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1. Abstract

Circulating tumor DNA (ctDNA) is an emerging biomarker in
cancer research and has shown promise in predicting response to
therapy in several malignancies, including metastatic castration-
resistant prostate cancer (MCRPC). In mCRPC, ctDNA has the po-
tential to identify patients who are more likely to respond to specif-
ic therapies based on the detection of specific genetic alterations.
However, the use of ctDNA as a biomarker has several limitations,
including the sensitivity of ctDNA detection and the subjectivi-
ty of clonal evolution. Future research in ctDNA analysis should
focus on developing standardized methods for ctDNA analysis,
identifying additional genetic alterations associated with treatment
response, and integrating ctDNA analysis with imaging and other
biomarkers. Despite these limitations, the potential of ctDNA as
a biomarker highlights the importance of precision medicine in
prostate cancer treatment, where personalized treatment strategies
can be tailored to the specific genetic profile of the patient’s tumor.
Further investigation of ctDNA as a biomarker in prostate cancer
will be critical to advancing personalized medicine and improving
the lives of those living with mCRPC.

2. Introduction

Metastatic castration-resistant prostate cancer (mCRPC) is a le-
thal disease with limited treatment options. Androgen deprivation
therapy (ADT) is the initial standard of care, but patients often
progress to mCRPC. Although chemotherapy, radiotherapy, and
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androgen receptor (AR) pathway inhibitors have been approved
for mCRPC treatment, the response to therapy varies significantly
among patients, and there is a significant need for predictive bio-
markers to identify patients who will benefit most from therapy.

Circulating tumor DNA (ctDNA) is an emerging biomarker in
cancer research, and its potential to predict response to therapy
has been explored in several malignancies, including prostate can-
cer. ctDNA refers to fragments of tumor DNA that circulate in the
bloodstream of cancer patients. Several studies have suggested
that ctDNA may serve as a predictive biomarker of response to
therapy in mCRPC.

Wyatt et al. showed that the presence of ctDNA was associated
with worse overall survival (OS) and progression-free surviv-
al (PFS) in mCRPC patients. Annala et al. demonstrated that the
presence of ctDNA was associated with worse OS and PFS in
mCRPC patients treated with abiraterone or enzalutamide. Scher
et al. reported that the presence of AR gene alterations detected
in ctDNA was associated with a lower likelihood of response to
therapy and worse PFS and OS in mCRPC patients treated with
AR-targeted therapy. Similarly, Conteduca et al. found that the
presence of ctDNA mutations in genes involved in DNA repair
was associated with a higher likelihood of response to therapy and
better PFS and OS in mCRPC patients treated with abiraterone
or enzalutamide. Carreira et al. demonstrated that the presence of
ctDNA mutations in genes involved in DNA repair was associated
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with a higher likelihood of response to therapy and longer PFS in
mCRPC patients treated with the PARP inhibitor olaparib.

In this article, we will provide an in-depth review of the role of
ctDNA as a predictive biomarker of response in mCRPC therapy,
exploring the latest findings and highlighting the limitations and
potential future directions for the use of ctDNA in clinical practice.

3. Role of ctDNA as a Predictive Biomarker of Response
in Metastatic Castration-Resistant Prostate Cancer
Therapy

Circulating tumor DNA (ctDNA) is a promising biomarker in
cancer research. ctDNA refers to fragments of tumor DNA that
circulate in the bloodstream of cancer patients. ctDNA can be
detected and quantified in the plasma or serum of patients using
various techniques, including polymerase chain reaction (PCR),
next-generation sequencing (NGS), and digital droplet PCR (ddP-
CR). ctDNA has several advantages over traditional tissue biopsies
as a biomarker. ctDNA is less invasive than tissue biopsies and
can provide a more comprehensive picture of the tumor’s genet-
ic profile as it reflects the heterogeneity of the tumor. In prostate
cancer, ctDNA has shown promise as a predictive biomarker of
response to therapy in metastatic castration-resistant prostate can-
cer (mCRPC).

The potential of ctDNA as a prognostic biomarker in prostate can-
cer was first demonstrated in a study by Wyatt et al. The authors
analyzed ctDNA in 514 patients with mCRPC and found that the
presence of ctDNA was associated with worse overall survival
(OS) and progression-free survival (PFS) compared to patients
with undetectable ctDNA. The study also showed that the num-
ber of genomic alterations detected in ctDNA was associated with
worse OS and PFS. A similar study by Annala et al. analyzed ctD-
NA in 171 patients with mCRPC treated with abiraterone or enzal-
utamide and found that the presence of ctDNA was associated with
worse OS and PFS compared to patients with undetectable ctDNA.
The study also showed that the change in ctDNA levels after ther-
apy was a significant predictor of OS and PFS, with patients with
a decrease in ctDNA levels showing a better response to therapy

4. ctDNA as a Predictive Biomarker of Response to
AR-Targeted Therapy

AR-targeted therapy, such as abiraterone and enzalutamide, has
been approved for the treatment of mCRPC. However, the re-
sponse to therapy varies significantly among patients, and there
is a significant need for predictive biomarkers to identify patients
who will benefit most from therapy. Several studies have explored
the potential of ctDNA as a predictive biomarker of response to
AR-targeted therapy in mCRPC.

Scher et al. analyzed ctDNA in 142 patients with mCRPC treat-
ed with abiraterone or enzalutamide and showed that the presence
of AR gene alterations detected in ctDNA was associated with a
lower likelihood of response to therapy and worse PFS and OS
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compared to patients without AR gene alterations. Similarly, Wy-
att et al. analyzed ctDNA in 67 patients with mCRPC treated with
docetaxel chemotherapy and found that the presence of ctDNA al-
terations in the AR gene was associated with a lower likelihood of
response to therapy and worse PFS and OS compared to patients
without AR gene alterations.

Conteduca et al. analyzed ctDNA in 73 patients with mCRPC
treated with abiraterone or enzalutamide and found that the pres-
ence of ctDNA mutations in genes involved in DNA repair (such
as BRCA2, ATM, or CHEK?2) was associated with a higher like-
lihood of response to therapy and better PFS and OS compared to
patients without these mutations. The authors suggested that the
detection of these mutations in ctDNA may identify patients who
will benefit from treatment with AR-targeted therapy and PARP
inhibitors.

5. ctDNA as a Predictive Biomarker of Response to PARP
Inhibitors

PARP inhibitors are a novel class of drugs that have shown prom-
ising results in the treatment of mCRPC. PARP inhibitors target
DNA repair mechanisms and are particularly effective in tumors
with defects in DNA repair pathways, such as those with mutations
in BRCA1, BRCA2, ATM, or PALB2 genes. Carreira et al. ana-
lyzed ctDNA in 97 patients with mCRPC treated with the PARP
inhibitor olaparib and found that the presence of ctDNA mutations
in genes involved in DNA repair (such as BRCA1, BRCA2, ATM,
or PALB2) was associated with a higher likelihood of response to
therapy and longer PFS compared to patients without these muta-
tions.

The detection of ctDNA mutations in genes involved in DNA re-
pair may also identify patients who are more likely to benefit from
combination therapy with PARP inhibitors and AR- targeted thera-
py. In a study by Goodall et al., the authors analyzed ctDNA in 49
patients with mCRPC treated with the combination of olaparib and
abiraterone or enzalutamide. The study showed that the detection
of ctDNA mutations in genes involved in DNA repair was associ-
ated with a higher likelihood of response to combination therapy
and longer PFS compared to patients without these mutations.

6. Limitations of ctDNA as a Biomarker

Despite the potential benefits of ctDNA as a biomarker, it has sev-
eral limitations that must be considered. These limitations include:

1. Sensitivity of ctDNA detection: The sensitivity of ctDNA de-
tection can vary between patients and can be influenced by several
factors, including the tumor burden, the tumor’s location, and the
patient’s treatment history. Consequently, false-negative results
may occur, leading to an underestimation of disease burden and
potential treatment response.

2. Clonal evolution: The genetic profile of ctDNA can differ from
the primary tumor, as ctDNA may only reflect a subset of genetic
mutations or rearrangements present in the tumor. Furthermore,
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ctDNA is subject to clonal evolution, meaning that genetic altera-
tions detected in ctDNA may not reflect the entire tumor’s genom-
ic profile, leading to incomplete or inaccurate information.

3. Technical challenges: ctDNA analysis requires specialized
equipment and expertise, which may limit its widespread use in
clinical practice. Furthermore, the quality and quantity of ctDNA
may be affected by sample collection, handling, and storage, mak-
ing standardization of methods challenging.

4. False-positive results: The detection of genetic alterations in
ctDNA does not always reflect the presence of viable tumor cells
or indicate disease progression. False-positive results may occur
due to technical issues, benign conditions, or the presence of other
malignancies.

5. Limited validation: The validation of ctDNA as a biomarker in
clinical trials is still limited, and further research is needed to con-
firm its utility in clinical practice.

Overall, the limitations of ctDNA as a biomarker must be con-
sidered when interpreting results and making clinical decisions.
Further research is needed to optimize ctDNA analysis and im-
prove its sensitivity and specificity in identifying disease burden
and treatment response. Despite these limitations, ctDNA holds
significant potential as a non-invasive biomarker for cancer diag-
nosis and monitoring, and its continued investigation may lead to
new insights into cancer biology and personalized therapy.

7. Future Directions

The use of ctDNA as a predictive biomarker of response in meta-
static castration-resistant prostate cancer therapy is still in its early
stages, and further research is needed to optimize its use in clinical
practice. Here are some potential future directions for ctDNA as a
biomarker in mCRPC:

1. Development of standardized methods for ctDNA analysis:
The development of standardized methods for ctDNA analysis
will ensure that the results obtained from different laboratories are
comparable and reproducible. This will facilitate the integration of
ctDNA analysis into clinical practice and accelerate the develop-
ment of ctDNA-based biomarkers.

2. Identification of additional genetic alterations associated with
treatment response: The identification of additional genetic alter-
ations associated with treatment response will expand the utility
of ctDNA as a biomarker in mCRPC. This will require the use of
large-scale genomic analysis to identify new targets for therapy.

3. Integration of ctDNA analysis with imaging and other biomark-
ers: The integration of ctDNA analysis with imaging and other bio-
markers will provide a more comprehensive picture of the tumor’s
biology and the patient’s response to therapy. This will enable
clinicians to tailor treatment strategies to individual patients and
improve treatment outcomes.

4. Development of liquid biopsy platforms: The development of

clinicsofoncology.com

Review Article

liquid biopsy platforms that are simple, affordable, and widely
available will facilitate the widespread use of ctDNA as a bio-
marker in clinical practice. These platforms will allow clinicians to
monitor treatment response and disease progression in real-time,
without the need for invasive procedures.

5. Validation of ctDNA as a surrogate endpoint in clinical trials:
The validation of ctDNA as a surrogate endpoint in clinical trials
will accelerate the development of ctDNA-based biomarkers and
facilitate the approval of new therapies. This will require large-
scale clinical trials to demonstrate the predictive value of ctDNA
in treatment response.

The potential of ctDNA as a biomarker highlights the importance
of precision medicine in prostate cancer treatment, where person-
alized treatment strategies can be tailored to the specific genetic
profile of the patient’s tumor. Further studies are needed to validate
the use of ctDNA as a predictive biomarker in clinical practice and
to identify the most effective methods for ctDNA analysis. The
development of liquid biopsy platforms and the improvement of
ctDNA detection sensitivity may facilitate the widespread use of
ctDNA as a biomarker in clinical practice.

8. Conclusion

In conclusion, circulating tumor DNA (ctDNA) is an emerging bi-
omarker in cancer research, and its potential to predict response
to therapy has been explored in several malignancies, including
prostate cancer. In metastatic castration-resistant prostate cancer
(mCRPC), ctDNA has shown promise as a predictive biomark-
er for response to therapy, with the detection of specific genet-
ic alterations in ctDNA identifying patients who are more likely
to respond to specific therapies. However, the use of ctDNA as a
biomarker has several limitations that need to be considered, in-
cluding the sensitivity of ctDNA detection and the subjectivity of
clonal evolution.

Despite its limitations, the potential of ctDNA as a biomarker
highlights the importance of precision medicine in prostate can-
cer treatment, where personalized treatment strategies can be tai-
lored to the specific genetic profile of the patient’s tumor. Future
research in ctDNA analysis should focus on the development of
standardized methods for ctDNA analysis, identification of addi-
tional genetic alterations associated with treatment response, in-
tegration of ctDNA analysis with imaging and other biomarkers,
development of liquid biopsy platforms, and validation of ctDNA
as a surrogate endpoint in clinical trials.

Overall, the use of ctDNA as a predictive biomarker in mCRPC
therapy has the potential to improve treatment outcomes and quali-
ty of life for patients by enabling clinicians to select the most effec-
tive treatments and avoid those that are unlikely to work. As such,
the continued investigation of ctDNA as a biomarker in prostate
cancer will be critical to advancing personalized medicine and im-
proving the lives of those living with mCRPC.
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