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Abstract

Introduction: KEAP1/NFE2L2 mutant NSCLCs are chemoradiation-resistant and at high-risk
for local-regional failure (LRF) after concurrent chemoradiation (cCRT). To elucidate the impact
of durvalumab on local-regional control, we assessed LRF in NSCLC patients treated with cCRT
with and without durvalumab.
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Methods: Patients with stage 111 NSCLC treated with cCRT or cCRT and durvalumab who
underwent tumor genomic profiling were examined. The incidence of LRF and outcomes of
patients with and without KEAP1/NFE2L2 mutant tumors were assessed.

Results: We analyzed 120 consecutive patients (cCCRT alone, /7=54; cCRT and durvalumab,
n=66). Patients treated with cCRT alone had significantly more LRF events compared to those
treated with cCRT and durvalumab, with 12-month LRF incidence of 39% (95% Cl:24-54%) and
18% (95% CI1:8-28%), respectively (p=0.002). Among patients treated with cCRT alone and cCRT
and durvalumab, 20 patients (37%) and 18 patients (27%), respectively, had KEAP1/NFE2L2
mutant tumors. In patients treated with cCRT alone, KEAP1/NFE2L2 mutant tumors had worse
local-regional control (p=0.015), and on multivariate analysis, KEAP1/NFE2L2 mutation
predicted for LRF (HR, 3.9, 95% CI:1.6-9.8, p=0.003). However, patients with and without
KEAP1/NFE2L2 mutant tumors had similar LRF outcomes (p=0.541) when treated with cCRT
and durvalumab, and mutational status did not predict for LRF (p=0.545). Among KEAP1/
NFE2L2 mutant tumors, cCRT and durvalumab significantly reduced the incidence of LRF
compared to cCRT alone: 12-month LRF incidence of 62% (95% C1:40-84%) vs. 25% (95%
Cl:4-46%), respectively (p=0.021).

Conclusion: Durvalumab after cCRT significantly improves local-regional control and reduces

LRF in chemoradiation-resistant KEAP1/NFE2L2 mutant NSCLC tumors.

Keywords
durvalumab; stage 111 NSCLC; chemoradiation; KEAP1; NFE2L2

Introduction:

The addition of durvalumab to the management of unresectable locally-advanced non-small
cell lung cancer (NSCLC) has improved disease control and overall survival (1, 2). However,
the impact of durvalumab on local-regional control and the implications on radiotherapeutic
remain poorly understood. Control of local-regional disease has been independently
associated with survival outcomes among patients with NSCLC (3, 4). However, controlling
local-regional disease is a challenge with data finding nearly 50% of patients to have local-
regional progression within two years when treated with chemoradiation alone (5, 6).

Mutations in the KEAP1-NFE2L2 pathway, which plays a key role in cellular stress
response, have been postulated as a major mechanism behind chemoradiation treatment
failures in NSCLC (7, 8). Mutations in either KEAP1 or NFE2L2 are found in
approximately 25% of NSCLCs and are associated with potentially half of all local-regional
failures, presumably by interfering with chemotherapy and radiation-induced DNA damage
(9-12). The association between KEAP1/NFE2L2 mutations and outcomes in patients
treated with concurrent chemoradiation and durvalumab remains unknown as prior studies
assessing the impact of these mutations on immunotherapy outcomes have been limited to
patients with advanced NSCLC and have had conflicting results (13).

To assess the impact of durvalumab on local-regional control, we evaluted patients with
stage 111 NSCLC who completed tumor genomic testing and were treated with concurrent
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chemoradiation with or without durvalumab. We compared local-regional control outcomes
and the association between KEAP1/NFE2L2 mutations and local-regional failure among
both patient cohorts. We postulated that we would best elucidate the role of durvalumab in
treating local-regional disease by assessing outcomes in tumors with mutations known to
confer chemoradiation resistance and hypothesized that given its mechanisms independent
of inducing DNA damage (14), durvalumab would improve local-regional control regardless
of KEAP1/NFE2L2 mutational status.

Patients and Treatment:

Analysis:

We retrospectively examined consecutive patients with American Joint Committee on
Cancer (AJCC) 8™ edition stage 111 NSCLC treated between November 2013 and March
2020 who received curative intent cCRT alone or cCRT and at least one dose of durvalumab
and gave informed consent, and underwent, targeted next generation sequencing (MSK-
IMPACT; Integrated Mutation Profiling of Actionable Cancer Targets) (15, 16). Next
generation sequencing was performed off available tissue from the primary tumor or
regional nodal metastases. This research was conducted in accordance with the US Common
Rule, and this study was Institutional Review Board approved.

Standard pre-treatment evaluation included a physical examination, computed tomography
(CT) scan of the chest, abdomen and pelvis and/or whole-body fluorine-18
fluorodeoxyglucose positron emission tomography (PET), and magnetic resonance imaging
(MRI) of the head. Patients were treated with curative-intent radiation therapy most
commonly to 60Gy (range: 54Gy to 70Gy) in 2Gy fractions, and treatment was standardly
delivered using intensity-modulated radiation therapy in both cCRT alone and cCRT and
durvalumab cohorts.

Treatment planning included a 4-dimensional CT simulation, wherein the gross tumor
volume was contoured on the free-breathing CT scan using guidance from the diagnostic
PET as previously described (17). Patients were treated as per standard of care with
platinum-based doublet chemotherapy concurrent with radiation. Patients treated after
November 2017 standardly received durvalumab (10mg/kg) every two weeks for up to 12
months, as clinically indicated. Imaging with chest CT was performed every 2 — 4 months,
or more frequently as clinically warranted. All patients suspected of disease progression
underwent PET/CT imaging, and whenever feasible, biopsy.

Age, sex, stage, tumor volume, smoking history, histology, Eastern Cooperative Oncology
Group (ECOG) performance status, programmed death-ligand 1 (PD-L1) expression, KRAS,
STK11, PBRM1, SMARCA4 mutational status, KEAP1/NFE2L2 mutational status, and
time to durvalumab start from end of radiotherapy were collected. Mutations in KEAP1 and
NFE2L2 were considered as one group as previously described (8) given that they result in
the same phenotype of NFE2L2 overexpression (18).
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Baseline characteristics between patients with and without KEAP1/NFE2L2 tumor
mutations were compared using the chi-square test, Fisher’s exact or the Wilcoxon test. We
assessed for association between patient and tumor characteristics and local-regional failure
using univariate and multivariate Cox proportional hazards modeling. In patients treated
with cCRT and durvalumab, the association between tumors with coexisting mutations in
KEAP1, STK11, PBRM1 and SMARCA4 with local-regional control was also assessed
given data finding these commutations to associate with immunotherapy response in
advanced NSCLC (19). Variables with p< 0.05 on univariable analysis were analyzed in
multivariate analysis. PD-L1 was evaluated as a categorical variable, at = 1% and > 50%
expression. PD-L1 immunohistochemistry was evaluated using the E1L3N antibody (Cell
Signaling Technology, Danvers, MA), which has been validated against a 22C3 kit
performed in a commercial laboratory with comparable results (20).

Progression-free survival was defined from the start of radiotherapy to any disease-
progression or death. Local and distant failures were defined from the start of radiotherapy
to disease progression, with distant failure defined as metastatic disease progression per
AJCC 8! edition staging (21). Patients were censored from analysis at time of their first
progression event. Local-regional failure was further classified as in-field failure if a
component of disease progression occurred within or adjacent to the 90% isodose volume,
and marginal failure if within or adjacent to >50% isodose volume. Kaplan-Meier analysis
was used to determine 12-month progression-free survival and the 12-month cumulative
incidence of distant and local-regional failure and 95% confidence intervals (95% CI). The
log-rank test was used to compare progression-free survival and local-regional failure
between patients treated with cCRT alone and cCRT and durvalumab as well as to compare
the incidence of local-regional and distant failures between tumors with and without
KEAP2/NFE2L2 mutations. Differences were described as statistically significant for p-
values < 0.05. All statistical computations were performed using SPSS software Version 27
(IBM, Armonk, NY).

Patient and Treatment Characteristics:

We identified 120 patients with stage 111 NSCLC treated with definitive intent therapy who
had tumor genomic testing completed. Fifty-four of these patients were treated prior to
United States Food and Drug Administration approval of durvalumab and received cCRT
alone, whereas the remaining 66 patients were treated with cCRT and at least one cycle of
durvalumab.

Among patients treated with cCRT alone (/7= 54), median patient age was 64 years, 54% (n
= 29) were male, 63% (1= 34) were ECOG 0, 87% (n=47) were ever smokers, 78% (n=
42) had stage 111B or 111C disease, 80% (/7= 43) had tumors with adenocarcinoma histology
and PD-L1 was available in 16 (30%) patients of which 5 had tumors with PD-L1 = 1%.
Patients treated with cCRT received a median of 60 Gy and were followed for a median of
30 months (IQR: 13 — 44 months). Among patients treated cCRT alone (7= 54), 20 patients
(37%) had tumors that carried a mutation in either KEAP1 (n= 14) or NFE2L2 (7= 6)
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(Supplemental Table 1A). Patients with tumors with or without identified KEAP1/NFE2L2
mutations were similar in age, performance status, stage and histology (Table 1A). The
oncoprint of the cCRT cohort is shown in Supplemental Figure 1A.

Among patients treated with cCRT and durvalumab (7= 66), median patient age was 67
years, 58% (= 38) were male, 59% (1= 39) were ECOG 0, 94% (7= 62) were ever
smokers, 70% (1= 46) had stage 111B or I11C disease, 70% (/= 46) had tumors with
adenocarcinoma histology and PD-L1 was available in 55 (83%) patients of which 34 had
tumors with PD-L1 = 1%. Patients treated with cCRT and durvalumab received a median of
60 Gy and were followed for a median of 15 months (IQR: 11 — 24 months). Patients
received a median of 5.3 months (IQR: 2 — 11 months) of durvalumab therapy that started a
median of 1.4 months (IQR: 0.8 — 1.8 months) after the completion of radiation. In total, 20
patients (30%) discontinued durvalumab therapy due to treatment-related adverse events.
Among patients treated with cCRT alone (/7= 66), 18 patients (27%) had tumors that carried
a mutation in either KEAP1 (n=15) or NFE2L2 (n= 3) (Supplemental Table 1B). Patients
with tumors with or without identified KEAP1/NFE2L2 mutations were similar in age,
performance status, stage, histology and proportion of patients PD-L1 =1% or PD-L1 >50%
(Table 1B).

Impact of Durvalumab on Progression-Free Survival and Local-Regional Control.

Patients treated with cCRT and durvalumab had significantly longer progression-free
survival compared to patients treated with cCRT alone (Figure 1A). The 12-month PFS rate
was 59% (95% ClI, 47 —71%) in the cCRT and durvalumab group compared to 42% (95%
Cl, 29 — 55%) in the cCRT alone group (p = 0.019). Among patients treated with cCRT
alone (n7=54), there were 24 (44%) local-regional failure events occurring at a median of 9
months (IQR: 8 — 13 months) of which 22 were in-field failures and 2 were marginal.
Among patients treated with cCRT and durvalumab (7= 66), there were 12 (18%) local-
regional failure events occurring at median of 8 months (IQR: 6 — 11 months) of which 7
were classified as in-field and 4 were marginal. Patients treated with cCRT and durvalumab
had a significantly lower incidence of local-regional failure compared to patients treated
with cCRT alone. The 12-month cumulative incidence of local-regional failure was 39%
(95% CI: 24 -54%) among patients treated with cCRT compared to 18% (95% CI: 8 — 28%)
in patients treated with cCRT and durvalumab (p = 0.002) (Figure 1B).

Impact of Durvalumab on Association Between KEAP1 / NFE2L2 Mutational Status and
Local-Regional Control Outcomes.

Among patients with KEAP1/NFE2L2 tumor mutations treated with cCRT alone, the 12-
month cumulative incidence of local-regional failure in patients was 62% (95% CI, 40 —
84%) compared to 25% (95% Cl, 9 — 41%) in patients without KEAP1/NFE2L2 mutant
tumors (p = 0.015) (Figure 2A). Of the 24 patients with local-regional failure, 13 (54%) had
tumors with an identified KEAP1/NFE2I2 mutation. On univariate analysis, patients with
stage 111C disease and those with KEAP1/NFE2L 2 tumor mutations had inferior local-
regional control. On multivariate analysis, KEAP1/NFE2L2 tumor mutation [hazards ratio
(HR), 3.9, 95% Cl, 1.6 — 9.8, p=0.003] and stage I11C disease (HR, 2.2, 95% ClI, 1.3-3.6, p
= 0.003) independently associated with inferior local-regional control. KRAS mutations did
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not associate with local-regional outcomes (p = 0.47). Additionally, the incidence of distant
metastasis in patients with and without identified KEAP1/NFE2L2 mutations were similar
when treated with cCRT alone (p = 0.452) (Supplemental Figure 2A).

Among patients treated with cCRT and durvalumab who had an identified KEAP1/NFE2L 2
tumor mutation, the 12-month cumulative incidence of local-regional failure was 25% (95%
Cl, 4 — 46%) compared to 16% (95% ClI, 5 — 27%) in patients without KEAP1/NFE2L2
mutant tumors (p = 0.542) (Figure 2B). On univariate analysis, KEAP1/NFE2L2 tumor
mutational status did not associate with local-regional control outcomes (p = 0.545).
Additionally, PDL1 = 1%, PDL1 = 50%, KRAS mutation and the length of time between the
end of radiation to starting durvalumab did not associate with local-regional control. The
presence of a coexisting KEAP1, STK11, PBRM1 and SMARCA4 mutations, nor a KRAS
mutation associated with local-regional outcomes (p= 0.75 and p = 0.73, respectively)
(Table 2B). Patients with identified KEAP1/NFE2L2 tumor mutations treated with cCRT
and durvalumab had a significantly lower rate of local-regional failure compared to those
treated with cCRT alone (p = 0.021) (Figure 3). Patients with and without KEAP1/NFE2L2
tumor mutations had similar incidence of distant metastasis (p = 0.695) (Supplemental
Figure 2B).

Discussion:

While the PACIFIC trial demonstrated that durvalumab improved disease control and overall
survival in unresected stage 111 NSCLC, the impact of durvalumab on local-regional disease
control and the implications on radiotherapeutic management has been less clear. In this
study, we found patients treated with cCRT and durvalumab had a significantly lower
incidence of local-regional failures compared to patients treated with cCRT alone.
Consistent with other reports, we found patients with KEAP1/NFE2L2 mutated tumors, a
chemoradiation-resistant phenotype, to have worse local-regional control outcomes when
treated with cCRT alone (8).

However, the influence of KEAP1/NFE2L 2 mutation status on locoregional control in
NSCLC patients treated with cCRT and durvalumab has not been previously characterized,
and we did not find KEAP1/NFE2L2 mutated tumors to have worse control outcomes when
treated with cCRT and durvalumab. Furthermore, we found treatment with cCRT and
durvalumab to result in a striking improvement in local-regional control in patients with
KEAP1/NFE2L2 mutant tumors compared to cCRT alone. These data provide the strongest
evidence to date on the role of durvalumab in treating local-regional disease, including
chemoradiation-resistant KEAP1/NFE2L2 mutant tumors.

Prior to the PACIFIC study, previous studies with standard cCRT found approximately 40%
of patients to fail within the radiation field at first relapse (22). This high rate of failure and
the association between local-regional disease control and survival led to studies evaluating
radiation dose-escalation in patients with unresected NSCLC (23). In contrast to these
reports in the pre-immunotherapy era, we observed a nearly 50% reduction in the incidence
of local-regional failures in patients treated with standard cCRT and durvalumab compared
to cCRT alone. These data suggest that local-regional control can be substantially impacted
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independent of radiation dosing. Furthermore, while there has been a greater understanding
in how tumor and host genetic factors impact radiation sensitivity (24, 25), the impact of
durvalumab should also be computed in future strategies personalizing radiation dose.
Moreover, the striking impact of durvalumab on local-regional control found herein suggests
that one potential underlying mechanism by which durvalumab improves patient survival is
through its direct actions on local-regional disease.

The KEAP1/NFE2L 2 pathway plays a critical role in regulating cellular stress and the
oxidative stress response. NFE2L 2 is a transcription factor that drives the transcription of
antioxidant genes and is negatively regulated by KEAP1 (18, 26). Mutations in KEAP1/
NFE2L2 genes can lead to NFE2L 2 overexpression and thereby protect cancer cells from the
effects of radiation and cytotoxic chemotherapy (7, 8, 11). Work by Binkley and Jeon et al
established the predictive value of KEAP1/NFE2L2 mutations on radiation resistance in a
series of 232 NSCLC patients, of whom 47 were treated cCRT. That study found KEAP1/
NFE2L2 mutant tumors are at an increased risk of local-regional failure, with two-year
recurrence rates of 50% vs 17% in tumors without KEAP1/NFE2L2 mutations (8).
Consistent with these data, we also found a significantly greater incidence of local-regional
failure among KEAP1/NFE2L2 mutated tumors after cCRT alone, further validating this
subgroup to be chemoradiation resistant.

However, we did not find KEAP1/NFE2L2 mutant tumors to have inferior local-regional
failure when treated with cCRT and durvalumab, suggesting that durvalumab plays a
significant role in treating local-regional disease. Among patients with KEAP1/NFE2L2
mutant tumors, we found a marked reduction in local-regional failures in patients treated
with cCRT and durvalumab compared to cCRT alone, with 12-month failure rates of 62% vs
25%, respectively. These data suggest the importance of durvalumab in this chemoradiation-
resistant subgroup. Unlike platinum chemotherapy and radiation, immune checkpoint
inhibition (ICI) results in cancer cell death through mechanisms mostly independent of DNA
damage, supporting our finding that durvalumab improved local-regional outcomes in
chemoradiation-resistant tumors. There have been multiple reports assessing the predictive
impact of KEAP1 mutations on ICI outcomes in metastatic NSCLC with mixed findings. An
exploratory analysis of KEYNOTE-042, which compared pembrolizumab with platinum
doublet chemotherapy in PD-L1-positive advanced NSCLC, suggested pembrolizumab can
improve outcomes compared to chemotherapy regardless of KEAP1 mutational status (27).
On the other hand, a report examining the impact of KEAP1 and co-mutations with STK11,
PBRM1 and SMARCAA4 in advanced lung adenocarcinoma found poor outcomes with ICIs
that was hypothesized to be secondary to an immunologically cold tumor microenvironment
(19). However, these reports did not assess the impact of KEAP1 mutations in patients with
cCRT exposure prior to ICI initiation, and there are data suggesting that cCRT favorably
modulates the tumor microenvironment in NSCLC (28, 29). We did not find patients with
previously described co-mutations to have inferior local-regional outcomes when treated
with ICI, further suggesting that cCRT can modify the response to ICI.

The interpretation of the study is constrained by its retrospective nature and its inclusion of a
single high-volume tertiary cancer center. Furthermore, although the median patient follow-
up in both cohorts was greater than 12-months and marked differences in disease outcomes
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were noted quite early, longer follow-up will be necessary to confirm these findings,
particularly in the later cohort of patients treated with cCRT and durvalumab. Additionally,
this report studied a higher risk patient population than in recent multicenter trials given that
over 70% of patients in this study were stage I11B or I1IC (1, 23) and although patients
treated with cCRT alone and cCRT plus durvalumab were non-contemporaneous, beyond the
addition of durvalumab, chemoradiation management has remained essentially unchanged.
Patients in this study were additionally limited to those that underwent next generation
sequencing, however disease outcomes reported in this selected patient population are
consistent with outcomes from unselected patients with stage 11l NSCLC from the same
cancer center (17). Furthermore, while the mutations in KEAP1/NFE2L2 found within our
patient cohorts were not functionally evaluated, this limitation was present in both cohorts.
Overall, this study providers the most robust data to date on the impact of durvalumab on
local-regional disease outcomes and in KEAP1/NFE2L2 mutant tumors. With a growing
understanding of both the toxicity of radiotherapy on thoracic organs and the heterogeneity
of radiation sensitivity among tumors and patients (25, 30, 31), appreciating the role of
durvalumab on local-regional control can aide future trial development investigating
radiation dose and volume personalization in stage 11l NSCLC.

In conclusion, in this assessment of patients with unresected stage 111 NSCLC treated with
cCRT and cCRT and durvalumab we found durvalumab to play a significant role in
controlling local-regional disease, even in patients with KEAP1/NFE2L2 tumor mutations, a
known chemoradiation-resistant phenotype. Future strategies of precision radiotherapeutic
management in stage 111 NSCLC that build upon the understanding of tumor and host
chemoradiation sensitivity and that also recognize the contributions of durvalumab are
warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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cCRT Patient Characteristics

Table 1A.

No. of Patients (%)

KEAP1/NFE2L2wt KEAP1/NFE2L mt
Characteristic (n=34) (n=20) p - value
Median age, range 63 (44 -81) 65 (47 - 82) 0.99
Sex 0.48
Female 17 (50) 8 (40)
Male 17 (50) 12 (60)
Performance Status 0.35
ECOG 0 23 (67) 11 (55)
ECOG 1 11 (33) 9 (45)
Gross Tumor Volume (cc)
Median, Range 102 (12.8 - 324.8) 122.5(19.6 - 522.1) 0.23
Histology 0.26
Adenocarcinoma 28 (82) 15 (75)
Squamous Cell 4(12) 5 (25)
Other 2 (6) 0
AJCC 8t Overall Stage 0.57
A 9 (26) 3(15)
1B 19 (56) 14 (70)
nc 6 (18) 3(15)
Smoking History 0.03
Yes 27 (80) 20 (100)
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Table 1B.

cCRT + Durvalumab Patient Characteristics

No. of Patients (%0)
KEAP1/NFE2L2wt KEAP1/NFE2L mt

Characteristic (n=48) (n=18) p - value
Median age, range 66 (45-81) 69 (65— 85) 0.14
Sex 0.72
Female 21 (44) 7 (39)
Male 27 (56) 11 (61)
Performance Status 0.36
ECOG O 30 (63) 9 (50)
ECOG 1 18 (37) 9 (50)

Gross Tumor Volume (cc)

Median, Range 109.7 (7 - 600.7) 143.4 (13.5-392.6) 0.98
Histology 0.39
Adenocarcinoma 34 (71) 12 (67)
Squamous Cell 11 (23) 3(16)
Other 3(6) 3(16)
PDL1 Expression 0.76
<1% 15 (31) 6 (33)
> 1% 24 (50) 10 (56)
Not available 9 (19) 2(11)
PDL1 =50% 0.41
< 50% 26 (54) 13 (72)
= 50% 13 (27) 3(17)
Not available 9 (19) 2 (11)
AJCC 8t Overall Stage 0.59
1A 15 (31) 5(28)
1B 25 (52) 8(44)
1nic 8(17) 5 (28)
Smoking History 0.45
Yes 45 (94) 18 (100)
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Table 2A.
Predictors for Local-Regional Failure with cCCRT
Univariate Multivariate
HR (95% CI) p - value HR (95% CI) p - value
Age 1.0 (0.96 - 1.06) 0.70
Sex 0.68 (0.44 — 1.04) 0.08
ECOG0OvVsECOG 1 1.56 (0.64 —3.70) 0.33
Histology * 11(067-181) 070
Gross Tumor Volume 1.003 (1-1.01) 0.07
Stage NIC vs IHIA/INIB  1.66 (1.06-2.59)  0.03  217(1.31-358)  0.003
KRAS mt 1.49 (0.51-4.41) 0.47
KEAP1/NFE2L2 mt 2.64 (1.17-5.88) 0.02 3.95 (1.56 —9.81) 0.003

*
Adenocarcinoma vs Squamous/Other
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Predictors for Local-Regional Failure with cCRT and Durvalumab

Table 2B.

Univariate
HR (95% CI) p - value
Age 1.0 (0.93 - 1.07) 0.98
Sex 1.03 (0.33 - 3.26) 0.96
ECOG0OvsECOG 1 0.91 (0.27 - 3.04) 0.88
Histology * 1.76 (0.56 — 5.56) 0.33
Gross Tumor Volume 1.003 (0.99 - 1.01) 0.15
Stage I11C vs IHIA/I11B 1.46 (0.39-5.41) 0.57
KRAS mt 1.23(0.37-4.14) 0.73
KEAP1/STK11/PBRM1/SMARCA4 CoMt  0.78 (0.17 - 3.58) 0.75
KEAP1/NFE2L2 mt 1.45 (0.44 - 4.83) 0.56
PD-L1 =2 50% 1.07 (0.29 — 4.05) 0.96
PD-L121% 1.05 (0.31 - 3.59) 0.94
Time to Durvalumab Start 0.82 (0.41 - 1.66) 0.54

*
Adenocarcinoma vs Squamous/Other
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