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A B S T R A C T

Purpose
This study was conducted to determine if prophylactic cranial irradiation (PCI) improves survival in
locally advanced non–small-cell lung cancer (LA-NSCLC).

Patients and Methods
Patients with stage III NSCLC without disease progression after treatment with surgery and/or
radiation therapy (RT) with or without chemotherapy were eligible. Participants were stratified by
stage (IIIA v IIIB), histology (nonsquamous v squamous), and therapy (surgery v none) and were
randomly assigned to PCI or observation. PCI was delivered to 30 Gy in 15 fractions. The primary
end point of the study was overall survival (OS). Secondary end points were disease-free survival
(DFS), neurocognitive function (NCF), and quality of life. Kaplan-Meier and log-rank analyses were
used for OS and DFS. The incidence of brain metastasis (BM) was evaluated with the logistic
regression model.

Results
Overall, 356 patients were accrued of the targeted 1,058. The study was closed early because of
slow accrual; 340 of the 356 patients were eligible. The 1-year OS (P � .86; 75.6% v 76.9% for
PCI v observation) and 1-year DFS (P � .11; 56.4% v 51.2% for PCI v observation) were not
significantly different. The hazard ratio for observation versus PCI was 1.03 (95% CI, 0.77 to 1.36).
The 1-year rates of BM were significantly different (P � .004; 7.7% v 18.0% for PCI v observation).
Patients in the observation arm were 2.52 times more likely to develop BM than those in the PCI
arm (unadjusted odds ratio, 2.52; 95% CI, 1.32 to 4.80).

Conclusion
In patients with stage III disease without progression of disease after therapy, PCI decreased the
rate of BM but did not improve OS or DFS.

J Clin Oncol 29:272-278. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Brain metastases (BM) in patients with non–small-
cell lung cancer (NSCLC) are a devastating problem
with profound impact on survival and quality of life
(QoL). Although studies have shown that prophy-
lactic cranial irradiation (PCI) is successful in de-
creasing the incidence of BM,1-3 preventative
treatments for BM are rarely employed in clinical
practice because of the lack of proven survival ad-
vantage and potential for toxicity.

Since the first prospective, randomized studies
evaluating PCI for locally advanced non–small-cell
lung cancer (LA-NSCLC) were conducted more

than 2 decades ago, advances in surgical and radia-
tion techniques have resulted in improved locore-
gional control of LA-NSCLC. Routine use of
systemic therapy has resulted in decreased risk of
nonbrain metastases but has limited impact on BM,
which leaves the brain relatively undertreated.4-8 As
patient survival lengthens, the risk of BM is in-
creased. Several reviews have shown that longer sur-
vival for patients with LA-NSCLC5,9,10 is associated
with an increased incidence of BM.

Recent studies employing multimodality
therapy have reported median survival (MS)
ranging from 20 to 43 months and 3-year survival
rates of 34% to 37% for LA-NSCLC.6,11-16 These
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studies reported the brain to be one of the most frequent sites of
initial failure. Overall, BM rates ranged from 22% to 55%, and
brain as first site of relapse ranged from 16% to 43%.

This study was undertaken to reassess the use of PCI in the
current era of lung cancer therapy. Since the original NSCLC PCI
studies were completed, patients with LA-NSCLC are living longer
with increasing incidence of BM and, thus, appear more likely to gain
a survival advantage with PCI.

The Radiation Therapy Oncology Group (RTOG), with cooper-
ation from the other US and Canadian cooperative groups, conducted
a study of PCI for patients with LA-NSCLC after locoregional and
systemic treatment. This study was designed to evaluate the impact of
PCI on overall survival (OS), the incidence of brain metastases,
disease-free survival (DFS), neurocognitive function (NCF) and QoL.

PATIENTS AND METHODS

Patient Selection

Patients with stage IIIA to IIIB NSCLC were study eligible if they had
stable disease or better (ie, complete response or partial response) after poten-
tially curative therapy, defined as high-dose thoracic radiation therapy (RT; ie,
� 30 Gy) or surgery. Radiation could be given with or without neoadjuvant,
adjuvant,orconcurrentchemotherapy.Pre-orpostoperativeRTand/orchem-
otherapy were allowed. Therapy had to have been complete within 16 weeks of
study entry. Patients were restaged with computed tomography (CT) scan of
the chest and abdomen and magnetic resonance imaging (MRI) of the brain
within 6 weeks of study entry. CT with contrast of the brain was allowed if MRI
was contraindicated and if performance for pretreatment assessment was
required for follow-up imaging.

Patients could have no evidence of progressive intrathoracic disease,
brain metastases, or extracranial metastases. Any acute or subacute grade � 3
toxicities from previous therapy had to decrease to grade � 2 at the time of
study entry.

Treatment and Follow-Up

Patients were stratified by stage (IIIA or IIIB), histology (nonsquamous
or squamous), and therapy (surgery or none) and were randomly assigned to
either PCI or observation. Patients randomly assigned to PCI were treated with
2 Gy per fraction, 5 days per week, to 30 Gy. Acute PCI toxicity was graded by
using the National Cancer Institute Common Terminology Criteria (NCI-
CTC) version 2.0. Late PCI toxicity was graded by using the RTOG/European
Organisation for Research and Treatment of Cancer (EORTC) Late Toxicity
Criteria. All patients had evaluation of NCF and QoL at baseline. NCF was
reassessed at 3, 6, 12, 18, 24, 30, 36, and 48 months and then yearly. QoL was
assessed, and brain imaging was performed at 6, 12, 24, 36, and 48 months and
then yearly. Patients were observed in follow-up at 6 months from start of PCI,
every 6 months for 2 years, and then yearly.

Study Design and End Points

The study was originally designed to test whether the OS rate of the PCI
arm improved by 20% compared with the observation arm at 1 year. A total
number of deaths of 527 was required with at least 12 months follow-up for
each patient to have a statistical power of 80% with a one-sided significance
level of .025. Given that 5% of patients are either retrospectively ineligible or
notevaluablebecausetheyneverstartanytherapy,atotalof529patientsperarmor
1,058 randomly assigned patients would have been required. The primary analysis
of OS rate at 1 year was done when each patient had at least 12 months of
follow-up. A failure event of OS was defined as death as a result of any cause.

The secondary objectives were to evaluate the effects of PCI on disease-
free survival (DFS), brain metastasis, NCF, and QoL. A failure event of DFS
was defined as the earliest event of death as a result of any cause, local progres-
sion, regional metastasis, distant metastasis, or second primary. The failure
event of BM was defined as any evidence of metastatic disease in the brain.
Time to event was measured from the date of random assignment to the date

of failure or to the date of most recent follow-up if no failure occurred. The
neurocognitive impact of PCI was evaluated by the Mini Mental Status Exam,
Activities of Daily Living Scale,17 and Hopkins Verbal Learning Test.18 The
EORTC Quality-of-Life Questionnaire-C3019 and Brain Module N2020 were
used to evaluate QoL.

Statistical Methods

This analysis was undertaken after all patients had been potentially ob-
served for a minimum of 12 months. The OS, DFS, and BM were estimated by
the Kaplan-Meier method21 and were analyzed by using the stratified log-rank
test22,23 and P � .025 (one-sided significance level). In addition, a Cox pro-
portional hazards regression model 24 was used to calculate hazard ratios. The
models included effects for treatment arm (observation v PCI [reference level;
RL]). The 95% CI for the median time was calculated by using the method of

Table 1. Pretreatment Demographic and Clinical Characteristics

Variable

PCI (n �
163)

Observation
(n � 177)

P �No. % No. %

Age, years
Median 63 62 .60
Range 39-84 39-83

Sex
Male 102 63 110 62 .93
Female 61 37 67 38

Zubrod performance status
0 77 47 105 59 NA†
1 76 47 68 38
2 8 5 4 2
3 1 1 0 0
Unknown 1 1 0 0
0 77 47 105 59 .03
� 0 86 53 72 41

Histology
Squamous cell carcinoma 51 31 60 34 NA†
Adenocarcinoma 53 33 60 34
Large-cell undifferentiated 11 7 8 5
Combined/mixed 0 0 4 2
Non–small-cell carcinoma, NOS 44 27 43 24
Other 4 2 2 1
Squamous 51 31 64 36 .34
Nonsquamous 112 69 113 64

Stage
IIIA 88 54 96 54 .96
IIIB 75 46 81 46

Prior chemotherapy/RT
Chemotherapy/RT 147 90 160 90 NA†
Chemotherapy alone 3 2 3 2
RT alone 13 8 14 8

Prior surgery
No 106 65 119 67 .67
Yes 57 35 58 33

Entire prior therapy regimen
RT and chemotherapy 97 60 110 62 NA†
RT only 9 6 9 5
Surgery and chemotherapy 3 2 3 2
Surgery and RT 4 2 5 3
Surgery, RT, and chemotherapy 50 31 50 28

NOTE. Total No. of patients � 340.
Abbreviations: PCI, prophylactic cranial irradiation; NA, not applicable; NOS,

not otherwise specified; RT, radiation therapy.
�Age was tested with a t test; all others, with an �2 test.
†Insufficient cell counts.

PCI, Non–Small-Cell Lung Cancer, Brain Metastases, RTOG
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Brookmeyer and Crowley.25 Logistic regression model 26 was used to model
the incidence of brain metastases (presence v absence) associated with impor-
tant prognostic variables at 1 year by controlling for the treatment group. All
statistical comparisons were considered statistically significant with a P value
of less than .05 (two sided). A Statistical Analysis System (SAS Institute, Cary,
NC) software package was used for all statistical analyses.

RESULTS

The study opened to accrual on September 19, 2002, and closed on
August 30, 2007. The study was closed early as a result of slow accrual.
Targeted accrual was 1,058. Projected monthly accrual was 29 pa-
tients. Total accrual was 356 patients, with an average monthly accrual
rate of six patients.

Among 356 patients entered onto this study; nine patients (seven
from the PCI arm, and two from the observation arm) were ineligible,
and seven patients (six from the PCI arm, and one from the observa-
tion arm) withdrew consent. Data from 340 eligible patients were
analyzed as of November 2008.

At the time of this analysis, there were 150 patients alive with 23.8
months of median follow-up (range, 2 to 60.7 months) and there were
17 patients alive with less than 12 months of follow-up; three of these
patients withdrew consent for follow-up. The pretreatment character-
istics were evenly distributed between the two arms (Table 1) except
for the Zubrod performance status (P � .03). The majority (96%) of
patients had a Zubrod performance status of 0 to 1. A performance
status of 0 (versus greater than 0) was not associated with OS, DFS, or
incidence of BM. The median age was 62 years (range, 39 to 84 years).
Approximately 62% of the patients were men. Approximately 34% of
patients had squamous histology. Of the patients with nonsquamous
histology, 49% had adenocarcinoma.

Primary End Point

At the time of this analysis, 190 deaths had occurred of 340
evaluable patients (Fig 1). There was not a significant difference in OS
at 1 year between the two arms. The 1-year OS rates were 75.6% and
76.9% for PCI and observation arms, respectively (Fig 2A). Estimated
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Fig 2. Overall survival and disease-free survival. PCI, prophylactic cranial
irradiation; HR, hazard ratio.

Analyzed (n = 177)
  Excluded from analysis (n = 3)
    Withdrew consent (n = 2)
    Registered > 16 weeks from
      completion of definitive therapy (n = 1)

Analyzed (n = 163)
  Excluded from analysis (n = 13)
    Withdrew consent (n = 6)
    Registered > 16 weeks from
    completion of definitive therapy (n = 5)
    Bone metastasis at time of
      registration (n = 1)
    Patient had colon cancer, 
      not NSCLC (n = 1)

Lost to follow-up (n = 0)Lost to follow-up (n = 0)

Allocated to observation (n = 180)
  Received allocated intervention (N/A)

Allocated to intervention (n = 176)
  Received allocated intervention (n = 158)

Randomly allocated
(N = 356)

Fig 1. CONSORT diagram. NSCLC, non–
small-cell lung cancer.
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MS duration times were 25.8 and 24.8 months (P � .86) for PCI and
observation arms, respectively (Table 2). The hazard ratio for obser-
vation arm versus PCI arm was 1.03 (95% CI, 0.77 to 1.36).

DFS and BM

There were 240 DFS events at the time of analysis. There was not
a significant difference in DFS between the arms. The 1-year DFS rates
were 56.4% and 51.2% for PCI and observation arms, respectively
(P � .11; Table 2; Fig 2B). The hazard ratio for the observation versus
PCI arm was 1.23 (95% CI, 0.95 to 1.59). Fifty-one patients had BM at
the time of analysis. The 1-year BM rates were 7.7% and 18.0% for PCI
and observation arms, respectively (P � .004; Table 2; Fig 3). The
hazard ratio for observation versus PCI arm was 2.35 (95% CI, 1.29 to
4.30). Results from a logistic regression model show that the unad-
justed odds ratio of the incidence of BM was 2.52 (95% CI, 1.32 to
4.80; P � .005). Patients in the observation arm were 2.52 times more
likely to have BM than those in the PCI arm.

PCI-Related Toxicity

The worst nonhematologic acute grade 1, 2, 3, and 4 toxicities
occurred in 14%, 34%, 4%, and 1%, respectively. Grade 1 acute
toxicity was primarily constitutional and gastrointestinal, whereas
grade 2 acute toxicity was constitutional and dermatologic. Six pa-
tients experienced grade 3 acute toxicity. This included four patients
with grade 3 fatigue. Of these, two patients had grade 3 fatigue only,

whereas one patient had both grade 3 fatigue and dyspnea and one
patient had grade 3 fatigue, ataxia, and depression. One patient had
grade 3 hematologic toxicity only, and one patient had unspecified
grade 3 pain only. Acute grade 4 mood alteration/depression was

Table 2. Outcome Estimates

Outcome by time

PCI (n � 163) Observation (n � 177)

P �No. at Risk
Survival/Failure
Estimate (%) 95% CI (%)

No. at
Risk

Survival/Failure
Estimate (%) 95% CI (%)

Overall survival
6 months 149 93.2 88.1 to 96.2 160 92.0 86.9 to 95.2 .86
12 months 115 75.6 68.1 to 81.5 129 76.9 69.9 to 82.5
MST, months 25.8 24.8

95% CI 22.6 to 31.3 20.5 to 27.4
No. of patients who died 90 100
HR of observation v PCI arm 1.03

95% CI 0.77 to 1.36
Disease-free survival

6 months 119 74 66.5 to 80.1 121 69.7 62.2 to 75.9 .11
12 months 86 56.4 48.4 to 63.7 86 51.2 43.5 to 58.3
MDFST, months 13.8 12.3

95% CI 11.6 to 18.8 10.5 to 13.1
No. of patients who experienced failure 108 132
HR of observation v PCI arm 1.23

95% CI 0.95 to 1.59
CNS metastasis

6 months 145 3.3 1.4 to 7.6 144 10.7 6.9 to 16.5 .004
12 months 109 7.7 4.3 to 13.4 113 18.0 12.9 to 24.9
MCNSMT, months Not reached Not reached

95% CI
No. of patients who experienced failure 15 36
HR of observation v PCI arm 2.35

95% CI 1.29 to 4.30

NOTE. HR quantifies how much more or less risk patients at some level have than those at the reference level. CI that includes 1 indicates that no difference exists
between the subgroups.

Abbreviations: PCI, prophylactic cranial irradiation; MST, median survival time; HR, hazard ratio; MDFST, median disease-free survival time; MCNSMT, median CNS
metastasis time.

�From stratified log-rank test.
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Fig 3. Brain metastases. Mets, metastasis; PCI, prophylactic cranial irradiation;
HR, hazard ratio.
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reported in one patient. There was no late PCI toxicity greater than
grade 3. Four patients reported grade 3 late toxicity, including dys-
pnea, syncope, weakness, and fatigue. The QoL and NCF analyses are
the subject of a separate publication.

DISCUSSION

Prior randomized, controlled trials1-3 and several prospective studies
without brain primary end points and retrospective studies evaluating
PCI for NSCLC have been published and are summarized in Tables 3
and 4 with refs 27, 31, 33, 34, 32, 11.11,27-31 Studies have consistently
shown a decrease and/or delay in BM with PCI of a magnitude similar
to our study. PCI has not become part of standard management for
LA-NSCLC because of concern for long-term toxicity and lack of a
proven survival benefit. The lack of OS benefit in former studies has
been attributed to poor locoregional and extracranial control and/or
small study size. Improved RT techniques and the increased use of
combined-modality therapy have resulted in improved patient sur-
vival but also more BMs. Thus, it was the ideal time to conduct a study
powered to show a survival advantage and to prospectively study the
long-term effects on NCF and QoL.

Unfortunately, despite securing commitment to participate from
each of the North American Cooperative Groups, the study did not
approach predicted accrual, which resulted in early closure. Despite
early closure, this is the largest randomized, controlled trial to evaluate

PCI in patients with LA-NSCLC to our knowledge and the only study
of its kind in the era of combined-modality therapy. The study has
shown that patients with LA-NSCLC who did not receive PCI were
2.52 times more likely to develop BM than patients who received PCI.
It is possible that a survival advantage may become evident with longer
follow-up. However, at the time of this analysis, the OS curves were
superimposed. The DFS curves separated after 3 months in favor of
PCI. More patients in the observation group had BM compared with
the PCI group, which may explain the separation in the DFS curves.

Although the survival rate in our study is higher than in prior
randomized, controlled trials, the BM rates were not as high as pre-
dicted on the basis of recent data from patients treated with
combined-modality therapy. Studies employing multimodality ther-
apy for LA-NSCLC with MS durations of greater that 20 months have
reported the brain as one of the most frequent sites of initial disease
failure, with overall brain failure rates of 22% to 55%, and the brain as
first site of relapse in 16% to 43%.6,11-16

We expect BM to increase with continued follow-up, but it is
not likely to reach the level anticipated in the design of this study.
Most BMs occur within 2 years of diagnosis.6,10,12-14,32,33 Median
time to relapse in the brain is 5.7 to 11.7 months.10,12-14,32 Gaspar et
al33 reviewed timing of BM in patients treated on several Southwest
Oncology Group studies. Only 17% of the BMs occurred more
than 12 months after treatment. It is important to note that the
outcomes of RTOG 0214 are measured from time of accrual, not

Table 3. Randomized, Controlled Trials Evaluating PCI

Study
No. of

Patients
Primary
Therapy Dose (Gy)

CNS Metastases
1-Year

Survival (%)
Median Survival

(months)Observation (%) PCI (%) P

VALG 19811 281 RT only
(all NSCLC)

20 (2 Gy � 10) 13 6 .038 NA 7-8

MDACC 19843 97 Multimodality
(all NSCLC)

30 (3 Gy � 10) 27 4 .002 NA NA

RTOG 19912 187 RT only
(nonsquamous)

30 (3 Gy � 10) 19 9 .10 13 (2-year) 8

RTOG 2009 (this study) 340 Multimodality
(all NSCLC)

30 (2 Gy � 15) 18 7.7 .004 75 25

Abbreviations: PCI, prophylactic cranial irradiation; VALG, Veterans Affairs Lung Group; RT, radiation therapy; NSCLC, non–small-cell lung cancer; NA, not applicable;
MDACC, MD Anderson Cancer Center; RTOG, Radiation Treatment Oncology Group.

Table 4. Retrospective and Nonrandomized Prospective Trials Evaluating PCI

Study Primary Therapy PCI Dose (Gy)

CNS Metastases

Overall Survival
Rates (%)

Median Survival
(months)

Observation PCI

P RR 95% CI%
No. of Patients/

Total No. %
No. of Patients/

Total No.

Jacobs 198730 NA 30 (2 Gy � 15) 24 14/58 5 1/20 .06 NA NA 17
Skarin 198929 Trimodality (all NSCLC) 36 (2 Gy � 18) 26 7/27 14 1/7 NA 31 at 3-5 years 32
Strauss 199228 Trimodality (nonsquam) 30 (2 Gy � 15) 12 5/41 0 0/13 NA 58 at 1 year 15.5
Albain 199527 Trimodality (all NSCLC) 36 (2 Gy � 18) 16 16/100 8 2/26 .44 NA 37 at 2 years;

27 at 3 years
15

Stuschke 199911 Trimodality (all NSCLC) 30 (2 Gy � 15) 54 15/28 13 6/47 � .001 0.14 0.03 to 0.69 31 at 3 years 20
Pottgen 200731 Trimodality (all NSCLC) 30 (2 Gy � 15) 34.7� 7.8† NA 16-18 at 5 years NA

Abbreviations: PCI, prophylactic cranial irradiation; RR, relapse rate; NA, not available; NSCLC, non–small-cell lung cancer; nonsquam, nonsquamous.
�95% CI, 15.7% to 53.7%.
†95% CI, 0% to 18.5%.
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from time of diagnosis. Time of accrual could be as long as 16
weeks after completion of therapy and is likely a minimum of 8
additional weeks from diagnosis.

The selection process in this study may have unintentionally
selected patients with a low risk of BM. Primary treatment varied from
radiation alone to chemotherapy, radiation, and surgery; therefore the
primary therapeutic intervention alone does not explain the relatively
long survival in this study. Long survival may be partially due to
selection of patients with favorable prognostic factors, including low-
volume clinical and subclinical disease that may predict for lower rates
of BM. Additionally, many potential patients may not have been
eligible because of disease failures occurring after the completion of
therapy but before consideration of study enrollment.

TherearepatientsforwhompreventionofBMwillresult incureand
for whom treatment with PCI should be considered either on an individ-
ual basis or, preferably, on a clinical trial. Defining the cohort of high-risk
patients is difficult, because it is dependent on reports that often have
conflictingresults.Althoughacuteandlate toxicitiesofPCIareacceptable
and QoL is not different between the PCI and observation arms in this
study, there was a decline in NCF. Therefore, it is important to identify
patientswhohaveavery lowriskofBMforwhomPCIisunnecessaryand
for whom even minimal NCF deficits are not acceptable.

Pretreatment factors that consistently predict for high rates of
BM include histology,4,5,9,34 extent of disease,14,32,35 and young
age.12,14,33 Serum carcinoembryonic antigen in adenocarcinoma of
the lung36 and immunohistochemical staining for vascular endothe-
lial growth factor C (VEGF-C) in LA-NSCLC37 have also been associ-
ated increased risk of BM.

Patients with more advanced disease are at higher risk for BM
and if locoregional disease is controlled, these patients are the most
likely to derive a survival benefit from PCI. Reviews of patients treated
surgically have shown that mediastinal nodes � 2 cm in diameter,14

stage IIIB versus IIIA,32 and greater number of lymph nodes and nodal
regions35 predict for high rates of BM.

It is generally understood that BMs develop more often with
adenocarcinoma and large-cell carcinoma than with squamous cell
carcinoma.4,5,9,34 However, not all studies have shown a significant
correlation3,6,11,14,31,32,38 and have shown that patients with locally
advanced disease and control of disease with aggressive multimodality
therapy are at high risk for BM regardless of histology. Although assess-
ment of risk factors for failure was not reliable because of the low number
of BM, nonsquamous histology in this study was the only factor other
than observation that was associated with an increased risk of BM.

Several reviews have shown an association between younger age
and increased risk of BM from lung cancer.12,14,33 Age younger than 50
to 60 years has been associated with an increased overall risk of BM14,33

and of brain as first site of failure.12 Other series have not shown an
increased risk of BM with young age.13,32

Future studies assessing prophylactic treatment should focus on
the highest risk patients, including those with individual or combina-
tion of poor-risk features, including adenocarcinoma, high-volume
disease, young age, and predictive biomarkers. Appropriate timing of
PCI is critical, as the patients at highest risk for failure are more likely to
experience failure early. Attention should be paid to minimizing the
risk of PCI with selective RT planning or neuroprotectants.

In conclusion, this study has shown that PCI decreases BM in
patients with LA-NSCLC. Additional follow-up is necessary to assess a
possible survival advantage of PCI and improve our understanding of
the impact of PCI on failure patterns and NCF and QoL. However at
this time, PCI is not recommended as standard therapy on the basis of
this study or the available data, because there is no evidence of a
survival benefit in patients with LA-NSCLC.
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