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Summary Introduction The PI3 kinase (PI3K) pathway is a
commonly dysregulated pathway in cancers and is an attrac-
tive target for antitumor therapy. BEZ235 is a potent, highly
specific and selective dual PI3K/mTOR inhibitor. Methods
Patients were enrolled in a 3+3 dose escalation design to
determine the maximum tolerated dose (MTD), toxicities,
and pharmacokinetics (PK) of BEZ235 when administered
twice-daily as an oral sachet. For intrapatient PK comparison,
patients were to receive a lead in of the total daily dose in a QD
schedule for the first 8 days of the initial 28 day cycle. Patients
continued treatment until unacceptable toxicity or disease pro-
gression occurred. Results Thirty-three patients received
BEZ235. Initial dose levels of 200 and 400 mg BID had no
DLTs. At the 600mgBID dose level with 1200mgQD lead in
dose two DLTs of grade 3 mucositis occurred early in the first
treatment cycle, the lead-in QD dosing was eliminated. Fa-
tigue and mucositis limited dosing at 600 mg BID in subse-
quent patients. The 400 mg BID dose level was re-explored,
with DLTs of grade 3 hyperglycemia, dehydration, fatigue,
and grade 3 thrombocytopenia. Twelve patients were enrolled

at an intermediate dose of 300 mg BID; a grade 3 mucositis
DLTwas reported in 1 patient, and this dose was declared the
MTD. Preliminary PK data demonstrate a consistent increase
in PK parameters (Cmax and AUC) with dose level compared
to QD dosing. Fifteen patients experienced stable disease as
their best response, including 10 (colorectal [4 patients], en-
dometrial [3 patients], carcinoid NOS, pancreas, and melano-
ma) who had disease control for ≥16 weeks. Conclusions The
recommended dose of BEZ235 administered BID as an oral
sachet formulation is 300 mg BID. Toxicities seen have been
reported for other dual PI3K/mTOR inhibitors.
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Introduction

The PI3K/Akt/mTOR pathway is important in the regulation
of cellular growth, proliferation, survival, and apoptosis. With
aberrant activation observed in approximately 30–50 % of
tumors, the PI3K/Akt/mTOR pathway is likely the most fre-
quently activated pathway in human cancer [1–3]. PI3K mu-
tations are frequently described in breast, ovarian, brain, stom-
ach, and colorectal cancers, while loss of PTEN mutations,
which also cause PI3K activation, are seen inmelanoma, pros-
tate, brain, and endometrial cancers [4–6].

As this pathway is an attractive target for cancer treatment,
numerous agents have been developed. BEZ235 (Novartis) is
a potent, highly specific and selective inhibitor of class I PI3K,
which also inhibits both mTORC complexes (mTORC1 and
mTORC2). The first-in-human study of BEZ235 utilized a
hard gelatin capsule formulation for daily dosing [7]. There
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were no dose-limiting toxicities (DLTs), the safety profile was
acceptable, and partial responses were seen. However, inter-
patient pharmacokinetic (PK) variability and low bioavailabil-
ity lead to the development of other formulations. Several
formulations of BEZ235 were evaluated in the subsequent
phase 1/1b trial: hard gelatin capsule, two special drug deliv-
ery system (SDS) capsule formulations (A and B, which var-
ied by size and BEZ235 content), and an SDS sachet [8]. The
hard gelatin capsule and SDS capsule A showed very high
inter-patient variability, while PK of the SDS sachet was more
consistent across patients. The MTD for once-daily adminis-
tration of the SDS sachet formulation was 1600 mg/day, with
dose-limiting grade 3 fatigue and grade 3 thrombocytopenia.

The poor solubility of BEZ235 is attributed to its pH higher
than 4, which limits dissolution and absorption in the gastro-
intestinal tract. Splitting the SDS sachet dose into a twice daily
(BID) regimen was anticipated to allow for improved daily
exposures, thereby maximizing target inhibition. The purpose
of this phase 1 study was to determine the maximum tolerated
dose (MTD), safety and pharmacokinetic (PK) profiles, and
clinical activity of BEZ235 when administered BID as the
SDS sachet formulation to patients with advanced solid
tumors.

Methods

This study (NCT#01343498) was conducted in accordance
with applicable regulatory guidelines, the International Con-
ference on Harmonization Guidelines for Good Clinical Prac-
tice, and the Declaration of Helsinki. Institutional review
boards at both participating sites (Tennessee Oncology, PLLC,
Nashville, TN; Stephenson Cancer Center, Oklahoma City,
OK) approved the study, and all patients provided written
informed consent.

Study design and drug administration

Using a 3+3 dose escalation design, cohorts of 3–6 patients
were treated with escalating BID doses of BEZ235 in 28-day
treatment cycles. For intrapatient PK comparison, patients re-
ceived a lead in on days 1–8, in which the entire amount of
drug was administered as one daily dose. This was followed
by BID dosing beginning on day 9. The daily dose lead-in was
later removed by protocol amendment due to dose-limiting
toxicities as described in the Results section. Evaluation of
at least 3 patients completing one cycle of treatment was re-
quired prior to dose escalation, and patients were required to
receive at least 80 % of doses in cycle 1 to be considered
evaluable for escalation decisions. Toxicities were graded
using the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE version 4) [9]. Grade 4
neutropenia for >7 days or febrile neutropenia, grade 4

thrombocytopenia or grade 3 thrombocytopenia with bleed-
ing, grade 3 or 4 non-hematologic toxicity (excluding rash,
nausea, diarrhea, and vomiting if controlled by supportive
care), and treatment delays of ≥14 days due to unresolved
toxicity were considered dose-limiting. TheMTDwas defined
as the highest dose at which ≤1 of 6 or ≤33 % of patients
experienced dose-limiting toxicity (DLT) during the first cycle
of treatment.

BEZ235 was supplied by Novartis Pharmaceuticals, Inc as
SDS sachets. Daily doses of BEZ235 were taken at approxi-
mately the same time each day within 30 min after a light
meal. Patients were instructed to suspend one sachet in a glass
of water or apple juice (approximately 50 mL), drink the con-
tent, and then rinse the glass using approximately one-fourth
the volume of liquid to drink the remaining sachet content.
After PK collection was completed on day 1 of cycle 2, pa-
tients were permitted to mix the sachet in chocolate milk,
yogurt, or applesauce.

Patients could continue treatment until disease progression
or intolerable toxicity. Dose reductions or holds and initiation
of supportive care were allowed at the discretion of the
treating physician. Patients who required delays in treatment
could proceed with the next cycle when the toxicity improved
to≤grade 1 or the baseline value. If a delay of more than
14 days was required due to treatment-related toxicity, patients
discontinued treatment unless the treating physician and med-
ical monitor agreed that continued treatment at a lower dose
level was in the patient’s best interest.

Patient selection

Adult patients with advanced solid tumors and Eastern Coop-
erative Oncology Group (ECOG) performance status of 0 or 1
were eligible. A protocol amendment later limited the eligible
tumor types to those that had shown preclinical and/or early
clinical activity with PI3K/mTOR inhibitors, including:
breast, renal cell, endometrial, carcinoid, and pancreatic neu-
roendocrine tumors (PNET). Adequate organ system function
for study entry was defined as: absolute neutrophil count
(ANC) ≥1.5 × 109/L; platelets ≥100 × 109/L; hemoglobin
≥9 g/dL; INR ≤2; fasting plasma glucose ≤140 mg/dL; total
bilirubin ≤1.5 times the upper limit of normal (ULN); alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
≤3 times ULN, or ≤5 times ULN with liver involvement;
creatinine ≤1.5 times ULN or calculated or measured creati-
nine clearance ≥50mL/min.Women of child-bearing potential
were required to have a negative serum or urine pregnancy test
within 72 h of starting treatment.

Patients with diabetes mellitus requiring insulin or those
with a history of gestational diabetes mellitus were excluded,
as were those who received an investigational drug within
21 days or 5 half-lives (whichever was shorter) prior to begin-
ning treatment with BEZ235. Patients with previously
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untreated brain metastases were not allowed; however, pa-
tients who had received radiation or surgery for brain metas-
tases could be enrolled if treatment was completed at least
2 weeks prior to study entry and there was no evidence of
central nervous system (CNS) progression. Patients were not
permitted to use enzyme-inducing antiepileptic drugs or
chronic corticosteroid treatment for CNS metastases. Addi-
tional exclusion criteria were: left ventricular ejection fraction
(LVEF) <50 % by multiple gated acquisition (MUGA) or
echocardiogram; QTcF >480 msec; myocardial infarction
within 6 months; New York Heart Association congestive
heart failure III-IV; inadequately controlled hypertension (sys-
tolic >180 mmHg or diastolic >100 mmHg); use of strong
CYP3A4 inhibitors; known human immunodeficiency virus
(HIV), hepatitis B or hepatitis C.

Study assessments

Prior to the initiation of treatment and at various time points
throughout the study, all patients underwent physical exami-
nation, assessment of ECOG performance status, electrocar-
diogram (ECG), echocardiogram or MUGA, and computed
tomography (CT) scans to evaluate disease. Patients were
restaged at eight-week intervals to evaluate response to treat-
ment according to the Response Evaluation Criteria in Solid
Tumors (RECIST version 1.1) [10]. Laboratory evaluations
included a complete blood count (with differential and plate-
lets), chemistry panel, cholesterol panel, hemoglobin A1C,
fasting plasma glucose, insulin, c-peptide, and fructosamine.

Pharmacokinetics

Samples for PK analysis were collected at the following time
points on days 1, 8, and 28 of cycle 1: pre-dose, 1, 2, 4, 8, 10,
12, and 24 h post-dose. Non-compartment methods were used
to assess AUC0-∞, AUC0-τ, Cmax, tmax, λZ, and half-life (t1/2).
PK parameter estimates were then used to evaluate dose
proportionality.

Pharmacodynamics

Fresh tumor biopsy samples for PD analysis were collected
prior to treatment, at the end of cycle 1, and after disease
progression, for evaluation of phosphorylation status and ac-
tivation of PI3K downstream signaling targets.

18F-FDG-positron emission tomography (PET) imaging

PET scans to measure 18F-FDG uptake were performed at
baseline and between days 15 and 22 of cycles 1 and 2.

Statistical considerations

This study tested no formal hypotheses, and analyses were
descriptive and exploratory. The study was planned to enroll
approximately 20–37 patients, depending on the number of
cohorts required to determine the MTD. All patients who re-
ceived at least one dose of BEZ235were included in the safety
analysis. Planned endpoints for response to treatment included
the proportion of patients with complete (CR) and partial (PR)
responses, proportion of patients with stable disease, and the
time to disease progression.

Results

Between April 2011 and April 2013, 33 patients were enrolled
(Table 1). The median age was 62 years (range: 20–86 years),
and the most common tumor types were colorectal (11 pa-
tients, 33 %) and breast (4 patients, 12 %). Twelve patients
(36 %) had received four or more prior lines of systemic ther-
apy. The median duration of treatment was 8 weeks (range: 1–
41 weeks); treatment duration for all patients by dose level is
shown in Fig. 1.

Table 1 Patient characteristics (N=33)

Median age, years (range) 62 (20–86)

Sex, n (%)

male 17 (52 %)

female 16 (48 %)

Baseline ECOG performance status, n (%)

0 19 (58 %)

1 14 (42 %)

Cancer type, n (%)

Colorectal 11 (33 %)

Breast 4 (12 %)

Endometrial 3 (9 %)

Carcinoida 3 (9 %)

Pancreatic 2 (6 %)

Supraglottis 2 (6 %)

PNET 1 (3 %)

Otherb 7 (21 %)

Number of prior systemic therapies, n (%)

1 8 (24 %)

2 6 (18 %)

3 7 (21 %)

4+ 12 (36 %)

a Includes: 2 carcinoid (NOS), 1 carcinoid of arytenoids
b Includes 1 each of: Gastroesophageal junction, gastric, kidney, bladder,
small cell lung, melanoma, sarcoma
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Escalation and maximum tolerated dose

Dose escalation and DLTs are shown in Table 2. Cohort 1
(200 mg BID with lead-in) and Cohort 2 (400 mg BID with
lead-in) each enrolled three evaluable patients without occur-
rence of DLT. Two patients on Cohort 3 (600 mg BID with
lead-in) had DLTs of grade 3 mucositis. Following the

observation of these toxicities, which occurred early in the
cycle, the lead-in was removed from subsequent cohorts by
amendment. The next dose level evaluated was 600 mg BID
without lead-in, and two of five evaluable patients on that dose
level had DLTs (grade 3 mucositis and grade 3 fatigue). The

Fig 1 Treatment duration by dose level (N=33)

Table 2 Dose escalation and dose-limiting toxicities (N=33)

Cohort BID
dose

QD
lead-in

Patients
treated/
evaluable

Patients
with
DLT

DLT description

1 200 mg Yes 3/3 0

2 400 mg Yes 3/3 0

3 600 mg Yes 3/3 2 G3 mucositis
(2 patients)

3a 600 mg No 7/5 2 G3 fatigue;
G3 mucositis

2a 400 mg No 2/2 2 G3 hyperglycemia,
dehydration,
fatigue;
G3
thrombocytopenia
(functional DLT)

2 expansion 400 mg Yes 3/3 1 G3 mucositis

4 300 mg No 12/10 1 G3 mucositis

Table 3 Treatment-related adverse events in >10 % of patientsa (N=
33)

Toxicitya Grade 1 Grade 2 Grade 3 Total

Diarrhea 13 (39 %) 4 (12 %) 2 (6 %) 19 (58 %)

Mucositis 7 (21 %) 7 (21 %) 5 (15 %) 19 (58 %)

Nausea 10 (30 %) 4 (12 %) 0 14 (42 %)

Rash 6 (18 %) 5 (15 %) 0 11 (33 %)

Fatigue 2 (6 %) 6 (18 %) 3 (9 %) 11 (33 %)

Vomiting 8 (24 %) 3 (9 %) 0 11 (33 %)

Anorexia 8 (24 %) 1 (3 %) 0 9 (27 %)

Hyperglycemia 1 (3 %) 4 (12 %) 3 (9 %)b 8 (24 %)

Weakness 2 (6 %) 2 (6 %) 1 (3 %) 5 (15 %)

Oral pain 4 (12 %) 0 0 4 (12 %)

Pruritus 4 (12 %) 0 0 4 (12 %)

Thrombocytopenia 0 3 (9 %) 1 (3 %) 4 (12 %)

a There were no grade 4 treatment-related adverse events
b 2 of these 3 patients did not have a DLT. 1 patient had Grade 3 hyper-
glycemia during Cycle 2 and 1 patient reported Grade 3 hyperglycemia
after discontinuing treatment due to a DLT of mucositis
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dose was then reduced to 400 mg BID without lead-in, at
which both evaluable patients had DLTs (grade 3 hyperglyce-
mia, dehydration, fatigue; grade 3 thrombocytopenia that re-
quired delayed start of cycle 2). Cohort 2 (400 mg BID with
lead-in) was then re-evaluated, and only one of three evaluable
patients at this dose had grade 3 mucositis. However, there
was chronic low-grade toxicity at this dose level, including
grade 1/2 hyperglycemia, mucositis, fatigue, anorexia, throm-
bocytopenia, and diarrhea, starting as early as Cycle 1. The
dose was reduced again to 300 mg BID without lead-in, at
which only one of 10 evaluable patients had DLT (grade 3
mucositis). The MTD and recommended dose for further
study was declared as 300 mg BID without lead-in.

Safety

Treatment-related adverse events are shown in Table 3. The
most common toxicities included (all grades): diarrhea (19
patients, 58 %), mucositis (19 patients, 58 %), and nausea
(14 patients, 42 %). Hyperglycemia (all grades) was seen in
8 patients (24 %) overall and 2 patients dosed at the MTD.
Three patients (1 patient at 400 mg BID with no lead-in, 2
patients at 600 mg BID with no lead-in) required dose reduc-
tions and 2 patients (both at 600 mg BID with no lead- in) had
treatment held. Five patients were treated with metformin,
glipizide, and glyburide, and 1 patient required insulin. Mu-
cositis was the most frequent grade 3 toxicity (5 patients,

Table 4 PK Variables

Data listed for individuals if n≤2
and as geometric mean (Standard
Deviation [range]) if n≥3. Tmax

reported as median (range)

AUC(0–24) area under the curve for
0 – 2 4 h , Cm a x max im um
concentration, Tmax time taken to
reach maximum concentration

Day 1 Patients AUC 0–24)

ng*h/mL

Cmax

ng/mL

Tmax

h

Cohort 1 3 752.9

(1367.6 [217.0–2791.6])

88.4

(147.7 [22.4–308])

2

(2–4)

Cohort 2 6 1404.4

(1881.5 [267.6–4780.9])

150.2

(132.5 [35.7–373])

4

(2–10)

Cohort 2a 2 1035.3, 1699.6 104, 102 2,4

Cohort 3 3 1791.3

(1482.8 [1169.1–3797.8])

208.9

(82.2 [141–305])

4

(2–8)

Cohort 3a 7 2385.0

(1740.5 [1150.4–5246.6])

172.2

(116.2 [89.2–402])

4

(1–8)

Cohort 4 12 937.8

(1136.3 [311.1–4048.8])

83.9

(109 [23.5–399])

2

(1–4)

Day 8 Patients AUC (0–24) ng*h/mL Cmax ng/mL Tmax h

Cohort 1 3 3286.4

(6928.7 [1396.3–13625])

316.2

(449.7 [153–961])

4

(2–8)

Cohort 2 6 16423.6

(14848.3 [7584.2–48255.5])

1303.9

(858 [812–3170)

4

(4–12)

Cohort 2a 1 26824 1340 4

Cohort 3 3 23988.0

(30153.3 [5339–65460])

1511.6

(1566 [468–3600])

8

(4–8)

Cohort 3a 6 15187.7

(18209.2 [5218.6–54220])

998.0

(959 [495–3040])

4

(2–12)

Cohort 4 10 12564.9

(19373.9 [2020.9–54260])

807.5

(966.4 [169–2860])

3

(1–4)

Day 28 Patients AUC (0–24) ng*h/mL Cmax ng/mL Tmax h

Cohort 1 3 3049.9

(2823.4 [1563.6–6899])

214.5

(183.9 [781.8–3449.5])

4

(1–4)

Cohort 2 5 32551.3

(31071.1 [21907–94340])

1987.8

(1351.9 [1520–4600])

4

(2–8)

Cohort 2a 2 18386, 25640 1200, 1300 1,4

Cohort 3 2 32741, 56680 1510, 2540 4,4

Cohort 3a 5 32898.3

(17765.4 [15459–60300])

1852.9

(1069.9 [7729.5–30150])

2

(0–4)

Cohort 4 9 10028.3

(15508.6 [3228.8–49640])

655.6

(803.6 [232–2700])

2

(0–4)

Invest New Drugs (2015) 33:463–471 467



15 %), and was also the primary DLT. There were no grade 4
treatment-related adverse events reported, and no treatment-
related hospitalizations or deaths. There were 13 SAEs on the
trial, but none were considered treatment-related. There were
also 7 patients (21 %) who had dose reductions including one
patient who had 2 dose reductions. Seventeen patients (52 %)
had treatments temporarily interrupted. There were no dose
reductions for patients treated at theMTD and 4 patients at this
dose level had treatment held.

Pharmacokinetics

Pharmacokinetic variables of AUC(0–24), Cmax, and Tmax listed
by cohort are shown in Table 4. Pharmacokinetic comparison
of AUC with the QD and BID schedules is shown in Figs. 2
and 3 shows mean Cmax by total daily dose for each dosing
regimen. Though there is interpatient variability, pharmacoki-
netics suggest equivalent AUC and lower Cmax with BID dos-
ing compared to QD dosing, and higher Cmax with lead-in
doses as compared to regimens without lead-in.

Pharmacodynamics

18F-FDG-PET imaging

Twenty-seven patients underwent FDG-PET imaging at base-
line and after 1–2 cycles of treatment (Fig. 4). Twenty patients

(74 %) had a decrease in 18F-FDG uptake following treat-
ment. One patient (4 %) had no change and the remaining 6
patients (22 %) had an increase in uptake after treatment. The
median decrease in SUV was 26 % (Range 5–67 %) for all
patients and the median decrease in SUV at the MTD was
42 % (Range 6–67 %).

Response to treatment

Twenty-one patients received at least 8 weeks of treatment and
were evaluated for response. NoCRs or PRs were reported. 15
patients (45 %) had stable disease as their best response. A
total of 10 patients (30 %) received treatment for ≥16 weeks,
including colorectal (4 patients), endometrial (3 patients), and
one each of melanoma, carcinoid tumor (NOS), and pancreas
cancer (Fig. 1). Four of these patients were treated at the
MTD.

Discussion

In this phase 1 trial, the recommended dose for further study of
sachet formulation of BEZ235 was 300 mg BID. Consistent
with reports of other dual PI3K/mTOR inhibitors in develop-
ment, dose escalation was limited by mucositis, fatigue, and
hyperglycemia, and common toxicities included (all grades)

* Regression line between dose normalized AUC(0-24) values and dose 

*

Fig. 2 K comparison of QD and BID schedules (N=33)
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diarrhea (58 %), mucositis (58 %), and nausea (42 %). Com-
mon AEs in phase 1 studies with the other dual PI3K/mTOR
inhib i to rs in deve lopment (XL765, GDC-0980,
GSK2126458, and PF-04691502) were similar to those seen
in this phase 1 trial of BEZ235, including nausea, vomiting,
diarrhea, anorexia, and skin disorders [11–14]. Similarly, the
most common toxicities reported in the phase I trial of the pan-
PI3K inhibitor SAR245408 were rash 26 %, nausea (22 %)
and diarrhea (20 %) [15].

Hyperglycemia was seen in patients treated in the phase 1
trials of PF-04691502 and GSK2126458, and was experi-
enced by 24 % of patients treated in this trial of BEZ235
[13, 14]. In this study, hyperglycemia resulted in 3 dose

reductions and 2 patients had treatment held. Most of the
hyperglycemic patients on this study achieved glucose control
with metformin, glipizide or glyburide and 1 patient was treat-
ed with insulin.

Pharmacokinetics suggested lower Cmax and equivalent
AUC with BID dosing as compared to QD dosing. This lower
Cmax did not result in decreased rates of toxicity. The most
common toxicities for patients on QD dosing BEZ235 treat-
ment were fatigue (14 patients, 24 %), diarrhea (15 patients,
25 %), nausea (12 patients, 20 %), and vomiting (10 patients,
17 %) [16]. BID dosing of BEZ235 resulted in fatigue (33 %),
diarrhea (58 %), nausea (42 %) and vomiting (33 %). There
were no objective responses observed in this study, but

Fig. 4 Percent change in 18F-FDG uptake by cohort (N=27)

Fig. 3 Mean Cmax by total daily dose (N=33)
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prolonged stable disease was observed in 10 patients with
colorectal, endometrial, melanoma, carcinoid tumor, and pan-
creas cancer. This is also consistent with reports of other
PI3K/mTOR inhibitors as single agents [11, 17, 18]. Four of
the patients with prolonged stable disease were treated at the
MTD, suggesting this is a dose within therapeutic range. De-
creases in SUVon PET scans at the MTD also suggest poten-
tial inhibition of the pathway at this dose. This trial did not
select patients based on genetic alterations in this pathway,
and it is unknown whether mutations in PIK3CA would in-
crease the likelihood of response.

In summary, while BEZ235 monotherapy at its recom-
mended phase 2 dose of 300 mgBID in the sachet formulation
was generally well-tolerated, there were no objective re-
sponses observed. Pharmacokinetic profile differences ob-
served with the BID sachet compared to QD dosing did not
translate into modification of the toxicity profile or response
rate. BEZ235 has undergone further study as both a single
agent and in combination for a number of solid tumor types,
including some trials that were enriched for alterations in the
PI3K/Akt/mTOR pathway. While these studies show that
BEZ235 is fairly well-tolerated, clinical response has general-
ly been limited [8, 19–22]. BEZ235 is no longer in clinical
development.
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