is significant as it provides a pathway for fu-
ture studies to focus on additional driver 
mutations for targeted therapies in advanced 
prostate carcinoma. To date, AR gene mu-
tation does not play a role for personalized 
therapy in advanced NSCLC. Perhaps, a 
large cohort study with longitudinal analysis 
is needed for absolutely ruling out the possi-
bility of personalized medicine in advanced 
lung cancer using this biomarker.  

CONCLUSIONS
Liquid biopsy successfully provides  
precision-based oncology and informa-
tion for decision making in this unique 
population of veterans. Difference in fre-
quency of the genetic mutations in this 
cohort can provide future insight into 
disease progression, lack of response, 
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and mechanism of resistance to the im-
plemented therapy. Future studies fo-
cused on this veteran patient population 
are needed for developing targeted ther-
apies and patient tailored oncologic 
therapy. ctDNA has a high potential for 
monitoring clinically relevant cancer- 
related genetic and epigenetic modifica-
tions for discovering more detailed in-
formation on the tumor characterization. 
Although larger cohort trial with longitu-
dinal analyses are needed, high prevalence 
of DDR gene and Tp53 mutation in our 
study instills promising hope for therapeu-
tic interventions in this unique cohort. 

The minimally invasive liquid biopsy 
shows a great promise as both diagnos-
tic and prognostic tool in the personalized 
clinical management of advanced prostate, 
and NSCLC in the veteran patient popula-
tion with unique demographic characteris-
tics. De novo metastatic prostate cancer is 
more common in veterans when compared 
with the general population, and therefore 
veterans may benefit by liquid biopsy. Dif-
ferences in the frequency of genetic mu-
tations (DDR, TP53, AR) in this cohort 
provides valuable information for disease 
progression, lack of response, mechanism 
of resistance to the implemented therapy 
and clinical decision making. Precision 
oncology can be further tailored for this 
cohort by focusing on DNA repair genes 
and Tp53 mutations for future targeted 
therapy.
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