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Abstract

In lung squamous cell carcinoma, KEAP1 mutations frequently coexist with TP53
mutations. A preclinical model showed that mutations leading to the activation of the
KEAPI-NRF2 pathway contribute to clinical radioresistance. However, there have
been few clinical reports on the association between the presence of KEAPI and TP53
mutations in patients with lung squamous cell carcinoma. Here, we report the case of
a 62-year-old patient with advanced lung squamous cell carcinoma with KEAPI and
TP53 mutations who experienced primary resistance to thoracic radiotherapy. She was
administered pembrolizumab in combination with cytotoxic agents as the first-line
treatment and the best response was a partial response. However, the mediastinal
lymph node metastases regrew 11 months after the chemotherapy. Thus, she received
thoracic radiation therapy for localized lesions. However, the lesions within the radia-
tion field had apparently progressed. Although she received subsequent chemother-
apy, the lesion rapidly progressed. Treatment strategies including radiotherapy based
on genetic stratification, such as KEAPI and TP53 mutation status, should be imple-
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INTRODUCTION

KEAPI, a negative regulator of NFE2L2 (hereafter NRF2), is
mutated in 20-30% of lung cancers."” KEAPI mutations
have been detected along with TP53, KRAS, and STK 11 in
lung adenocarcinoma.’ In lung squamous cell carcinoma,
KEAP] mutations frequently coexist with TP53 mutations.
The KEAPI/NRF2 axis has been recognized as a central cor-
nerstone for the cross-talk between cellular defense and sur-
vival pathways, and is an important step in the initiation
and progression of many chronic diseases, including cancer.
Additionally, a preclinical model showed that mutations
leading to the activation of the KEAP1-NRF2 pathway con-
tribute to clinical radioresistance.* However, there have been
few clinical reports on the association between the presence
of KEAPI and TP53 mutations in patients with lung
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squamous cell carcinoma. Here, we report the case of a
patient with advanced lung squamous cell carcinoma with
KEAPI and TP53 mutations who experienced primary resis-
tance to thoracic radiotherapy.

CASE REPORT

The patient was a 62-year-old woman with a history of
24 pack-years of smoking and clinical stage T3N2MIc stage
IV lung squamous cell carcinoma, presenting with chest wall
and bone metastases. The tumor proportion score for pro-
grammed death ligand 1 expression was 1% (22C3 assay).
She was administered pembrolizumab in combination with
carboplatin and nab-paclitaxel as the first-line treatment.
The mediastinal lymph node metastases (#2R and #4R) had
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FIGURE 1 Computed

tomography findings of the right
supraclavicular lymph node (#1R)
and mediastinal lymph node (#4R)
metastases (a) before initiation of
radiation therapy, (b) 3 months after
radiation therapy, and (c) 9 months
after radiation therapy

FIGURE 2 Radiation treatment plan. Dose distribution of a volumetric modulated arc therapy plan in an axial (a), sagittal (b), and coronary (c) scan
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shrunk, and the best response was a partial response. How-
ever, these lymph node metastases regrew, and a new right
supraclavicular lymph node metastasis (#1R) developed
11 months after the initiation of first-line treatment
(Figure 1a). Since these were localized disease, she sus-
pended the systemic therapy and initiated thoracic radiation

therapy for localized lesions (volumetric modulated arc ther-
apy: 60 Gray/30 Fractions [Figure 2]). However, computed
tomography (CT) performed 3 months after radiation
showed that the lesions within the radiation field had appar-
ently progressed (Figure 1b). Next-generation sequencing
(OncoGuideTM NCC Oncopanel Systems) using the tissue
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obtained from mediastinal lymph node (#2R) metastasis
before the initiation of radiotherapy revealed a KEAPI
Y525C mutation, estimated as a loss-of-function mutation,
wild-type NRF2, and a TP53 R306* (c. 916C>T) mutation,
a truncating mutation. She received subsequent chemo-
therapy (docetaxel as second-line therapy and S-1 as
third-line), but the lesions inside and outside the radiation
field (multiple lung metastases and pleural dissemination)
rapidly progressed (Figure 1C), and a thrombus in the
superior vena cava was observed. Owing to the worsening
of her general condition, she died 2 years after the initial
treatment.

DISCUSSION

This patient showed primary resistance to thoracic radio-
therapy in lung squamous cell carcinoma with KEAPI and
truncating TP53 mutations.

The KEAPI-NRF2 pathway protects cells from oxidative
and toxic stresses. In response to oxidative stress, NRF2 is
released from KEAPI, translocates into the nucleus, and
promotes the transcription of genes involved in defense
against reactive oxygen species.’ Jeong et al. reported that
constitutive NRF2 activation and reactive oxygen species
suppression by KEAPI deletion promoted tumor aggressive-
ness, metastasis, and resistance to oxidative stress and radio-
therapy in a preclinical model.* Additionally, Binkley et al.
retrospectively evaluated 232 patients with localized non-
small-cell lung cancer (NSCLC) and found that KEAPI and
NRF2 mutations were significantly associated with local
recurrence within the radiation field after radiotherapy.”
The presence of loss-of-function or gain-of-function muta-
tions for KEAPI and NREF2, respectively, affects the clinical
outcome of radiotherapy in patients with NSCLC.

TP53 is the most commonly altered gene in cancer, and
mutations confer cell growth and survival advantages
through a combination of loss of tumor suppressor func-
tions and gain of oncogenic activity. The p53 pathway also
plays an important role in radiation-induced DNA repair
and the cell cycle.®’ Defective p53 has been associated
in vitro with radioresistance in various cell lines.'’"'* TP53
mutations have been associated with clinical radioresistance
in patients with solid tumors such as endometrial cancer
and head and neck cancer.'>'* Additionally, TP53 is
mutated in over 80% of human lung squamous cell carcino-
mas harboring KEAPI mutations." Saleh et al. showed that
KEAPI mutations co-occurring with truncating TP53 muta-
tions were negative prognostic factors in a retrospective
cohort study including 1518 patients with localized
NSCLC."” Furthermore, advanced NSCLC patients with
KEAPI-mutations with wild-type or truncating TP53 muta-
tions in advanced-stage tumors had shorter overall survival
than those with KEAPI mutations co-occurring with TP53
missense mutations. Indeed, this patient with co-occurring
mutations in TP53 and KEAPI achieved a response to initial
chemotherapy in combination with an immune checkpoint

inhibitor, but progressed rapidly and experienced primary
resistance to thoracic radiotherapy. Further investigation on
how the co-occurrence of KEAPI and TP53 leads to primary
resistance to radiotherapy in NSCLC, especially in lung
squamous cell carcinoma, and the development of treatment
strategy to overcome the resistance is needed.

In conclusion, we presented a case of primary resistance
to radiotherapy in lung squamous cell carcinoma harboring
KEAP]I and TP53 mutations. Treatment strategies, including
radiotherapy based on genetic stratification, such as KEAPI
and TP53 mutation status, should be implemented for
NSCLC, especially lung squamous cell carcinoma.

AUTHOR CONTRIBUTIONS

RN, MT, and TY made substantial contributions to the con-
ception of the work. RN drafted the original manuscript.
MT and TY reviewed the manuscript draft and revised it
critically on intellectual content. All authors approved the
final version of the manuscript to be published.

CONFLICT OF INTEREST

Dr. Yoshida reports grants from ONO Pharmaceutical,
grants and personal fees from Bristol-Myers Squibb, and
grants from MSD during the conduct of the study; grants
and personal fees from AstraZeneca, grants from Takeda,
personal fees from Chugai, personal fees from Novartis, and
grants from Abbvie outside the submitted work. Dr. Ohe
reports grants and personal fees from Bristol-Myers Squibb,
grants and personal fees from ONO Pharmaceutical, and
grants and personal fees from MSD during the conduct of
the study, grants and personal fees from AstraZeneca, grants
and personal fees from Amgen, personal fees from Boehrin-
ger Ingelheim, personal fees from Celtrion, grants and per-
sonal fees from Chugai, grants and personal fees from Eli
Lilly, grants and personal fees from Janssen, grants and per-
sonal fees from Kyorin, grants from Kissei, grants and per-
sonal fees from Nippon Kayaku, grants and personal fees
from Novartis, grants and personal fees from Pfizer, grants
and personal fees from Taiho, and grants and personal fees
from Takeda Pharmaceutical outside the submitted work.
The remaining authors declare no competing interests.

ORCID
Rumi Nishimura
Tatsuya Yoshida

https://orcid.org/0000-0002-1185-9369
https://orcid.org/0000-0003-4896-5824

REFERENCES

1. Cancer Genome Atlas Research N. Comprehensive genomic charac-
terization of squamous cell lung cancers. Nature. 2012;489(7417):519-
25. https://doi.org/10.1038/nature11404

2. Cancer Genome Atlas Research N. Comprehensive molecular profil-
ing of lung adenocarcinoma. Nature. 2014;511(7511):543-50. https://
doi.org/10.1038/nature13385

3. Arbour KC, Jordan E, Kim HR, Dienstag J, Yu HA, Sanchez-Vega F,
et al. Effects of co-occurring genomic alterations on outcomes in
patients with KRAS-mutant non-small cell lung cancer. Clin Cancer
Res. 2018;24(2):334-40. https://doi.org/10.1158/1078-0432.CCR-17-
1841


https://orcid.org/0000-0002-1185-9369
https://orcid.org/0000-0002-1185-9369
https://orcid.org/0000-0003-4896-5824
https://orcid.org/0000-0003-4896-5824
https://doi.org/10.1038/nature11404
https://doi.org/10.1038/nature13385
https://doi.org/10.1038/nature13385
https://doi.org/10.1158/1078-0432.CCR-17-1841
https://doi.org/10.1158/1078-0432.CCR-17-1841

WILEYL

NISHIMURA ET AL.

4. Jeong Y, Hoang NT, Lovejoy A, Stehr H, Newman AM, Gentles AJ, 12. Yogev O, Barker K, Sikka A, Almeida GS, Hallsworth A, Smith LM,
et al. Role of KEAP1/NRF2 and TP53 mutations in lung squamous et al. p53 loss in MYC-driven neuroblastoma leads to metabolic adap-
cell carcinoma development and radiation resistance. Cancer Discov. tations supporting Radioresistance. Cancer Res. 2016;76(10):3025-35.
2017;7(1):86-101. https://doi.org/10.1158/2159-8290.CD-16-0127 https://doi.org/10.1158/0008-5472.CAN-15-1939

5. Sunami K, Ichikawa H, Kubo T, Kato M, Fujiwara Y, Shimomura A, 13. Akiyama A, Minaguchi T, Fujieda K, Hosokawa Y, Nishida K,
et al. Feasibility and utility of a panel testing for 114 cancer-associated Shikama A, et al. Abnormal accumulation of p53 predicts radioresis-
genes in a clinical setting: a hospital-based study. Cancer Sci. 2019; tance leading to poor survival in patients with endometrial carcinoma.
110(4):1480-90. https://doi.org/10.1111/cas.13969 Oncol Lett. 2019;18(6):5952-8. https://doi.org/10.3892/01.2019.10940

6. DeNicola GM, Karreth FA, Humpton TJ, et al. Oncogene-induced 14. Skinner HD, Sandulache VC, Ow TJ, Meyn RE, Yordy JS, Beadle BM,
Nrf2 transcription promotes ROS detoxification and tumorigenesis. et al. TP53 disruptive mutations lead to head and neck cancer treat-
Nature. 2011;475(7354):106-9. https://doi.org/10.1038/nature10189 ment failure through inhibition of radiation-induced senescence. Clin

7. Binkley MS, Jeon YJ, Nesselbush M, Moding EJ, Nabet BY, Cancer Res. 2012;18(1):290-300. https://doi.org/10.1158/1078-0432.
Almanza D, et al. KEAP1/NFE2L2 mutations predict lung cancer radi- CCR-11-2260
ation resistance that can Be targeted by glutaminase inhibition. Cancer 15. Saleh MM, Scheffler M, Merkelbach-Bruse S, Scheel AH, Ulmer B,
Discov. 2020;10(12):1826-41. https://doi.org/10.1158/2159-8290.CD- Wolf ], et al. Comprehensive analysis of TP53 and KEAP1 mutations
20-0282 and their impact on survival in localized- and advanced-stage NSCLC.

8. El-Deiry WS. The role of p53 in chemosensitivity and radiosensitivity. J Thorac Oncol. 2022;17(1):76-88. https://doi.org/10.1016/j.jtho.2021.
Oncogene. 2003;22(47):7486-95. https://doi.org/10.1038/sj.onc.1206949 08.764

9. Casey DL, Pitter KL, Wexler LH, Slotkin EK, Gupta GP, Wolden SL.

TP53 mutations increase radioresistance in rhabdomyosarcoma and
Ewing sarcoma. Br J Cancer. 2021;125(4):576-81. https://doi.org/10.

10 ;1)112:)3}141\116;)212;1;12$5ri_zv Remke M, Martin DC, Castelo-Branco P How to cite this article: Nishimura R, Yoshida T,
Zhang CH, et al. WNT ayctivation by lithium abrogates TP53 mutation Torasawa M, Kashihara T, Ohe Y. Co-occurring
associated radiation resistance in medulloblastoma. Acta Neuropathol KEAPI and TP53 mutations in lung squamous cell
Commun. 2014;2:174. https://doi.org/10.1186/s40478-014-0174-y carcinoma induced primary resistance to thoracic

11.  Werbrouck C, Evangelista CCS, Lobon-Iglesias MJ, et al. TP53 path-

way alterations drive radioresistance in diffuse intrinsic pontine glio-
mas (DIPG). Clin Cancer Res. 2019;25(22):6788-800. https://doi.org/
10.1158/1078-0432.CCR-19-0126

radiotherapy: A case report. Thorac Cancer. 2023;
14(2):206-9. https://doi.org/10.1111/1759-7714.14751



https://doi.org/10.1158/2159-8290.CD-16-0127
https://doi.org/10.1111/cas.13969
https://doi.org/10.1038/nature10189
https://doi.org/10.1158/2159-8290.CD-20-0282
https://doi.org/10.1158/2159-8290.CD-20-0282
https://doi.org/10.1038/sj.onc.1206949
https://doi.org/10.1038/s41416-021-01438-2
https://doi.org/10.1038/s41416-021-01438-2
https://doi.org/10.1186/s40478-014-0174-y
https://doi.org/10.1158/1078-0432.CCR-19-0126
https://doi.org/10.1158/1078-0432.CCR-19-0126
https://doi.org/10.1158/0008-5472.CAN-15-1939
https://doi.org/10.3892/ol.2019.10940
https://doi.org/10.1158/1078-0432.CCR-11-2260
https://doi.org/10.1158/1078-0432.CCR-11-2260
https://doi.org/10.1016/j.jtho.2021.08.764
https://doi.org/10.1016/j.jtho.2021.08.764
https://doi.org/10.1111/1759-7714.14751

	Co-occurring KEAP1 and TP53 mutations in lung squamous cell carcinoma induced primary resistance to thoracic radiotherapy: ...
	INTRODUCTION
	CASE REPORT
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST
	REFERENCES


