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Purpose: Brain metastases (BMs) are a common source of morbidity and mortality. Guidelines do not advise brain surveillance for
locally advanced non-small cell lung cancer (LA-NSCLC). We describe the incidence, time to development, presentation, and
management of BMs after definitive chemoradiotherapy (CRT).
Methods and Materials: We reviewed records of patients with LA-NSCLC treated with CRT within the period from 2013 to 2020.
Descriptive statistics were used to characterize the population and the Kaplan-Meier method was used to estimate time to BM. Fisher
exact tests and Wilcoxon rank-sum tests were used to compare outcomes between symptomatic and asymptomatic patients.
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Results: A total of 219 patients were reviewed including 96 with squamous cell carcinoma, 88 with adenocarcinoma, and 35 with large
cell/not otherwise specified (LC/NOS). Thirty-nine patients (17.8%) developed BMs: 35 (90%) symptomatic and 4 (10%)
asymptomatic. The rate of BM was highest in LC/NOS (34.3%) and adenocarcinoma (23.9%). Ninety percent of BMs occurred within
2 years. All asymptomatic patients underwent stereotactic radiosurgery alone, compared with 40% of symptomatic patients (P = .04).
Symptomatic patients were more likely to require hospitalization (65.7% vs 0%, P = .02), craniotomy (25.7% vs 0%, not significant),
and steroids (91.4% vs 0%, P < .001). Cumulative BM volume was higher for symptomatic patients (4 vs 0.24 cm3, P < .001) as was
median greatest axial dimension (2.18 vs 0.52 cm, P < .001).
Conclusions: We identified a high rate of BMs, particularly in LC/NOS and adenocarcinoma histology NSCLC. The majority were
symptomatic. These results provide rationale for post-CRT magnetic resonance imaging brain surveillance for patients at high risk of BM.
© 2022 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedH1Introduction TaggedEnd

TaggedPBrain metastases (BMs) from locally advanced non-
small cell lung cancer (LA-NSCLC; stage IIB-III)1 are a
common form of distant metastatic failure and a signifi-
cant source of morbidity and mortality.2,3 The incidence
of BM varies widely with stage, histopathology, and
molecular status (EGFR, ALK, KRAS, etc.), but has been
reported to be as high as 25% to 43%.4-8 The PACIFIC
study, which established consolidative immunotherapy
after definitive chemoradiotherapy (CRT) as the standard
of care in LA-NSCLC, reported that at progression more
than 60% of new extrathoracic recurrences involved the
brain, regardless of immunotherapy receipt.9 Despite this,
there is currently no standard recommendation for mag-
netic resonance imaging (MRI) for brain surveillance after
completion of CRT. At present, the most recently updated
guidelines from the National Comprehensive Cancer Net-
work recommend repeat brain MRI and positron emis-
sion tomography/computed tomography for restaging
only after recurrence.10 Given that the brain represents a
common extrathoracic site of first failure, this “reactive”
imaging strategy is often inadequate for early detection of
BMs when they are still asymptomatic and potentially
amenable to limited treatment such as stereotactic radio-
surgery (SRS).9,11,12 As a result, most BMs are identified
only after they become symptomatic, necessitating aggres-
sive management such as corticosteroids, craniotomy, or
whole brain radiation therapy, all of which can dramati-
cally affect quality of life.13TaggedEnd

TaggedPIn addition to the negative effect on patients’ quality of
life, the delayed detection of BM until symptomatic pre-
sentation has been shown to lead to worse cancer-related
outcomes and a greater financial burden on the medical
system.14 Despite the established incidence and significant
clinical effect of BMs in LA-NSCLC, the rate and timing
of symptomatic versus asymptomatic BMs are not well
reported. One of the most recent phase 3 randomized
prophylactic cranial irradiation (PCI) studies, NVALT-
11, specifically assessed stage III NSCLC (including ade-
nocarcinoma and squamous cell carcinomas) and demon-
strated a 27% incidence of symptomatic BM in the
observation arm where most metastases occurred within
2 years of definitive therapy. Importantly, brain MRI was
only ordered at the onset of clinical symptoms, and these
were not ordered as surveillance examinations.11TaggedEnd

TaggedPDetection of BM after CRT for LA-NSCLC presents a
unique opportunity to institute an evidence-based MRI
screening strategy in LA-NSCLC patients at highest risk
for BM. The development and implementation of a high-
yield brain MRI schedule within the first 1 to 2 years
post-CRT would be hypothesized to increase detection of
asymptomatic BM. Earlier detection may mitigate the
need for many invasive/morbid treatments and allow for
more targeted interventions with fewer adverse effects. TaggedEnd
TaggedH1Methods and Materials TaggedEnd
TaggedH2Study population and treatments TaggedEnd

TaggedPIn this institutional review board−approved study, we
identified and reviewed consecutive patients treated at
our single institution with LA-NSCLC treated with defini-
tive CRT within the period from 2013 to 2020. We
excluded patients treated with palliative radiation therapy.
Clinicopathologic features including histologic subtype, T
stage, N stage, and clinical prognostic stage were recorded.
Treatment details were also recorded including radiation
therapy dose, modality, chemotherapy agents, and receipt
of adjuvant immunotherapy for consolidation. TaggedEnd
TaggedH2Outcomes of interest TaggedEnd

TaggedPDevelopment of BM was determined from the medical
record and defined as any radiologically confirmed evidence
of intracranial metastasis on MRI. The date of BM was
determined as date of first detection of brain disease on
MRI or computed tomography. The time to BM (TTBM)
was defined as the time interval from completion of CRT
to BM. Patients who did not develop BM were censored at
last follow-up or death. Symptoms at time of BM presenta-
tion were recorded as well as methods of subsequent man-
agement. Time to local failure (TTLF) was defined as the
time interval from completion of CRT to local failure
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TaggedEndTable 1 Patient characteristics and treatment details
(N = 219)

Characteristic
Median (IQR)
or n (%)

Age (y) 67 (60-73)

Sex

Male 129 (58.9)

Female 90 (41.1)
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(recurrent tumor with at least some portion within prior
treatment volume), time to regional failure (TTRF) was
defined as the time interval from completion of CRT to
regional failure (new lymph nodes involved that were not
included in initial treatment volume), and time to distant
failure (TTDF) was defined as the time interval from com-
pletion of CRT to distant failure (metastatic disease other
than BM, including subsequent lung primary). Patients
without an event were censored at last follow-up or death.TaggedEnd
Eastern Cooperative Oncology Group performance status

0 29 (13.2)

1 139 (63.5)

2 40 (18.3)

3 11 (5.0)

Smoking

Current smoker 82 (37.4)

Former smoker 128 (58.4)

Histologic subtype

Squamous cell carcinoma 96 (43.8)

Adenocarcinoma 88 (40.2)

Large cell/not otherwise specified 35 (16.0)

Tumor stage
TaggedH2Statistical analysis TaggedEnd

TaggedPDescriptive statistics were used to characterize the
patient population, including incidence of BM by histology
and management of symptomatic versus asymptomatic
BMs. The Kaplan-Meier method was used to estimate
TTBM, TTLF, TTRF, and TTDF, including the percentage
of patients who were event-free at 24 months. Log-rank
tests were used to compare the time-to-event outcomes by
histology. Fisher exact tests were used to compare propor-
tions between symptomatic and asymptomatic patients,
and Wilcoxon rank-sum tests were used to compare con-
tinuous variables between symptomatic and asymptomatic
patients and between management strategies.TaggedEnd
T0 26 (11.9)

T1 48 (21.9)

T2 58 (26.5)

T3 40 (18.3)

T4 47 (21.5)

Nodal stage

N0 11 (5.0)

N1 31 (14.2)

N2 133 (60.7)

N3 44 (20.1)
TaggedH2Brain metastasis volume measurements TaggedEnd

TaggedPVolumetric measurements were made by delineating
individual BM on the diagnostic contrast-enhanced MRI
(high-resolution T1-contrasted sequence) as a cumulative
structure in the treatment planning software (RayStation,
RaySearch Laboratories AB, Stockholm, Sweden). The
largest individual lesion was measured in the axial plane,
and the single greatest dimension was recorded. The
number of lesions were counted for each patient. TaggedEnd
Clinical disease stage

IIB 20 (9.1)

IIIA 104 (47.5)
TaggedH1Results TaggedEnd
IIIB 86 (39.3)

IIIC 9 (4.1)

Patients with brain metastases 39 (17.8)

Therapy received after brain metastasis diagnosis

No treatment 4 (10.3)

Steroids 32 (82.1)

Surgery alone 1 (2.6)

Stereotactic radiosurgery alone 18 (46.2)

Surgery and GKRS 8 (20.5)

Whole brain radiation therapy 8 (20.5)

Abbreviations: GKRS = gamma knife radiosurgery; IQR, interquar-
tile range.
TaggedH2Patient and treatment characteristics TaggedEnd

TaggedPA total of 219 patients met inclusion criteria and are
summarized in Table 1. Histology included squamous cell
carcinoma (SCC; n = 96), adenocarcinoma (n = 88), and
large cell/not otherwise specified (LC/NOS; n = 35). Median
age at the time of CRT was 67 years. Most patients (58.9%)
were male; 210 (96%) were current or former smokers. East-
ern Cooperative Oncology Group performance status was 0
to 1 in 76.7%. T stages were as follows: T0 (11.9%), T1
(21.9%), T2 (26.5%), T3 (18.3%), and T4 (21.5%). The dis-
tribution of N stage was as follows: N0 (5%), N1 (14.2%),
N2 (60.7%), and N3 (20.1%). Clinical stage was IIB to IIIC.
One patient was identified as having a single contralateral
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lung lesion that potentially represented a synchronous pri-
mary. This patient was treated initially with induction sys-
temic therapy, followed by definitive chemoradiation to
their locally advanced disease followed by stereotactic body
radiation therapy to the contralateral nodule.TaggedEnd
Figure 1 A, Incidence of brain metastases in locally
advanced NSCLC after definitive treatment by histology.
B, Likelihood of symptomatic versus asymptomatic pre-
sentation at time of brain metastasis diagnosis. Abbrevia-
TaggedH2Incidence and timing of brain metastases TaggedEnd

TaggedPIn total, 39 patients (17.8%) developed BM, 38 (97%) of
whom had pretreatment staging MRI brain. One patient
did not have documentation available confirming that pre-
treatment brain imaging had been performed. Incidence of
BM was highest in the LC/NOS group (34.3%), followed by
adenocarcinoma (23.9%), and SCC (6.2%) (Fig. 1A). The
percentage of patients without BM at 24 months was
72.9% (95% confidence interval [CI], 62.5%-84.9%) for
adenocarcinoma, 92.2% (86.3%-98.5%) for SCC, and
53.3% (35.4%-80.1%) for LC/NOS. TTBM, TTLF, TTRF,
and TTDF results are shown in Table 2. Only TTBF was
found to differ significantly between adenocarcinoma,
SCC, and LC/NOS (P < .001), whereas TTDF did not differ
significantly based on histology. Median TTBM was 7.7
months for adenocarcinoma, 5.7 months for SCC, and 8.3
months for LC/NOS. For the entire cohort, 1-year freedom
from brain failure was 85% (95% CI, 79.9%-90.5%); for
adenocarcinoma, 80.9% (72.3%-90.5%); for SCC, 94.0%
(89.1%-99.3%); and LC/NOS, 70.4% (54.7%-90.5%). Of
patients who developed BMs, overall 69.2% (95% CI,
50.7%-80.8%) occurred in the first year: 66.7% (39.0%-
81.8%) for adenocarcinoma, 83.3% (0.3%-99.7%) for SCC,
and 66.7% (25.8%-85.0%) for LC/NOS. TTBM among the
entire cohort is shown in Fig. 2A stratified by histology.
TTBM is shown for each histology only among patients
who developed BM (Fig. 2B).TaggedEnd
tions: NOS = not otherwise specified; NSCLC = non-small
cell lung cancer. TaggedEnd
TaggedH2Presentation and management of brain
metastases TaggedEnd

TaggedPThirty-five of 39 patients (89.7%) received a diagnosis of
symptomatic BM based on the development of neurologic
symptoms including focal neurologic deficits or signs of
TaggedEndTable 2 Percentage event-free at 24 months by histology

Histology BM/n TTBM, % (95% CI) TTLF,

Adenocarcinoma 21/88 72.9 (62.5-84.9) 79.2 (6

SCC 6/96 92.2 (86.3-98.5) 64.0 (5

LC/NOS 12/35 53.3 (35.4-80.1) 71.7 (5

Total 39/219 78.2 (71.7-85.2) 71.0 (6

P value <.001 .2

Abbreviations: BM = brain metastasis; CI = confidence interval; LC/NOS =
TTBM = time to brain metastasis; TTDF = time to distant failure; TTLF = tim
elevated intracranial pressure (headache, nausea, vomiting,
etc) as shown in Fig. 1B. Narrative descriptions of the pre-
sentations and clinical courses for each patient who devel-
oped BM are provided in Table E1. Detection of
% (95% CI) TTRF, % (95% CI) TTDF, % (95% CI)

9.0-90.9) 75.9 (65.7-87.7) 64.8 (53.6-78.4)

3.4-76.9) 72.8 (62.1-85.3) 68.2 (57.7-80.5)

4.5-94.4) 65.9 (47.4-91.6) 31.8 (13.6-74.4)

3.7-79.0) 73.0 (65.8-80.9) 62.8 (55.2-71.5)

.5 .1

large cell/not otherwise specified; SCC = squamous cell carcinoma;
e to local failure; TTRF = time to regional failure.



TaggedFigure

Figure 2 A, Time to brain metastasis between histology groups for all patients (P < .001). B, Time to brain metastasis in
patients who developed brain metastases. Time is shortest for squamous cell carcinoma (SCC) followed by large cell/not
otherwise specified (LC/NOS) and adenocarcinoma. TaggedEnd
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asymptomatic BM occurred in only 4 patients, all but 1 of
which were incidentally noted at time of routine restaging
for extracranial progression detected during standard of
care follow-up. One case involved a new adrenal metastasis,
and 2 cases involved intrathoracic progression. One patient
underwent follow-up brain MRI for a previously noted vas-
cular abnormality, which resolved; however, new BMs were
incidentally detected. Additional treatment related informa-
tion for these patients with BM detected asymptomatic can
be found in Table E4. For patients presenting with symp-
tomatic BM, 91.4% required corticosteroids versus 0% for
those without symptoms (P < .001). Patients with symp-
tomatic BM were more likely to require hospitalization at
presentation (65.7% vs 0%, P = .02). All asymptomatic
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patients were able to undergo SRS alone, whereas only 40%
of symptomatic patients received SRS monotherapy
(P = .04). There was no statistically significant difference in
BM incidence based on the presence or absence of adjuvant
immunotherapy for any histology (overall 17.1% vs 18.1%,
P = 1.00). Eight patients received whole brain radiation
therapy, and in all 8 cases, 3-dimensional plans using stan-
dard opposed lateral fields were used. All SRS cases were
treated using Gamma Knife radiosurgery performed on the
Leksell Gamma Knife Perfexion. Eighteen patients received
SRS as upfront therapy, with 8 more patients requiring
surgical resection before adjuvant SRS to the resection
cavity. Median SRS dose was 20 Gy (interquartile range,
20-22) prescribed to the 50% isodose line (interquartile
range, 50-80).TaggedEnd
TaggedH2Brain metastasis volume and associated
management TaggedEnd

TaggedPBM were found to be larger both in volume as well as
single greatest axial dimension in patients presenting with
neurologic symptoms compared with those discovered
incidentally. Median cumulative BM volume was higher
for symptomatic versus asymptomatic patients (4 vs 0.24
cm3, P < .001) as was median greatest axial dimension
(2.18 vs 0.52 cm, P < .001) (Fig. 3; Table E2). Burden of
brain disease compared with management (number,
volume, and greatest axial dimension) is provided in
Table E3 and Fig. E2. Of note, patients undergoing SRS
TaggedFigure

Figure 3 Burden of brain disease between as
alone as their initial treatment had fewer BMs at diagnosis
(1 vs 7, P < .001), lower volume lesions (1.6 vs 16.4 cm3,
P < .001), and smaller greatest axial dimensions (1.4 vs
2.4 cm, P = .01). Patients with larger cumulative tumor
volume were more likely to require craniotomy as part of
their initial management (22.6 vs 2.1 cm3, P = .006).
Patients who required whole brain radiation therapy
had significantly more metastases at diagnosis (17 vs 2,
P < .001). Patients hospitalized for symptoms had larger
median axial dimensions than those managed as outpa-
tients (2.27 vs 1.22 cm, P = .04). Patients receiving ste-
roids had greater cumulative lesion volume (4.86 vs 0.39
cm3, P = .007) and greater axial dimensions (2.28 vs
0.84 cm, P = .003). Table 3 provides further details regard-
ing managment of symptomatic vs asymptomatic BMs.TaggedEnd
TaggedH1Discussion TaggedEnd
TaggedPRecent guidelines from the American Society of Clini-
cal Oncology recommend against routine surveillance
brain MRI for stage I to III NSCLC after treatment. This
recommendation is listed as an informal consensus opin-
ion based on the low quality of evidence and is indifferent
to histology/mutation status as well as disease burden.15

With the advent of detailed molecular profiling through
next-generation sequencing techniques, it is apparent that
NSCLC represents an incredibly diverse group of malig-
nancies. Adenocarcinoma and LC/NOS histologies are
ymptomatic and symptomatic patients. TaggedEnd



TaggedEndTable 3 Management of symptomatic versus asymptomatic brain metastases

Treatment Overall, n (%) Asymptomatic, n (%) Symptomatic, n (%) P value

No treatment 39 (18.3) 0 (0) 4 (11.4) 1

Steroids 32 (82.1) 0 (0) 32 (91.4) <.001

Prior immunotherapy 10 (25.6) 0 (0) 10 (28.6) .56

Active immunotherapy 3 (7.7) 0 (0) 3 (8.6) 1

Stereotactic radiosurgery alone 18 (46.2) 4 (100) 14 (40.0) .04

Surgery 9 (35.3) 0 (0) 9 (25.7) .56

Hospitalization for brain met 23 (59.0) 0 (0) 23 (65.7) .02

Whole brain radiation therapy 8 (20.5) 0 (0) 8 (22.9) .56
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already known to have a higher incidence of BMs than
squamous cell carcinoma.16 Furthermore, histology has
been shown to be predictive of patterns of brain failure
and outcomes following SRS.17TaggedEnd

TaggedPMultiple retrospective series have shown a strong
association between EGFR mutation and the develop-
ment of BM, with some series reporting greater than
40% incidence of BM in patients with EGFR-mutated
NSCLC.18 It would stand to reason that a patient with
stage IIIC EGFR-positive adenocarcinoma may benefit
from closer brain follow-up than a patient with stage
IIIA squamous cell carcinoma. This is especially true in
the era of modern high-resolution, thin-slice, contrast-
enhanced MRI techniques that are capable of detecting
BM on the order of 2 to 3 mm, which would most likely
still be asymptomatic.19TaggedEnd

TaggedPNo randomized trials have specifically evaluated the
utility of surveillance MRI in the setting of high-risk
LA-NSCLC. Several randomized studies have shown
that PCI in this setting can reduce the incidence of
BM by over 50%. However, this approach has never
translated into a clear improvement in overall survival.
Given the lack of clear survival benefit, along with the
potential for neurocognitive toxicity, PCI for NSCLC
is not routinely recommended.15 Of note, the ongoing
CC003 trial is presently evaluating the role of hippo-
campal avoidance in PCI to potentially further reduce
the cognitive adverse effects associated with irradiation
of the whole brain.20 Instead, SRS, a more focused
form of radiation, has now become a mainstay for
treating small BMs following detection rather than
prophylactically treating the entire brain. SRS has
excellent local control and minimal to mild cognitive
toxicities.21 The limits on size and number of metasta-
ses are not well defined and depend on clinical sce-
nario, but generally SRS may be considered for lesions
<3 cm, and prospective studies are assessing the use
of SRS in as many as 15 lesions.22 This noninvasive
technique is ideal for treating most asymptomatic BM. TaggedEnd

TaggedPWe demonstrated that nearly all (90%) BM detected in
our series were only found as a direct result of neurologic
symptoms. The included narratives for each presentation
in Table E1 highlight the debilitating nature of these neu-
rologic symptoms. If these BM had been detected while
asymptomatic, long-term high-dose steroids, craniotomy,
and or whole brain radiation, potentially could have been
avoided with a clear effect on quality of life. Morbidities
associated with surgical resection of BM are reported to
occur in 2% to 25% of patients and include postoperative
hemorrhage, pulmonary embolism, cerebrospinal fluid
leak, and others. Death within 30 days of surgery ranges
from 2% to 11%.23-26 It is clear that a symptomatic pre-
sentation of BM portends a worse outcome. Lester et al14

demonstrated that patients who were treated for symp-
tomatic BM were twice as likely to die of neurologic death
from brain progression than those who presented with
asymptomatic BM (42% vs 20%; P < .0001). Additionally,
they reported that management of symptomatic BM
required an average additional cost approximately 40%
more per patient compared with those with asymptomatic
disease.14TaggedEnd

TaggedPOur data highlight that there is a wide variation of dis-
ease behavior in LA-NSCLC as a group, with adenocarci-
noma and LC/NOS showing an increased risk of BM over
SCC. It also highlights the pattern of presentation of BM
in this population. With important implications for
potential future management, we found a statistically sig-
nificant association with a need for steroid therapy and
hospitalization in those presenting with symptomatic BM
compared with those discovered when asymptomatic. We
also found that patients presenting with neurologic symp-
toms were significantly less likely to be candidates for SRS
alone to manage of their disease. TaggedEnd

TaggedPTaken in this context, our data provide promising
rationale for an evidence-based brain MRI surveillance
strategy for high-risk patients with LA-NSCLC (ie, non-
squamous histology) following definitive CRT. MRI sur-
veillance at regular intervals for the first year would be
expected to capture a large proportion of those lung can-
cer patients who will eventually fail in the brain, as we
found that 90% of patients who developed BM did so
within 2 years. TaggedEnd
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TaggedPOur analysis is inherently limited by its retrospective
nature and includes a relatively small number of
patients whose BMs were detected asymptomatically.
These factors limit direct comparison of the symptom-
atic and asymptomatic groups. Additionally, genetic
markers commonly assayed in lung cancer (eg, PDL1,
EGFR, ALK) would provide useful information concern-
ing further risk stratification for the development of
BMs, but these data were not routinely available in our
database. However, our findings clearly indicate that
when BMs occur following definitive CRT for LA-
NSCLC, they are nearly always detected due to symp-
tomatic presentation and are greater in number and vol-
ume compared with lesions detected in asymptomatic
patients. Earlier detection may avoid the development
of debilitating symptoms as well as the need for inter-
ventions such as steroids, emergency craniotomy, or
whole brain radiation. An evidence-based MRI surveil-
lance strategy could have a substantial clinical effect on
patient outcomes and quality of life. Clinical trials are
presently being designed to prospectively validate these
data and to assess the role of MRI surveillance following
definitive therapy for LA-NSCLC. TaggedEnd
TaggedH1Conclusion TaggedEnd
TaggedPIn this study, we identify high rates of BM in patients
with nonsquamous histology after definitive CRT for LA-
NSCLC. The vast majority of patients with BM presented
with neurologic symptoms and symptomatic presentation
was associated with more aggressive management.
Despite the fact that current guidelines do not support
surveillance brain imaging, given these findings, we
believe a high-yield brain MRI surveillance strategy for
the first year following CRT may increase detection of
asymptomatic disease and improve patient outcomes and
quality of life. Prospective study and further validation
are warranted. TaggedEnd
TaggedH1Supplementary materials TaggedEnd
TaggedPSupplementary material associated with this article can
be found in the online version at doi:10.1016/j.
adro.2022.101058.TaggedEnd
TaggedH1References TaggedEnd
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