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Editorial

Using early on-treatment circulating tumor DNA measurements 
as response assessment in metastatic castration resistant 
prostate cancer

S.H. Tolmeijer, E. Boerrigter, N.P. Van Erp and Niven Mehra

Metastatic castration resistant prostate cancer 
(mCRPC) is lethal, but the number of life-prolonging 
systemic treatments available for mCRPC has expanded 
over the years [1]. Real world data suggest that the most 
common first-line therapy for mCRPC was treatment with 
an androgen receptor pathway inhibitor (ARPI), being 
either enzalutamide or abiraterone [2–4], although more 
patients will nowadays receive ARPI and/or docetaxel 
already for hormone sensitive prostate cancer (HSPC) 
[5–10]. Recent clinical trial data suggest potential benefit 
of adding poly-ADP ribose polymerase inhibitors (PARPi) 
or lutetium-117-prostate-specific membrane antigen 
(LuPSMA) to first-line mCRPC treatment with ARPIs 
in a subset of patients [11, 12]. As these different drug 
classes are associated with different toxicity profiles and 
significant costs, it is highly important to identify which 
patients experience durable benefit from monotherapy 
ARPI and which patients would potentially benefit from 
treatment intensification or therapy switch.

Research by Tolmeijer et al. 2023, published in 
Clinical Cancer Research [13], suggests that the detection 
of circulating tumor DNA (ctDNA) at baseline and 
4-weeks after treatment initiation can predict response 
durability to first-line ARPIs. In two prospective 
observational multicenter studies, the researchers 
examined the ctDNA fraction (the proportion of total 
plasma cell-free DNA that is tumor-derived) in 81 patients 
with mCRPC before start of therapy and 4-weeks after 
treatment initiation. Baseline ctDNA was detected (≥1% 
ctDNA) in 59% of patients and the detection had strong 
prognostic implications, consistent with literature [14–
16]. Importantly, persistent ctDNA detection 4-weeks 
after treatment initiation was associated with a 4.8 times 
shorter progression free survival (PFS) and 5.5 times 
shorter overall survival (OS) compared to patients with 
undetected ctDNA at baseline and 4-weeks. In contrast, 
patients converting from detected to undetected ctDNA 
within 4-weeks of treatment had a similar PFS compared 
to patients with undetected ctDNA at both timepoints. 
Importantly, the OS for patients with detected to 
undetected ctDNA was longer compared to patients with 
persistent ctDNA detection (28 vs. 16 months). Thus, early 
changes in ctDNA during treatment could be informative 
to predict treatment outcomes.

The authors were able to identify patients with a 
non-durable response (PFS <6 months) with high accuracy 

using 4-weeks on-treatment ctDNA. Early identification of 
non-durable responses enables a window of opportunity for 
treatment intensification for those with insufficient disease 
control, while sparing additional toxicity for patients 
with a deep and durable response on ARPI monotherapy. 
Current clinical tools (e.g., PSA measurements) do not 
allow accurate prediction of response before radiographic 
imaging at 3 and/or 6 months [17]. The data of Tolmeijer 
et al. 2023 suggests that 94% of patients with a durable 
response had undetected ctDNA at by 4-weeks of treatment, 
while 85% of patients with a non-durable response had 
persistent ctDNA detection at 4-weeks. Importantly, 
ctDNA detection outperformed PSA response at both 4 and 
12 weeks for the prediction of non-durable response, with 
a significant proportion of patients still reaching a PSA50 
at 4-weeks (38%) and 12 weeks (27%) despite early 
radiographic progression. Interestingly, changes in ctDNA 
from detected to undetected during treatment seemed to be 
associated with deep PSA responses, with 89% of patients 
achieving a PSA50 response by 12 weeks. Although the 
combination of using PSA responses and ctDNA changes 
could be further investigated, persistent ctDNA detection 
alone at 4-weeks had a positive predictive value (PPV) 
of 88% and negative predictive value (NPV) of 92% for 
identifying non-durable response and could be considered 
as a standalone tool to nominate patients for treatment 
intensification or switch by 4-weeks.

Several questions remain for the optimal utility of 
on-treatment ctDNA to guide patient management. First, 
the 4-weeks on-treatment timepoint selected by Tolmeijer 
et al. was pre-specified in their protocol and is practical 
in clinical practice for most ARPIs, but the utility of 
using even an earlier timepoint could be investigated. 
When selecting earlier timepoints the pharmacology of 
the investigated drugs need to be considered. Some of 
the APRIs reach steady-state concentrations after just 
a few days (abiraterone, darolutamide), while others 
research steady-state after multiple weeks to a month 
(apalutamide, enzalutamide) [18]. Confirmation of the 
first on-treatment ctDNA measurement with a second 
timepoint could improve accuracy, as suggested in other 
cancer types [19, 20], but might also lead to delayed 
interventions. Additionally, there are different assays to 
assess ctDNA fraction in prostate cancer all with different 
limits of detections. The custom assay used by Tolmeijer 
et al. has been shown to have strong prognostic utility 
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for baseline ctDNA assessments [14–16]. The limit of 
detection of this assay is approximately 1%, which is in 
line with most other commercially available assays [21]. 
Use of personalized mutation panels could boost the limit 
of detection to below 1% and potentially refine outcome 
prediction. However, these assays are challenged by 
the requirement of representative tissue samples, which 
can be difficult to obtain for mCRPC [22–24]. It is also 
unknown whether very low on-treatment ctDNA levels 
are clinically meaningful in metastatic disease. Finally, 
there is a need to further investigate the ctDNA changes 
in the context of different disease stages and different 
therapeutic agents, such as taxane chemotherapy or PARPi 
[25–27], to assess the broader applicability of on-treatment 
ctDNA measurements. Eventually, a prospective clinical 
trial testing ctDNA guided therapy versus current clinical 
practice would be warrant to assess the potency of on-
treatment ctDNA for therapy guidance.

When designing a prospective randomized-
controlled interventional trial with ctDNA guidance in 
the experimental arm, several crucial considerations are 
based on the accuracy of the ctDNA test. If the ctDNA 
test has a sufficiently high PPV/NPV to detect non-
durable responders, acknowledged and accepted by 
both physicians and patients, an early treatment switch 
in the experimental arm can be possible. This may 
be achieved by implementing a second on-treatment 
ctDNA measurement boosting confidence in the ctDNA 
results, especially since the abundance of total cell-free 
DNA can be influenced by multiple biological processes 
(inflammation, exercise, etc.,) [28–30] and ctDNA 
detection can be impacted by technical variability [20]. 
To cause limited delay, the ctDNA sampling could be 
repeated after one week (4 and 5 weeks on-treatment), 
with patients only being considered for treatment switch 
when both timepoints have detected ctDNA. This dual 
measurement strategy has previously prospectively 
been used for ctDNA-guided adjuvant therapy [31]. As 
an on-treatment ctDNA-test will unlikely be perfect in 
identifying non-durable responders, it may be preferable 
to intensify patients with persistent ctDNA detection on 
ARPIs with a second life-prolonging agent. Intensification 
strategies for genomically unselected patients can include 
addition of a taxane or radioligand, such as cabazitaxel 
or LuPSMA. Patients with strong PSMA avid lesions 
may particularly benefit from intensification with 
LuPSMA as recently reported [12]. However, as ctDNA 
testing provides us with a genomic profile of the tumor, 
it gives us the opportunity to consider genome matched 
switching or intensification strategies. Intensification for 
genomically selected patients may include addition of a 
PARPi or PI3K-mTOR-AKT inhibitor. Interestingly, in 
the study of Tolmeijer et al. 6/29 (21%) of patients with 
persistent ctDNA detection at 4-weeks had a pathogenic 

BRCA2 alteration, making them suitable candidates for 
ARPI intensification with PARPi [11]. Furthermore, more 
rare homologous recombination repair alterations in genes 
such as BRCA1, PALB2 and CDK12 also appear to be 
candidates for ARPI-PARPi intensification regimens [32]. 
Although genomic matched treatment intensification could 
be beneficial for patients, it will complicate comparison 
with the control arm of a randomized trial. This could 
partly be resolved by reporting the additive PFS of ARPI 
monotherapy (PFS1) and the second agent of physicians 
choice (PFS2) in the control arm. Other valuable outcome 
measurements will be comparison of OS, quality of life 
and cost analysis per arm.

In conclusion, results of Tolmeijer et al. show the 
promise of on-treatment ctDNA detection as early read 
out for treatment response to potentially help guide 
treatment management of patients with mCRPC. We are 
excited for future research refining and defining necessary 
considerations for on-treatment ctDNA measurements and 
are looking forward to prospective validation of the results.

AUTHOR CONTRIBUTIONS

ST: Drafting the manuscript. EB, NPE and NM: 
Critical review of the manuscript.

CONFLICTS OF INTEREST

Authors have no conflicts of interest to declare.

FUNDING

No funding was used for this paper.

Niven Mehra: Department of Medical Oncology, Radboud 
University Medical Center, Nijmegen, The Netherlands

Correspondence to: Niven Mehra, 
email: niven.mehra@radboudumc.nl
Keywords: ctDNA; prostate cancer; liquid biopsy; biomarker; 
androgen receptor pathway inhibitors
Received: June 01, 2024
Published: July 02, 2024

REFERENCES

1. Yamada Y, et al. Cancer Lett. 2021; 519:20–29. https://doi.
org/10.1016/j.canlet.2021.06.010. [PubMed]

2. Anton A, et al. BJUI Compass. 2022; 3:205–13. https://doi.
org/10.1002/bco2.129. [PubMed]

3. Barata PC, et al. Oncologist. 2023; 28:e737–47. https://doi.
org/10.1093/oncolo/oyad046. [PubMed]

4. Freedland SJ, et al. Prostate Cancer Prostatic Dis. 2024; 
27:327–33. https://doi.org/10.1038/s41391-023-00725-8. 
[PubMed]

https://doi.org/10.1016/j.canlet.2021.06.010
https://doi.org/10.1016/j.canlet.2021.06.010
https://pubmed.ncbi.nlm.nih.gov/34153403
https://doi.org/10.1002/bco2.129
https://doi.org/10.1002/bco2.129
https://pubmed.ncbi.nlm.nih.gov/35492221
https://doi.org/10.1093/oncolo/oyad046
https://doi.org/10.1093/oncolo/oyad046
https://pubmed.ncbi.nlm.nih.gov/37014097
https://doi.org/10.1038/s41391-023-00725-8
https://pubmed.ncbi.nlm.nih.gov/37783836


Oncotarget423www.oncotarget.com

 5. James ND, et al. N Engl J Med. 2017; 377:338–51. https://
doi.org/10.1056/NEJMoa1702900. [PubMed]

 6. Sweeney CJ, et al. N Engl J Med. 2015; 373:737–46. https://
doi.org/10.1056/NEJMoa1503747. [PubMed]

 7. Fizazi K, et al. N Engl J Med. 2017; 377:352–60. https://
doi.org/10.1056/NEJMoa1704174. [PubMed]

 8. Davis ID, et al. N Engl J Med. 2019; 381:121–31. https://
doi.org/10.1056/NEJMoa1903835. [PubMed]

 9. Chi KN, et al. N Engl J Med. 2019; 381:13–24. https://doi.
org/10.1056/NEJMoa1903307. [PubMed]

10. Armstrong AJ, et al. J Clin Oncol. 2019; 37:2974–86. 
https://doi.org/10.1200/JCO.19.00799. [PubMed]

11. Hussain MHA, et al. J Clin Oncol. 2024; 42:19. https://doi.
org/10.1200/JCO.2024.42.4_suppl.19.

12. Emmett L, et al. Lancet Oncol. 2024; 25:563–71. https://
doi.org/10.1016/S1470-2045(24)00135-9. [PubMed]

13. Tolmeijer SH, et al. Clin Cancer Res. 2023; 29:2835–44. 
https://doi.org/10.1158/1078-0432.CCR-22-2998. [PubMed]

14. Fonseca NM, et al. Nat Commun. 2024; 15:1828. https://
doi.org/10.1038/s41467-024-45475-w. [PubMed]

15. Annala M, et al. Ann Oncol. 2021; 32:896–905. https://doi.
org/10.1016/j.annonc.2021.03.205. [PubMed]

16. Annala M, et al. Cancer Discov. 2018; 8:444–57. https://
doi.org/10.1158/2159-8290.CD-17-0937. [PubMed]

17. Scher HI, et al. J Clin Oncol. 2016; 34:1402–18. https://doi.
org/10.1200/JCO.2015.64.2702. [PubMed]

18. Benoist GE, et al. Clin Pharmacokinet. 2016; 55:1369–80. 
https://doi.org/10.1007/s40262-016-0403-6. [PubMed]

19. Parikh AR, et al. Clin Cancer Res. 2020; 26:1877–85. 
https://doi.org/10.1158/1078-0432.CCR-19-3467. 
[PubMed]

20. Tolmeijer SH, et al. Eur Urol Oncol. 2024; 7:282–91. 
https://doi.org/10.1016/j.euo.2023.08.009. [PubMed]

21. Vandekerkhove G, et al. JCO Precis Oncol. 2024; 
8:e2300654. https://doi.org/10.1200/PO.23.00654. [PubMed]

22. Al-Kateb H, et al. Mol Oncol. 2015; 9:1737–43. https://doi.
org/10.1016/j.molonc.2015.05.004. [PubMed]

23. Clarke NW, et al. NEJM Evid. 2022; 1:EVIDoa2200043. 
https://doi.org/10.1056/EVIDoa2200043. [PubMed]

24. Hussain MHA, et al. J Clin Oncol. 2020; 38:195. https://doi.
org/10.1200/JCO.2020.38.6_suppl.195.

25. Sumanasuriya S, et al. Eur Urol. 2021; 80:243–53. https://
doi.org/10.1016/j.eururo.2021.05.030. [PubMed]

26. Tan W, et al. Sci Rep. 2022; 12:4672. https://doi.
org/10.1038/s41598-022-08520-6. [PubMed]

27. Goodall J, et al. Cancer Discov. 2017; 7:1006–17. https://
doi.org/10.1158/2159-8290.CD-17-0261. [PubMed]

28. Jing Q, et al. Clin Chem. 2022; 68:1184–95. https://doi.
org/10.1093/clinchem/hvac097. [PubMed]

29. Haller N, et al. PLoS One. 2018; 13:e0191915. https://doi.
org/10.1371/journal.pone.0191915. [PubMed]

30. Madsen AT, et al. EBioMedicine. 2019; 49:284–90. https://
doi.org/10.1016/j.ebiom.2019.10.008. [PubMed]

31. Tie J, et al. N Engl J Med. 2022; 386:2261–72. https://doi.
org/10.1056/NEJMoa2200075. [PubMed]

32. Fallah J, et al. J Clin Oncol. 2024; 42:1687–98. https://doi.
org/10.1200/JCO.23.02105. [PubMed]

Copyright: © 2024 Tolmeijer et al. This is an open access article 
distributed under the terms of the Creative Commons Attribution 
License (CC BY 4.0), which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author and 
source are credited.

https://doi.org/10.1056/NEJMoa1702900
https://doi.org/10.1056/NEJMoa1702900
https://pubmed.ncbi.nlm.nih.gov/28578639
https://doi.org/10.1056/NEJMoa1503747
https://doi.org/10.1056/NEJMoa1503747
https://pubmed.ncbi.nlm.nih.gov/26244877
https://doi.org/10.1056/NEJMoa1704174
https://doi.org/10.1056/NEJMoa1704174
https://pubmed.ncbi.nlm.nih.gov/28578607
https://doi.org/10.1056/NEJMoa1903835
https://doi.org/10.1056/NEJMoa1903835
https://pubmed.ncbi.nlm.nih.gov/31157964
https://doi.org/10.1056/NEJMoa1903307
https://doi.org/10.1056/NEJMoa1903307
https://pubmed.ncbi.nlm.nih.gov/31150574
https://doi.org/10.1200/JCO.19.00799
https://pubmed.ncbi.nlm.nih.gov/31329516
https://doi.org/10.1200/JCO.2024.42.4_suppl.19
https://doi.org/10.1200/JCO.2024.42.4_suppl.19
https://doi.org/10.1016/S1470-2045(24)00135-9
https://doi.org/10.1016/S1470-2045(24)00135-9
https://pubmed.ncbi.nlm.nih.gov/38621400
https://doi.org/10.1158/1078-0432.CCR-22-2998
https://pubmed.ncbi.nlm.nih.gov/36996325
https://doi.org/10.1038/s41467-024-45475-w
https://doi.org/10.1038/s41467-024-45475-w
https://pubmed.ncbi.nlm.nih.gov/38418825
https://doi.org/10.1016/j.annonc.2021.03.205
https://doi.org/10.1016/j.annonc.2021.03.205
https://pubmed.ncbi.nlm.nih.gov/33836265
https://doi.org/10.1158/2159-8290.CD-17-0937
https://doi.org/10.1158/2159-8290.CD-17-0937
https://pubmed.ncbi.nlm.nih.gov/29367197
https://doi.org/10.1200/JCO.2015.64.2702
https://doi.org/10.1200/JCO.2015.64.2702
https://pubmed.ncbi.nlm.nih.gov/26903579
https://doi.org/10.1007/s40262-016-0403-6
https://pubmed.ncbi.nlm.nih.gov/27106175
https://doi.org/10.1158/1078-0432.CCR-19-3467
https://pubmed.ncbi.nlm.nih.gov/31941831
https://doi.org/10.1016/j.euo.2023.08.009
https://pubmed.ncbi.nlm.nih.gov/37673768
https://doi.org/10.1200/PO.23.00654
https://pubmed.ncbi.nlm.nih.gov/38547422
https://doi.org/10.1016/j.molonc.2015.05.004
https://doi.org/10.1016/j.molonc.2015.05.004
https://pubmed.ncbi.nlm.nih.gov/26071350
https://doi.org/10.1056/EVIDoa2200043
https://pubmed.ncbi.nlm.nih.gov/38319800
https://doi.org/10.1200/JCO.2020.38.6_suppl.195
https://doi.org/10.1200/JCO.2020.38.6_suppl.195
https://doi.org/10.1016/j.eururo.2021.05.030
https://doi.org/10.1016/j.eururo.2021.05.030
https://pubmed.ncbi.nlm.nih.gov/34103179
https://doi.org/10.1038/s41598-022-08520-6
https://doi.org/10.1038/s41598-022-08520-6
https://pubmed.ncbi.nlm.nih.gov/35304525
https://doi.org/10.1158/2159-8290.CD-17-0261
https://doi.org/10.1158/2159-8290.CD-17-0261
https://pubmed.ncbi.nlm.nih.gov/28450425
https://doi.org/10.1093/clinchem/hvac097
https://doi.org/10.1093/clinchem/hvac097
https://pubmed.ncbi.nlm.nih.gov/35771673
https://doi.org/10.1371/journal.pone.0191915
https://doi.org/10.1371/journal.pone.0191915
https://pubmed.ncbi.nlm.nih.gov/29370268
https://doi.org/10.1016/j.ebiom.2019.10.008
https://doi.org/10.1016/j.ebiom.2019.10.008
https://pubmed.ncbi.nlm.nih.gov/31648993
https://doi.org/10.1056/NEJMoa2200075
https://doi.org/10.1056/NEJMoa2200075
https://pubmed.ncbi.nlm.nih.gov/35657320
https://doi.org/10.1200/JCO.23.02105
https://doi.org/10.1200/JCO.23.02105
https://pubmed.ncbi.nlm.nih.gov/38484203
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

