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Pre‑clinical activity of the oral 
DNA‑PK inhibitor, peposertib 
(M3814), combined with radiation 
in xenograft models of cervical 
cancer
Sushmita B. Gordhandas1,6, Beryl Manning‑Geist1,6, Christina Henson2, Gopa Iyer3,4, 
Ginger J. Gardner1,4, Yukio Sonoda1,4, Kathleen N. Moore2, Carol Aghajanian3,4, 
M. Herman Chui5,7 & Rachel N. Grisham3,4,7*

DNA‑dependent protein kinase (DNA‑PK) plays a crucial role in repair of DNA double‑strand breaks 
by facilitating non‑homologous end‑joining. Inhibitors of DNA‑PK have the potential to block DNA 
repair and enhance DNA‑damaging agents. Peposertib (M3814) is a DNA‑PK inhibitor that has shown 
preclinical activity in combination with DNA‑damaging agents, including ionizing radiation (IR) and 
topoisomerase II inhibitors. Here we evaluated the activity of peposertib (M3814) in combination 
with radiation in a mouse xenograft model of HPV‑associated cervical cancer. Athymic nude female 
mice with established tumors derived from HeLa cells injected into the flank were treated with vehicle 
alone (n = 3), IR alone (n = 4), and peposertib (M38814) in combination with IR (M3814 + IR; n = 4). While 
IR alone was associated with a trend towards decreased tumor volume compared with untreated, 
only the M3814 + IR treatment arm was associated with consistent and significant reduction in tumor 
burden, which correlated with higher levels of γ‑H2AX in tumor cells, a marker of double‑strand DNA 
breaks. Our data support further clinical evaluation of the combination of peposertib (M38814) and IR 
in cervical cancer.

DNA damage is inherent in the process of DNA replication, and repair of this damage is essential for normal cell 
function. Cells have evolved mechanisms for DNA repair to maintain genomic integrity. One important type 
of DNA damage is double-strand breaks (DSB). DSBs can be induced from oxidative stress, oncogene induced 
transcription stress, or therapeutic treatment of cancer with chemotherapy or  radiation1. DSBs have lethal con-
sequences for cells and organisms if left  unrepaired2. There are two main pathways to repair DSBs: homologous 
recombination-guided repair (HR) and non-homologous end joining (NHEJ).

DNA-dependent protein kinase (DNA-PK) has been shown to play a critical role in facilitating  NHEJ3–6.The 
DNA-PK complex consists of catalytic serine/threonine protein kinases and two heterodimeric subunits (KU80 
and KU70). Elevated DNA-PK expression has been associated with poor cancer-specific survival in ovarian 
cancer  patients7. Blocking DSB repair increases susceptibility to DNA-damaging agents through accumulation 
of damage and eventually cell  death8,9. Cancer therapies targeting the repair mechanisms of DSBs have led to 
improved outcomes, such as poly (ADP-ribose) polymerase (PARP) inhibition in ovarian  cancer10–12.

Peposertib (M3814) is a potent, selective, and orally bioavailable DNA-PK  inhibitor2. Preclinical studies 
of peposertib (M3814) in combination with ionizing radiation (IR) are  compelling2,13. Zenke and colleagues 
evaluated the IC50 and EC50 of cervical cancer cell lines C33A, CASKI and HeLa for treatment with peposertib 
(M38814) alone and in combination with 3 Gy IR. Growth viability was assessed and demonstrated sensitivity 
of all 3 cervical cancer cell lines to peposertib (M3814) in combination with IR and evidence of synergistic affect 
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as calculated by Bliss independence in the HeLa and C33A cell  lines2. In xenograft models of human cancers 
(squamous cell head and neck, and non-small cell lung cancer), oral administration of peposertib (M38814) 
strongly potentiated the anti-tumor activity of IR leading to complete tumor regression at nontoxic  doses2. 
Additional mouse models have demonstrated that peposertib (M38814) in combination with IR also has activity 
in colon and pancreatic  cancer13. These studies provide evidence that inhibition of DNA-PK sensitizes cancer 
cells to DSBs induced by IR.

Targeting DNA damage response pathways is a potentially effective strategy for treatment of HPV-associated 
cervical cancer. HPV-associated tumors have overexpression of E6/E7 oncoproteins that promote tumor growth 
and increase DNA damage including accumulation of  DSBs14. IR is already essential in upfront treatment of 
many early and late stage cervical cancers, but in the recurrent setting there are few effective systemic therapies, 
and data on the efficacy of IR alone are  limited15,16. In this study, we aimed to determine if the oral DNA-PK 
inhibitor peposertib (M3814) could enhance the efficacy of IR in models of cervical cancer. We hypothesize that 
the combination of peposertib (M3814) and IR will provide cervical cancer patients with new treatment options 
that are both efficacious and tolerable.

Results
DNA‑PK inhibitor peposertib (M3814) enhances activity of radiation in vivo. To test the efficacy 
of peposertib (M3814) in combination with IR we performed in vivo xenograft studies using the HeLa cell line, 
as a model of HPV-associated cervical cancer (HeLa). HeLa cells were implanted in the flank of 11 athymic nude 
female mice and treatment was started at 26 days after cell implantation (Fig. 1). Tumor volume ranged from 130 
to 133  mm3 at the start of treatment. Mice were separated into three treatment groups: vehicle alone (n = 3), IR 
alone (n = 4), and peposertib (M38814) in combination with IR (M3814 + IR) (n = 4) (Fig. 1).

Mice treated with M3814 + IR had slower growth of tumor over time compared with IR alone or vehicle 
(Fig. 2A). At treatment endpoint (day 47) mean tumor volumes in the vehicle alone, IR alone, and M3814 + IR 
groups were 655  mm3 (SD 360.7), 314  mm3 (SD 69.5), and 184  mm3 (SD 116.4), respectively (Fig. 2B). Mean 
tumor volume at end of treatment in IR alone was not statistically different from that of vehicle alone (p = 0.12) or 

Figure 1.  Three million HeLa cells were injected subcutaneously into the flank of eleven 11 athymic nude 
female mice. The animals were separated into three groups: vehicle (n = 3), IR alone (n = 4), and M3814 + IR 
(n = 4). Treatment started 26 days after injection. The vehicle group received M3814 vehicle control by oral 
gavage once daily 5 days per week for weeks one to three. The IR alone group received 2 Gy radiation 5 days per 
week for week one. The combined M3814 + IR group received peposertib (M38814) 50 mg/kg by oral gavage 
once daily 5 days per week for weeks 1–3, and 2 Gy radiation 5 days per week for week one. Radiation was 
administered 60 min after M3814 drug administration.

Figure 2.  Xenograft experiments were performed with HeLa cell lines in athymic nude mice. Treatment was 
started 26 days after HeLa cell implantation. Three groups were investigated: vehicle alone (n = 3), IR alone 
(n = 4), or M3814 in combination with IR (n = 4). Tumor volume was measured twice weekly. (A) shows mean 
tumor volume of each group over the course of treatment. (B) shows average tumor volume at treatment 
endpoint (day 47), t tests were done to compare the treatment groups. (C) shows mouse weights during the 
course of treatment.
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M3814 + IR (p = 0.10). Vehicle alone had a significantly higher volume of tumor at end of treatment in comparison 
with M3814 + IR (p = 0.05). Body weights remained stable throughout the experiment (Fig. 2C).

To evaluate DNA damage, immunohistochemical analysis of γ-H2AX was performed on tumors excised from 
all sacrificed mice at the completion of treatment. DNA damage was significantly increased in the M3814 + IR 
group in comparison with vehicle alone (p < 0.01; Fig. 3A). Comparisons of γ-H2AX staining in IR alone versus 
vehicle alone and M3814 + IR were not statistically significant (p = 0.4 and 0.1, respectively). Representative 
micrographs of γ-H2AX antibody staining in each group are displayed in Fig. 3B.

Discussion
Standard of care treatment for newly diagnosed, non-metastatic cervix cancer is well-established, but treat-
ment options for recurrent cervical cancer are limited. Following systemic treatment with taxane and plati-
num, post-progression data from GOG 0240 showed a median overall survival of only 7.1 and 8.4 months in 
the non-bevacizumab and bevacizumab arms,  respectively17. Second-line cytotoxic monotherapy also has low 
overall response rates: topotecan (12.5%), vinorelbine (13.7%) and pemetrexed (15%)18. The current standard of 
care includes pembrolizumab for women with programmed death-ligand 1 (PD-L1) positive tumors. PD-L1 is 
expressed in approximately 50% of squamous cell cervical carcinomas, and 14% of cervical  adenocarcinomas19.

Keynote-158 reported an overall response rate of 14.6% and duration of response of 9 months with pem-
brolizumab in a single arm  cohort20. A subsequent randomized phase 3 trial of the anti PD-1 antibody cemi-
plimab versus investigator choice chemotherapy confirmed the superiority of immune checkpoint inhibitors in 
this setting with an overall response rate of 17.6%, compared with 6.7% for cemiplimab versus chemotherapy, 
respectively. More importantly, overall survival was improved with a hazard ratio of 0.69 (95% CI 0.56–0.84; 
p < 0.001) in favor of cemiplimab. Median overall survival was 12.0 versus 8.5  months21. While PD-L1 targeted 
therapies are a welcome advance in treatment for these often-young patients, there is a high unmet need for 
novel therapies with more efficacy and broader applicability.

Radiation therapy (RT) is a non-surgical option for local recurrence of cervical cancer in women who have 
not previously been treated with RT, or with operable disease who opt not to proceed with pelvic exenteration. 
Data on the efficacy of RT in the recurrent setting is limited. In a 2008 paper Haasbeek et al. described their single 
institution experience of high dose RT following a pelvic recurrence of cervical cancer (n = 35); the five- and ten-
year survival rates were 43% and 33%, respectively, and pelvic control rates were 69% and 62%,  respectively16. 
The amount of radiation must be considered carefully to reduce toxicity to normal tissue, particularly given that 
this area often has already been heavily  irradiated22. Chemotherapy in combination with RT has shown improved 

Figure 3.  (A) γ-H2AX antibody staining was performed in formalin-fixed tumor tissue for each group at the 
completion of treatment. DNA damage was significantly increased in the M3814 + IR group in comparison to 
vehicle alone (p < 0.01). (B) Micrographs of γ-H2AX antibody staining in each group.
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response in cervical cancer, but combined treatment is often limited by hematologic toxicity and bone marrow 
suppression, especially in pre-treated patients. New combination therapy options for cervical cancer are needed 
to improve the efficacy of radiation and limit toxicity.

DNA-PK inhibitors have shown activity in combination with DNA damaging agents, highlighting their 
potential to improve the efficacy of RT. We studied the effect of peposertib (M3814), an oral DNA-PK inhibitor, 
in combination with IR in cervical cancer models. Prior studies have demonstrated that peposerib (M3814) has 
limited efficacy as a single agent in gynecologic cancer models, highlighting the importance of DNA damage in 
its mechanism of  action23. The effect of peposerib (M3814) in combination with therapies that induce DNA dam-
age was emphasized in our in vivo results. When compared with vehicle alone, the combination of M3814 + IR 
produced a more pronounced effect on tumor volume than IR alone (p = 0.04 and 0.15, respectively). These 
findings suggest aneffect of M3814 in the treatment of cervical cancer. Weights were stable throughout therapy, 
suggesting tolerability of the combined treatment (Fig. 2C).

In addition to measuring treatment response with tumor volume, γ-H2AX IHC staining was performed on 
all tumors at the completion of treatment. γ-H2AX staining is a marker of DNA double-strand breaks and can 
be used to monitor DNA damage after  therapy24. The γ-H2AX staining results reflect the findings of treatment 
response measured by tumor volume; M3814 + IR had significantly increased DNA damage compared with 
vehicle alone (p < 0.01). All other comparisons were not statistically significant (Fig. 3A). The IR alone group 
includes one sample (Fig. 3A, animal no. 4) with increased γ-H2AX staining, this is likely due to technical factors. 
The γ-H2AX antibody has some non-specific staining and staining of cell debris which contributes to intrinsic 
variability in quantification. In addition to technical challenges, small sample size has limited our ability to find 
statistically significant differences and determine magnitude of effect. M3814 + IR had slower tumor growth 
and increased DNA damage compared with IR alone, but these comparisons were not statistically significant.

Our study adds to the pre-clinical literature in support of peposertib (M3814) in combination with DNA 
damaging agents. Clinical data from completed and ongoing trials show the safety of peposertib (M3814) in 
cancer patients. As of October 2020, a total of 137 subjects have been exposed to peposertib (M3814) in five 
clinical  studies25. In a monotherapy dose escalation study (EMR100036-01), the maximum tolerated dose of 
M3814 was not reached up to the highest administered level, providing evidence for the tolerability of peposertib 
(M3814) for patients. The maximum tolerated dose in combination with RT has not been determined yet. The 
main adverse events of peposertib (M3814) were rash-related and clinically manageable.

Clinical trials of therapies targeting the DNA damage response pathway have shown promising  results26. 
Our group has previously published on the activity of peposertib (M3814) in combination with topoisomerase 
II inhibitors, the combination delayed tumor growth when compared with monotherapy controls in murine 
grafts, and a phase IB clinical trial of peposertib (M3814) in combination with cytotoxic therapy is underway 
for recurrent ovarian cancer (NCT04092270). Based on the pre-clinical data presented in this paper, clinical 
trials for the combination of peposertib (M3814) with RT in cervical cancer are warranted. A phase I/II study of 
peposertib (M3814) with hypofractionated radiation followed by peposertib (M3814) with avelumab (PD-L1, 
checkpoint inhibitor) in recurrent cervical cancer is currently under development.

Methods
All animal experiments were performed at Memorial Sloan Kettering’s Research Animal Resource Center and 
were carried out in accordance with relevant guidelines and regulations. The experiments were approved by the 
Memorial Sloan Kettering Institutional Animal Care and Use Committee (protocol # 04-03-009). All methods 
are reported in accordance with ARRIVE guidelines for the reporting of animal experiments.

Three million HeLa cells with Matrigel, were injected subcutaneously into a single flank of eleven 6- to 8-week 
old athymic nude female mice. The animals were separated into three groups: vehicle alone (n = 3), IR alone 
(n = 4), and peposertib (M38814) in combination with IR (M3814 + IR) (n = 4). Treatment was started 26 days 
after subcutaneous injection (Fig. 1).

The M3814 vehicle control was 0.5% Methocel™, 0.25% Tween20, 300 mM Na-Citrate Buffer, pH 2.5 by oral 
gavage, five days per week for weeks one to three. In the IR alone group, local 2 Gy radiation was administered 
five days per week for week one. In the combined M3814 + IR group, peposertib (M3814) was administered at 
50 mg/kg by oral gavage once daily five days per week for weeks one to three, and irradiation was done 60 min 
after peposertib (M3814) drug administration (2 Gy 5 days per week for week one) (Fig. 1).

All mice were evaluated for weight and tumor volume on the same days twice per week starting 26 days after 
cell implantation. Tumor volume at end of treatment was compared for treatment with vehicle alone versus IR 
alone, IR alone versus M3814 + IR, and vehicle alone versus M3814 + IR using t tests (Prism for macOS version 
9.2.0) (Fig. 2B). At completion of week three, all mice were sacrificed. Tumors were excised, formalin-fixed 
and paraffin embedded. Immunohistochemical staining was performed for γ-H2AX using a rabbit monoclonal 
antibody (Cell Signaling, phospho-histone H2AX, clone 20E3, Cat no. 9718, 1:200 dilution). Quantification of 
immunohistochemical staining was performed on digitally scanned slides using the Positive Cell Detection 
algorithm in QuPath software, to determine the percentage of γ-H2AX-postive tumor cells. At least 5000 tumor 
cells were analyzed per sample.

Ethical approval and informed consent. All animal experiments were performed at Memorial Sloan 
Kettering’s Research Animal Resource Center and were carried out in accordance with relevant guidelines and 
regulations. All animal experiments were approved by the Memorial Sloan Kettering Institutional Animal Care 
and Use Committee (protocol # 04-03-009). All methods are reported in accordance with ARRIVE guidelines 
for the reporting of animal experiments.



5

Vol.:(0123456789)

Scientific Reports |          (2022) 12:974  | https://doi.org/10.1038/s41598-021-04618-5

www.nature.com/scientificreports/

Received: 14 October 2021; Accepted: 22 December 2021

References
 1. Harnor, S. J., Brennan, A. & Cano, C. Targeting DNA-dependent protein kinase for cancer therapy. ChemMedChem 12(12), 895–900 

(2017).
 2. Zenke, F. T. et al. Pharmacologic inhibitor of DNA-PK, M3814, potentiates radiotherapy and regresses human tumors in mouse 

models. Mol. Cancer Ther. 19(5), 1091–1101 (2020).
 3. Neal, J. A. & Meek, K. Choosing the right path: Does DNA-PK help make the decision?. Mutation Res./Fundam. Mol. Mech. 

Mutagenesis. 711(1–2), 73–86 (2011).
 4. Davidson, D., Amrein, L., Panasci, L. & Aloyz, R. Small molecules, inhibitors of DNA-PK, targeting DNA repair, and beyond. 

Front. Pharmacol. 4, 5 (2013).
 5. Neal, J. A. et al. Inhibition of homologous recombination by DNA-dependent protein kinase requires kinase activity, is titratable, 

and is modulated by autophosphorylation. Mol. Cell. Biol. 31(8), 1719–1733 (2011).
 6. Dobbs, T. A., Tainer, J. A. & Lees-Miller, S. P. A structural model for regulation of NHEJ by DNA-PKcs autophosphorylation. DNA 

Repair 9(12), 1307–1314 (2010).
 7. Abdel-Fatah, T. M. A. et al. ATM, ATR and DNA-PKcs expressions correlate to adverse clinical outcomes in epithelial ovarian 

cancers. BBA Clin. 2, 10–17 (2014).
 8. Kurimasa, A. et al. Requirement for the kinase activity of human DNA-dependent protein kinase catalytic subunit in DNA strand 

break rejoining. Mol. Cell. Biol. 19(5), 3877–3884 (1999).
 9. Zhao, Y. et al. Preclinical evaluation of a potent novel DNA-dependent protein kinase inhibitor NU7441. Can. Res. 66(10), 5354–

5362 (2006).
 10. Moore, K. et al. Maintenance olaparib in patients with newly diagnosed advanced ovarian cancer. N Engl J Med. 379(26), 2495–2505 

(2018).
 11. Poveda, A. et al. Final overall survival (OS) results from SOLO2/ENGOT-ov21: A phase III trial assessing maintenance olaparib 

in patients (pts) with platinum-sensitive, relapsed ovarian cancer and a BRCA mutation. J. Clin. Oncol. 8(15_Suppl), 6002 (2020).
 12. Pujade-Lauraine, E. et al. Olaparib tablets as maintenance therapy in patients with platinum-sensitive, relapsed ovarian cancer 

and a BRCA1/2 mutation (SOLO2/ENGOT-Ov21): a double-blind, randomised, placebo-controlled, phase 3 trial. Lancet Oncol. 
18(9), 1274–1284 (2017).

 13. Damstrup, L., Zimmerman, A., Sirrenberg, C., Zenke, F. & Vassilev, L. M3814, a DNA-dependent protein kinase inhibitor (DNA-
PKi), potentiates the effect of ionizing radiation (IR) in xenotransplanted tumors in nude mice. Int. J. Radiat. Oncol. Biol. Phys. 
94(4), 940–1 (2016).

 14. Spriggs, C. C. & Laimins, L. A. Human papillomavirus and the DNA damage response: Exploiting host repair pathways for viral 
replication. Viruses 9(8), 232 (2017).

 15. Cohen, P. A., Jhingran, A., Oaknin, A. & Denny, L. Cervical cancer. Lancet 393(10167), 169–182 (2019).
 16. Haasbeek, C. J. A., Uitterhoeve, A. L. J., van der Velden, J., González, D. G. & Stalpers, L. J. A. Long-term results of salvage radio-

therapy for the treatment of recurrent cervical carcinoma after prior surgery. Radiother. Oncol. 89(2), 197–204 (2008).
 17. Tewari, K. S. et al. Bevacizumab for advanced cervical cancer: final overall survival and adverse event analysis of a randomised, 

controlled, open-label, phase 3 trial (Gynecologic Oncology Group 240). The Lancet. 390(10103), 1654–1663 (2017).
 18. Yu, S. & Garcia, A. A. Advancements in recurrent and metastatic cervical cancer. Am. J. Hematol. Oncol. 11(1) (2015).
 19. Heeren, A. M. et al. Prognostic effect of different PD-L1 expression patterns in squamous cell carcinoma and adenocarcinoma of 

the cervix. Mod. Pathol. 29(7), 753–763 (2016).
 20. Chung, H. C. et al. Efficacy and safety of pembrolizumab in previously treated advanced cervical cancer: Results from the phase 

II KEYNOTE-158 study. J. Clin. Oncol. 37(17), 1470–1478 (2019).
 21. Tewari, K. et al. VP4–2021: EMPOWER-Cervical 1/GOG-3016/ENGOT-cx9: Interim analysis of phase III trial of cemiplimab 

vs. investigator’s choice (IC) chemotherapy (chemo) in recurrent/metastatic (R/M) cervical carcinoma. Ann. Oncol. 32(7), 940–1 
(2021).

 22. van Lonkhuijzen, L. & Thomas, G. Palliative radiotherapy for cervical carcinoma, a systematic review. Radiother. Oncol. 98(3), 
287–291 (2011).

 23. Wise, H. C. et al. Activity of M3814, an Oral DNA-PK inhibitor, in combination with topoisomerase II inhibitors in ovarian cancer 
models. Sci. Rep. 9(1), 1–7 (2019).

 24. Nagelkerke, A. & Span, P. N. Staining Against Phospho-H2AX (γ-H2AX) as a Marker for DNA Damage and Genomic Instability in 
Cancer Tissues and Cells 1–10 (Springer, Berlin, 2016).

 25. KGaA AoM. Peposertib (M3814) Investigator’s Brochure. In: Author, editor. (2020).
 26. Lampert, E. J. et al. Combination of PARP inhibitor Olaparib, and PD-L1 inhibitor Durvalumab, in recurrent ovarian cancer: A 

proof-of-concept phase II study. Clin. Cancer Res. 26(16), 4268–4279 (2020).

Acknowledgements
This study was funded in part through the NIH/NCI Support Grant P30 CA008748.

Author contributions
S.B.G.: Formal analysis, Data Curation, Writing—Original Draft, Writing—Review and Editing, Visualization. 
B.M.G.: Formal analysis, Data Curation, Writing—Original Draft, Writing—Review and Editing. C.H.: Concep-
tualization, Investigation, Writing—Review and Editing, Visualization. G.V.I.: Methodology, Software, Validation, 
Formal analysis, Investigation, Resources, Data Curation. G.J.G.: Writing—Review and Editing. Y.S.: Writing—
Review and Editing. K.N.M.: Conceptualization, Writing—Review and Editing, Project administration. C.A.: 
Conceptualization, Writing—Review and Editing, Project administration. M.H.C.: Conceptualization, Method-
ology, Software, Validation, Formal analysis, Investigation, Resources, Data Curation, Writing—Original Draft, 
Writing—Review and Editing, Visualization, Supervision. RNG: Conceptualization, Methodology, Software, 
Validation, Formal analysis, Investigation, Resources, Data Curation, Writing—Original Draft, Writing—Review 
and Editing, Visualization, Supervision, Project administration, Funding acquisition.

Funding
This study was supported in part by the NIH/NCI Cancer Center Support Grant P30 CA008748 (Dr. Iyer, Dr. 
Gardner, Dr. Sonoda, Dr. Aghajanian, Dr. Chui, Dr. Grisham). Dr. Grisham is also supported by a grant from 
the Ovarian Cancer Research Alliance (OCRA).



6

Vol:.(1234567890)

Scientific Reports |          (2022) 12:974  | https://doi.org/10.1038/s41598-021-04618-5

www.nature.com/scientificreports/

Competing interests 
CA reports personal fees from Tesaro, personal fees from Immunogen, grants and personal fees from Clovis, 
personal fees from Mateon Therapeutics, personal fees from Cerulean Pharma, grants from Genentech, grants 
from AbbVie, and grants from Astra Zeneca, outside the submitted work. KM reports research funding from 
Lilly, PTC Therapeutics, Merck, Genentech/Roche, has served on advisory boards for Aravive, Alkemeres, Astra 
Zeneca, Blueprint pharmaceuticals, Elevar, Eisai, GSK/Tesaro, Genentech/Roche, Immunogen, IMab, INXmed, 
Lilly, Merck, Mersana, Mereo, Myriad, OncXerna, Oncomed, Tarveda, VBL Therapeutics, serves as associate 
director for GOG Partners, and is on the Board of Directors for GOG Foundation. MHC served on a medi-
cal advisory board on ovarian cancer for Roche, outside the submitted work. RNG reports personal fees from 
AstraZeneca, Genentech, Springworks, Corcept, and Natera, research funding from Context, and grants from 
American Society of Clinical Oncology (ASCO), from The Ovarian Cancer Research Fund Alliance, and from 
Cycle for Survival, outside the submitted work; she reports compensation as an advisory board member for Clovis 
and Mateon, and serves on a data and safety monitoring board for Regeneron, outside the submitted work. All 
remaining authors have no conflicts of interest to declare.

Additional information
Correspondence and requests for materials should be addressed to R.N.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Pre-clinical activity of the oral DNA-PK inhibitor, peposertib (M3814), combined with radiation in xenograft models of cervical cancer
	Results
	DNA-PK inhibitor peposertib (M3814) enhances activity of radiation in vivo. 

	Discussion
	Methods
	Ethical approval and informed consent. 

	References
	Acknowledgements


