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Purpose

To determine the toxicity profile, dose-limiting toxicities (DLTs), maximum-tolerated dose (MTD),
pharmacokinetics, and pharmacodynamics of cediranib administered orally, once daily, continu-
ously in children and adolescents with solid tumors.

Patients and Methods

Children and adolescents with refractory solid tumors, excluding primary brain tumors, were
eligible. DLT at the starting dose of 12 mg/m?/d resulted in de-escalation to 8 mg/m?/d and
subsequent re-escalation to 12 and 17 mg/m?/d. Pharmacokinetic and pharmacodynamic studies
were performed during cycle 1. Response was evaluated using WHO criteria.

Results

Sixteen patients (median age, 15 years; range, 8 to 18 years) were evaluable for toxicity. DLTs
(grade 3 nausea, vomiting, fatigue in one; hypertension and prolonged corrected QT interval in
another) occurred in patients initially enrolled at 12 mg/m?/d. Subsequently, 8 mg/m?/d was
well tolerated in three patients. An additional seven patients were enrolled at 12 mg/m?/d; one
had DLT (grade 3 diarrhea). At 17 mg/m?/d, two of four patients had DLTs (grade 3 nausea;
intolerable grade 2 fatigue). Non—-dose-limiting toxicities included left ventricular dysfunction,
elevated thyroid stimulating hormone, palmar-plantar erythrodysesthesia, weight loss, and
headache. The MTD of cediranib was 12 mg/m?/d (adult fixed dose equivalent, 20 mg). At 12
mg/m?/d, the median area under the plasma concentration-time curve extrapolated to infinity
(AUC,_..) was 900 ng-h/mL, which is similar to adults receiving 20 mg. Objective responses
were observed in patients with Ewing sarcoma, synovial sarcoma, and osteosarcoma.

Conclusion
The recommended monotherapy dose of cediranib for children with extracranial solid tumors is 12

mg/m?/d administered orally, once daily, continuously. A phase Il study is in development.

J Clin Oncol 28:5174-5181. © 2010 by American Society of Clinical Oncology

II trials, the 45 mg/d dose was judged to be intol-
erable, and the dose was de-escalated to 30 mg/d.*’
Common toxicities in adults on monotherapy trials
were fatigue, diarrhea, dysphonia, nausea, hyperten-

Cediranib (Recentin, AZD2171, AstraZeneca Phar-
maceuticals, Wilmington, DE) is an orally bio-

available small molecule that potently inhibits the
tyrosine kinase activity of vascular endothelial
growth factor receptor 1 (VEGFR-1; Flt-1), VEGFR-2
(KDR), and VEGER-3 (Flt-4),! which mediate an-
giogenesis and lymphangiogenesis. In adults treated
on a once daily administration schedule, the recom-
mended dose in prostate cancer” was 20 mg/d and in
solid tumors,” it was 45 mg/d. In the latter trial, a
dose-limiting toxicity (DLT) rate up to 50% was
considered to be tolerable. On subsequent phase
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sion, headache, vomiting, and anorexia.>” Fatigue,
muscle weakness, and hypertension were the pri-
mary DLTs.

Maximum plasma concentrations of cediranib
were achieved at median 3 hours (range, 1 to 8
hours) postdose in adults, and the mean terminal
half-life (t,,,) was 22 hours. The peak plasma con-
centration (C,,) and area under the plasma
concentration-time curve (AUC) increased in pro-
portion to the dose over the dose range of 0.5 to 60

Copyright © 2010 American Society of Clinical Oncology. All rights reserved.
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mg. The mean apparent clearance (CL/F) was 28.2 L/h (=~ 260 mL/
min/m”®). Steady-state plasma concentrations were achieved after 7
days of daily dosing, and the accumulation ratio was 1.6.>

Responses have been observed in adults with prostate, ovar-
ian, and renal cell cancers and with glioblastoma.*® Cediranib was
tested in vivo against a series of pediatric solid tumor xenografts
and produced tumor growth delays in 78% of a broad spectrum
of tumors.”

We conducted a pediatric phase I trial of cediranib to define
the toxicity profile, DLTs, and maximume-tolerated dose (MTD) of
cediranib administered orally, once daily, continuously. Pharma-
cokinetic and pharmacodynamic studies were performed during
cycle 1.

Patient Population

Children and adolescents age > 2 and < 19 years with refractory, histo-
logically confirmed solid tumors (excluding primary brain tumors) that were
measurable or evaluable were eligible for this study. Patients had to be able to
swallow intact tablets. Recovery from the toxic effects of prior therapy and a
Karnofsky (children age > 10 years) or Lansky (children age = 10 years)
performance score > 50 were required. The interval from prior therapy was 21
days for standard chemotherapy, 7 days for biologic therapy, 30 days for
immunotherapy or investigational agents, 4 weeks for limited-field radiation,
4 months for extensive radiation, 2 months for autologous stem-cell trans-
plantation, 3 months for allogeneic stem-cell transplantation, and 72 hours
for granulocyte colony-stimulating factors. There was no limitation on
prior cumulative anthracycline exposure. Patients were required to have an
absolute neutrophil count = 1,500/uL, a platelet count = 100,000/ L,
adequate hemostatic function defined as a prothrombin time and partial
prothrombin time = 1.5 X upper limit of normal (ULN), normal left ventric-
ular ejection fraction (LVEF; > 55%) or shortening fraction (> 27%) by
echocardiogram, a corrected QT interval (QTc) = 480 milliseconds, bili-
rubin = 1.5 X ULN, alanine aminotransferase = 2.5 X ULN, an age-
adjusted normal serum creatinine or a creatinine clearance = 60 mL/min/
1.73 m?, and < 1+ protein in urine.

Exclusion criteria included diastolic blood pressure 5 mmHg or more
above the ULN for sex and age or requiring antihypertensive medication;
surgery, history of arterial or venous thrombosis or anticoagulant therapy
within the previous 3 months, or significant hemorrhage within the previous 2
weeks; history of prolonged QTc or arrhythmia that was symptomatic or
required treatment; active graft versus host disease; pregnant or breast-feeding
females; and clinically significant unrelated systemic illness that would com-
promise the patient’s ability to tolerate this therapy or interfere with the study
procedures or results.

This trial was approved by the institutional review boards of partici-
pating sites. All patients or their legal guardians signed a document of
informed consent indicating their understanding of the investigational
nature and the risks of this study. Assent was obtained according to
institutional guidelines.

Drug Supply and Administration

Cediranib, supplied as 2.5, 10, 15, 20, and 30 mg tablets by AstraZen-
eca Pharmaceuticals, was administered orally, once daily, continuously.
The starting dose was 12 mg/mz/d with planned escalations to 17, 25, 35,
and 50 mg/m*/d. Doses, prescribed using a dosing nomogram, were
rounded to the nearest 2.5 mg. For each dose level, a maximum daily dose
was established for patients with body surface area = 1.56 m*: 17.5 mg (8
mg/m?*/d), 20 mg (12 mg/m?/d), or 27.5 mg (17 mg/m?*/d). Treatment
cycles were repeated every 28 days with no break between cycles. Patient
diaries were used to monitor adherence.

WWW.jco.org

Cohorts of three to six patients were treated at each dose level. When a
minimum of three patients who were evaluable for toxicity completed one
cycle of therapy at a dose level without evidence of DLT, subsequent patients
were enrolled at the next higher dose level. Intrapatient dose escalation was
not permitted.

Toxicity Assessment

Monitoring for cediranib-related toxicity included weekly physical
examination, serum chemistries, and CBCs. Thyroid-stimulating hor-
mone was monitored before each cycle, and echocardiograms were per-
formed before cycles 2, 3, and 5, and then every four cycles. Clinical and
laboratory adverse events, except hypertension, were graded according to
the National Cancer Institute Common Terminology Criteria for Adverse
Events version 3.'°

Blood pressure (BP) was measured as clinically indicated and on days
1, 2, 3, and 7 and weekly during cycle 1, weekly during cycles 2 to 4, and
every other week in subsequent cycles. Age- and sex-specific normal values
were used to determine whether BP was elevated."' An algorithm for
management of cediranib-related hypertension was used (Appendix Fig
Al, online only). If the diastolic blood pressure was > 10 mmHg and < 25
mmHg above ULN and grade 4 hypertension was not observed, single-
agent antihypertensive therapy could be administered without stopping or
altering the cediranib dose.

VEGEFR inhibitors result in reversible expansion of the growth plate and
decrease growth velocity of long bones in juvenile rodents.'> Growth plates
were monitored in patients who had not reached skeletal maturity assessed by
the presence of open growth plates on baseline left-wrist radiograph. Radio-
graphs of the lower extremities performed at baseline, before cycle 5 and then
every four cycles, were used to assess leg length and growth plates. In a subset of
patients, the volume of the distal femoral growth plate was measured on
noncontrast magnetic resonance imaging of the right knee at baseline, before
cycles 3 and 5, and then every four cycles.

Definition of DLT and MTD

Hematologic DLT was defined as a single episode of grade 4 neutro-
penia (< 500/uL) or thrombocytopenia (< 25,000/uL) or grade 3 neutro-
penia (< 1,000/uL) or thrombocytopenia (< 50,000/uL) on two
consecutive measurements at least 3 days apart. A platelet transfusion for a
platelet count < 50,000/ L was considered grade 4 thrombocytopenia.

Dose-limiting hypertension was defined as grade 4 hypertension, a
confirmed diastolic BP > 25 mmHg above ULN, or an elevated diastolic
BP not controlled by a single antihypertensive medication within 14 days.
Other nonhematologic DLTs included any grade 3 or 4 nonhematologic
toxicity related to cediranib except for grade 3 elevations in ALT or AST
that recovered to grade = 1 during a = 7-day drug holiday and did not
recur after restarting cediranib; grade 3 hypomagnesium, hypokalemia, or
hypophosphatemia correctable with oral supplements; or grade 3 infection
and febrile neutropenia. Grade 3 proteinuria required confirmation within
72 hours to be dose-limiting. Grade 2 drug-related toxicities that were
intolerable to the patient or required dose interruption for > 7 days were
declared dose-limiting.

The MTD was determined from DLTs that occurred during the first
treatment cycle. The MTD was the dose level immediately below the dose level
at which > 339% of patients in a cohort (dose level) of three to six patients
experienced a DLT. At the MTD, the cohort was expanded to include at least
three children younger than age 12 years.

Pharmacokinetics and Pharmacodynamics

Pharmacokinetic sampling was performed after the first dose of
cediranib. Blood samples (3 mL) were collected in EDTA before and at 0.5, 1,
2,3,4,6,8,10t0 12,24, 30 to 32, and 48 hours postdose (the dose on day 2 was
held). Trough samples were drawn on days 7 = 2 and 28 * 1 of cycle 1. Plasma
was separated by centrifugation within 1 hour and stored frozen. Cediranib
plasma concentrations were measured with a previously described, validated
high pressure liquid chromatography/tandem mass spectrometry method
with a 0.1 ng/mL lower limit of quantification.

Cediranib plasma concentration-time data were analyzed using non-
compartmental methods. The C_ . and time to peak concentration (T

‘max max)
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were determined from a concentration-time curve for each patient. AUC to
the last measured time point was calculated with the linear trapezoidal method
and extrapolated to infinity (AUC,_..) by adding the final measured plasma
concentration divided by the terminal rate constant, which was derived from
the slope of the natural log-transformed concentrations and times on the
terminal elimination phase of the decay curve. The t, , value was calculated by
dividing 0.693 by the terminal rate constant. CL/F was calculated by dividing
the dose by the AUC,,_.... Accumulation of cediranib was estimated from the
ratio of the AUC, ., which equals the AUC,, 1, at steady-state, to the
measured AUC) , 4 1,urs after the first dose. Plasma VEGF and soluble VEGFR2
(sVEGFR2) were quantified at baseline and on day 28 = 1 of cycle 1 usinga human
VEGF immunoassay (Quantikine, R&D Systems, Minneapolis, MN).

Tumor Response Assessment
Tumor response was assessed using the WHO two-dimensional crite-
ria'? of radiographic disease evaluations performed after every two cycles.

Patient Characteristics

Eighteen children and adolescents with refractory solid tumors
were enrolled at two institutions between July 2007 and December
2009. Sixteen were evaluable for toxicity and response; two patients
withdrew consent without evidence of toxicity during cycle 1. Patient
characteristics are listed in Table 1. The median number of cycles of
cediranib administered was four (range, one to = 15). One patient
with alveolar soft part sarcoma (ASPS), currently receiving cycle 15,
continues protocol therapy.

Toxicity and MTD

The first two patients on the 12 mg/m?*/d dose experienced DLT
(grade 3 lethargy, nausea, and vomiting in one, and grade 3 hyperten-
sion and prolonged QTcin the other) during cycle 1. Both patients had
rapidly progressing tumors. The study was amended to increase car-
diac monitoring. The dose was de-escalated to 8 mg/m?/d, which was

Table 1. Characteristics of Evaluable Patients
Characteristic No. of Patients (n = 16)

Age, years

Median 15

Range 8-18
Sex

Male 9

Female 7
Lansky/Karnofsky performance score

Median 90

Range 60-100
Diagnosis

Ewing sarcoma family tumors 3

Osteosarcoma 4

Synovial cell sarcoma 2

Alveolar soft part sarcoma 3

Wilms tumor 1

Other 3
No. of prior chemotherapy regimens

Median 8

Range 1-7
Received prior radiation 9
Received prior stem-cell transplantation 1

5176  © 2010 by American Society of Clinical Oncology

tolerated by three patients. The dose was re-escalated to 12 mg/m?*/d,
and one of six patients had a DLT (grade 3 diarrhea). The dose was
escalated to 17 mg/m?/d, and two of four patients had a DLT (grade 3
nausea in one patient and intolerable grade 2 anorexia in another).
The MTD for children is 12 mg/m*/d. One additional patient younger
than 12 years of age was enrolled at 12 mg/m?*/d for pharmacokinetics
and did not experience DLT.

Toxicities attributed to cediranib during cycle 1 are presented in
Table 2. The median pretreatment diastolic BP was 17.5 mmHg
(range, 1 to 29 mmHg) below the age- and sex-specific ULN. BP
changes during cycle 1 appeared to be dose-related. At 8 mg/m?/d
(n = 3), the median peak diastolic BP was 5 mmHg (range, 5 to 13
mmHg) above baseline and occurred during week 3. At 12 mg/m?*/d
(n =9), diastolic BP peaked during the second week of cediranib and
was 11 mmHg (range, 9 to 41 mmHg) above baseline. This includes
one patient with dose-limiting grade 3 hypertension possibly related
to cediranib and possibly related to tumor pain. At 17 mg/m*/d
(n = 4), the peak diastolic BP was 16.5 mmHg (range, 13 to 28
mmHg) above baseline and occurred during the second week of
cediranib. In 10 patients receiving more than one cycle, the median
peak diastolic BP in all subsequent cycles was 20.5 mmHg (range, 7 to
29 mmHg) above baseline, including two patients who required
single-agent antihypertensive medication without cediranib dose
modification for hypertension.

Non-dose-limiting left ventricular systolic dysfunction was ob-
served at 8 mg/m*/d (grade 1;n = 2), 12 mg/m?/d (grade 2;n = 2),and
17 mg/m*/d (grade 2; n = 1). One additional patient had a grade 2
decrease in LVEF following cycle 2. In two patients (at 12 mg/m*/d and
17 mg/m?*/d), the LVEF improved within 4 weeks without interven-
tion or dose modification.

Six patients had not achieved skeletal maturity. In these patients,
the median chronologic age was 14.8 years (range, 11.2 to17.2 years),
and bone age estimated by the Greulich and Pyle method differed
from chronologic age by 0.3 years (—1.5 to +1 years). The median
number of cycles administered was four (range, two to 15), and in-
crease in height measured by triplicate stadiometer measurement dur-
ing cediranib administration was 0.6 cm (range, 0 to 1.9 cm). Two
children with ASPS had volumetric measurements of the distal femo-
ral growth plate performed from noncontrast magnetic resonance
imaging of the right knee at baseline and during subsequent cycles. An
11-year-old female had a decrease in growth plate volume by 1.3 mL
(range, 4.3 to 3 mL) and height increase by 1.9 cm during 15 cycles
of cediranib. A 14-year-old female had no change in growth plate
volume, and her height increased by 0.8 cm during four cycles
of cediranib.

Pharmacokinetics and Pharmacodynamics

The pharmacokinetic parameters are listed in Table 3. Mean
plasma AUC: for each dose level are shown in Figure 1. Similar to that
in adults, interpatient variability was observed in the pharmacokinetic
parameters for children and adolescents. The plasma concentration-
time profile of cediranib in children and adolescents (n = 12) was
characterized by rapid absorption after oral administration (T ,,,,,, 2 to
8 hours); mean t,,, was 13.2 hours. Systemic exposure (AUC,_..) was
dose proportional. Patients with grade 3 DLT tended to have higher
AUGs (Fig 2). The CL/F (mean, 250 mL/min/m?) was not age or sex
dependent. The accumulation ratio (R,.) of 1.1 to 1.7 is consistent
with the t,, observed after a single dose.
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Table 2. Cediranib-Related Toxicity During Cycle 1 by Dose Level and CTCAE (v.3) Grade

Dose Level (mg/m?/d) per Grade

12 (nh = 2)

8 (n =3) 12(nh=7)

Toxicity 1 2 3 4 1

2 3 4 1 2 3 4 1 2 3 4

Hematologic
Leukopenia
Neutropenia
Gl
Abdominal pain 1
Anorexia 1
Constipation
Diarrhea 1+ 1
Nausea 19 1
Stomatitis
Vomiting 1M
Constitutional
Fatigue 1
Lethargy 19
Weight loss 1
Cardiovascular
Prolonged QTc 1+
Premature ventricular complexes 1%
Decreased left ventricular function 1+ 2
Hypertension 1%
Dermatologic
Palmar-plantar erythrodysesthesia
Pruritis
Endocrine
Hypothyroidism 1
Infection
Infection, Grade 1 or 2 ANC
Metabolic/laboratory
Increased AST 19
Increased ALT 19
Hypoalbuminemia
Hypoglycemia 1
Proteinuria 1
Pain
Chest
Headache
Renal/genitourinary
Cystitis 1

I NGEN N o)

Ul

J N o0 N SR

N

Abbreviation: QTc, corrected QT interval; ANC, absolute neutrophil count.

TToxicity in patient 17.
FToxicity in patient 02.
§Toxicity in patient 12.
{IToxicity in patient 01.
[Toxicity in patient 13.

*Grade 2 toxicity intolerable to the patient was defined as dose-limiting toxicity in the protocol.

**Both participants enrolled at a starting dose of 12 mg/m?/d experienced dose-limiting toxicity. The protocol was amended to increase cardiac monitoring in
subsequent cohorts. The cediranib dose was de-escalated to 8 mg/m?/d, then re-escalated to 12 mg/m?/d, then 17 mg/m?/d.

VEGF concentrations increased in all patients during cycle 1 by a
median of 200% (range, 23% to 426%) compared with baseline.
sVEGFR2 was variable, but decrease in sSVEGFR2 on cediranib ap-
peared to be dose dependent. Plasma VEGF and sVEGFR2 concentra-
tions are presented in Appendix Figure A2 (online only).

Tumor Response

Two partial responses by WHO criteria were observed in patients
with sarcoma pulmonary metastases (Fig 3). A patient with Ewing
sarcoma (8 mg/m?*/d for four cycles) had a 77% reduction in tumor

WWW.jco.org

size, and a patient with synovial sarcoma (17 mg/m?/d during cycle 1
and dose reduced by 30% in cycle 2) had a 67% decrease in tumor size.
The responses occurred in pulmonary metastasis and were compli-
cated by asymptomatic pneumothoraces. Two additional patients
with sarcomas had WHO minor responses. A patient with synovial
sarcoma (12 mg/m?*/d for two cycles) had a 40% decrease in tumor
size, and a patient with osteosarcoma (17 mg/m?/d) had a 34%
reduction in the size of pulmonary nodules after two cycles. In
addition, a 10-year-old female with ASPS metastatic to brain and
lungs has had ongoing stable disease for 15 cycles on 12 mg/m?/d,

© 2010 by American Society of Clinical Oncology ~ 5177

Downloaded from jco.ascopubs.org on September 18, 2013. For personal use only. No other uses without permission.
Copyright © 2010 American Society of Clinical Oncology. All rights reserved.



Fox et al

Table 3. Cediranib Plasma Pharmacokinetic Parameters in Children and Adolescents
Dose Age BSA Dose Ci.x Trmax  AUCo24 hours AUCoug hours  AUCq CL/F (mL/ tiz Cosnous C7aays Cos days
Level Patient (years) (m?) (mg) (ng/mL) (hours) (ng-h/mL) (ng-h/mL)  (ng-h/mL)  min/m?)  (hours) (ng/mL) (ng/mbL) (ng/mL) R,
8 mg/m?/d 3 17  1.89 175 34 3.0 260 300 300 510 9.2 2.8 2.2 19 1.00
4 17 177 175 42 4.0 540 650 670 250 8.9 9.4 — 85 1.03
5 15 1.89 175 79 2.1 520 630 650 240 13.4 8.0 — — 1.03
Median 42 3.0 520 630 650 250 9.2 8.0 2.2 27 1.03
Mean 52 3.0 440 530 540 330 10.5 6.7 2.2 27 1.02
CV (%) 46 31 36 37 39 46 24 51 — 42 2
12 mg/m?/d 1~ 8 0.83 10 95 8.2 1,480 1,860 2,000 100 12.9 30 38 — 1.07
2% 16 1.92 20 56 8 770 1,100 1,230 140 134 24 36 —_ 1.12
6 18 1.78 20 31 6 430 620 750 250 19.2 9.9 — 20 1.21
9 11 096 125 74 2.2 740 860 900 240 13.4 9.5 12 20 1.05
1 15 1.74 20 67 3.0 590 710 750 260 11.8 9.6 22 16 1.06
12" 8 1.08 125 104 2.2 1,050 1,160 1,190 160 8.9 9.5 — — 1.02
18 10 1.08 125 60 4.0 560 660 690 280 1.3 7.2 24 28 1.04
Median 67 4.0 740 860 900 240 12.9 9.6 24 20 1.06
Mean 70 4.8 800 1,000 1,070 200 13.0 14.2 26 21 1.08
CV (%) 35 54 45 44 43 34 24 63 41 24 6
17 mg/m?d 13" 14 147 25 184 3.0 1,920 2,620 3,120 90 19.6 48 — 44 1.19
17" 14 126 225 27 6.0 370 520 610 480 16.6 9.9 20 88 1.17
Median 106 45 1,140 1,670 1,860 290 18.1 29 — 38 1.18
Mean 106 45 1,140 1,670 1,860 290 18.1 29 — 38 1.18
CV (%) 105 47 96 95 95 96 12 93 — 20 10
Abbreviations: BSA, body surface area; C,,,,., peak plasma concentration; T, time to reach C,.,; AUCq.24 hourssr AUCq 48 hours: AUCq., area under the plasma concentration
time curve from zero to 24 hours, zero to 48 hours, and extrapolated to infinity, respectively ; CL/F, apparent clearance; t,/,, terminal half-life; Co4 nours, C7 days: Cos days:
trough concentrations at 24 hours, 7 days, and 28 days, respectively; R,., accumulation ratio (AUC_./AUCq 4 hours TOr the first dose); CV, coefficient of variation.
“Dose-limiting toxicity during cycle 1.

and an 18-year-old male with fibrolamellar hepatocellular carci-
noma had stable disease for eight cycles.

The recommended dose of cediranib in children and adolescents with
extracranial solid tumors is 12 mg/ m?/d, orally, daily, on a continuous

8 mg/m? (n=3)
- 12 mg/m? (n=7)
—— 17 mg/m? (n = 2)
100

10

Lo !

Cediranib Concentration (ng/mL)

1 T T T T T

10 20 30 40 50
Time (hours)

Fig 1. Pharmacokinetics of cediranib in children and adolescents. Cediranib
average concentration-time curves after a single oral dose are plotted for each
dose level. Error bars are the standard deviation of the concentration.

5178 © 2010 by American Society of Clinical Oncology

administration schedule. This dose is approximately equivalent to a
20-mg fixed dose in adults. Similar to adults, children experienced
fatigue, GI toxicity (diarrhea, nausea, vomiting, anorexia, abdomi-
nal pain), BP elevation, and asymptomatic increase in thyroid-
stimulating hormone. Growth plate volume did not increase in

3,500 4
No DLT
® DLT (grade 3 NH-DLT) °

3,000 { ¢ DLT (grade 2 intolerable to patient)

2,500
=
£ 2,000 o
=
°
o
£ 1,500+
(:_)) ® 9
< 1,000

L 4
500
0 5 10 15 20
Dose Administered (mg/m?)

Fig 2. Systemic exposure determined by area under the plasma concentration-
time curve extrapolated to infinity (AUC,_..) is proportional to the actual adminis-
tered dose (mg/m?). Cediranib exposure increased in proportion to dose. Patients
with dose-limiting grade 3 nonhematologic toxicity (NH-DLT) seem to have higher
AUC than the patient who experienced grade 2 fatigue that was intolerable and
dose limiting or patients with no DLT.
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Fig 3. Objective responses in adoles-
cents with sarcoma receiving cediranib.
Axial computed tomography images at
baseline (left) and post-therapy (right).
WHO two-dimensional response criteria
were used to evaluate tumor response.
Partial responses were achieved in (A) a
17-year-old male with Ewing sarcoma
(77% reduction) after receiving four cycles
of cediranib (8 mg/m?/d) and (B) a 13-year-
old female with synovial sarcoma (67 %

reduction) in pulmonary metastasis after
two cycles of cediranib (17 mg/m?/d,
cycle 1; 30% dose reduction, cycle 2).
Response was complicated by bilateral
pneumothoraces. Minor responses were
observed in (C) an 18-year-old male with
synovial sarcoma (40% reduction) after two
cycles of cediranib (12 mg/m?/d). Response
was complicated by pneumothorax, and
multiple small pulmonary blebs are noted in
the post-treatment computed tomography
scan. (D) A 13-year-old female with osteo-
sarcoma showed 34% reduction after two
cycles of cediranib (17 mg/m?/d). No pneu-
mothorax occurred in this patient.

patients receiving multiple treatment cycles, and height increased
during therapy. Proteinuria and palmar-plantar erythrodysesthesia
syndrome were infrequent in this population.

Cardiovascular toxicity including hypertension and left ventric-
ular dysfunction are associated with tyrosine kinase inhibitors."* In
adults receiving cediranib 20 mg orally on a phase I trial, grade 3 or 4
hypertension occurred in 20% of patients (four of 19) and hyperten-
sive crisis occurred in 10% (two of 19). Hypertension, which is

WWW.jco.org

uncommon in children, may be a pharmacodynamic marker of anti-
angiogenic activity, as evidenced by the dose-dependent increases in
diastolic BP on this study. We developed a hypertension management
algorithm that permitted the administration of single-agent antihy-
pertensive medication before cediranib dose reduction for mild to
moderate elevations in diastolic BP. Using this algorithm, one patient
receiving 12 mg/m’/d discontinued cediranib because of dose-
limiting hypertension, and mild hypertension in two patients was
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managed with single-agent antihypertensive medication without
cediranib dose modification. No dose limiting decreases in left ven-
tricular function were observed in patients on this study.

There is substantial interpatient variability in the pharmaco-
kinetic parameters of cediranib in adults>'* and children. C,,,, and
systemic exposure (AUC,_.) in children receiving 12 mg/m?/d
were similar to those in adults receiving the 20-mg fixed dose.
Patients who experienced grade 3 nonhematologic DLTs appeared
to have higher systemic drug exposure than the patient who expe-
rienced grade 2 fatigue that was intolerable and dose limiting or
patients with no DLT. However, small sample size precluded sta-
tistical comparison. T, t;,, and CL/F are similar in children
and adults.

Objective responses were observed in patients at all dose levels.
Responses in pulmonary metastases were observed in patients with
Ewing sarcoma, synovial sarcoma, and osteosarcoma.

Asymptomatic pneumothorax accompanied the responses in
the patients with Ewing sarcoma and synovial sarcoma. In a recent
case review'® of patients with sarcoma and spontaneous pneumo-
thorax, 82% of patients (126 of 153) had treatment before the
development of pneumothorax, and 46% had recurrent pneumo-
thoraces. Pneumothorax in this setting may be related to necrosis
of peripheral or pleural-based tumor nodules, bronchopleural fis-
tula, or rupture of dilated alveoli distal to a stenosis. None of our
patients had prior history of pneumothorax, and the pneumotho-
races did not occur in patients in the absence of tumor response.
Patients who developed pneumothorax during cediranib adminis-
tration were asymptomatic, which may indicate a slow air leak.
Pneumothoraces resolved in all patients with intervention includ-
ing thoracentesis, chest tube drainage, and drug holiday. Two
patients required talc pleurodesis. There were no hemorrhagic or
wound healing complications.

In summary, cediranib 12 mg/m?/d daily is the recommended
dose for children and adolescents with extracranial solid tumors.
Fatigue and GI toxicity, including anorexia, diarrhea, abdominal
pain, nausea, and vomiting, were dose-limiting. Cardiovascular
monitoring with BP measurement, echocardiograms, and ECGs is
warranted. Additional studies are needed to assess the impact of
cediranib administration on growth plates and height. Objective
responses were observed in sarcomas. A phase II study of cediranib
in children and adolescents with solid tumors is in development.
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