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Abstract

Background: Inhibition of the WEE1 kinase by adavosertib (AZD1775) potentiates

replicative stress from genomic instability or chemotherapy. This study reports the

pediatric solid tumor phase 2 results of the ADVL1312 trial combining irinotecan

and adavosertib.

Methods: Pediatric patients with recurrent neuroblastoma (part B), medulloblas-

toma/central nervous system embryonal tumors (part C), or rhabdomyosarcoma

(part D) were treated with irinotecan and adavosertib orally for 5 days every 21

days. The combination was considered effective if there were at least three of 20

responses in parts B and D or six of 19 responses in part C. Tumor tissue was

analyzed for alternative lengthening of telomeres and ATRX. Patient's prior tumor

genomic analyses were provided.

Results: The 20 patients with neuroblastoma (part B) had a median of three prior

regimens and 95% had a history of prior irinotecan. There were three objective

responses (9, 11, and 18 cycles) meeting the protocol defined efficacy end point.

Two of the three patients with objective responses had tumors with alternative

lengthening of telomeres. One patient with pineoblastoma had a partial response

(11 cycles), but parts C and D did not meet the protocol defined efficacy end point.

The combination was well tolerated and there were no dose limiting toxicities at

cycle 1 or beyond in any parts of ADVL1312 at the recommended phase 2 dose.

Conclusion: This is first phase 2 clinical trial of adavosertib in pediatrics and the first

with irinotecan. The combination may be of sufficient activity to consider further

study of adavosertib in neuroblastoma.

See editorial on pages 2132‐4, this issue.
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INTRODUCTION

WEE1 is a tyrosine kinase that phosphorylates and inhibits CDK1,

affecting proper coordination of DNA replication as well as entry

into mitosis. In the presence of a DNA damage repair deficiency

(such as TP53 or BRCA mutation) or replication stress (by chemo-

therapy, radiation, oncogenes), CDK1 activity is restrained by the

checkpoint kinases CHK1 and WEE1. These checkpoints allow for

repair of DNA before mitosis and tolerance of replication stress,

thereby maintaining tumor cell viability. Inhibition of the check-

point kinases leads to replication fork collapse or mitotic catas-

trophe, generation of single‐, then double‐strand DNA breaks and

ultimately cellular death.

Adavosertib (AZD1775) is a highly selective, ATP competitive,

small‐molecule inhibitor of the WEE1 kinase and sensitizes tumor

cells to cytotoxic agents and replication stress. Several adult cancer

phase 2 clinical trials examining adavosertib as monotherapy or in

combination with radiation or chemotherapy have been

completed.1 For example, adavosertib monotherapy resulted in a

29% objective response rate and 47% 6‐month progression‐free
survival in recurrent uterine serous carcinoma; carboplatin

chemo‐potentiation in TP53‐mutant ovarian cancers refractory to

prior platinum therapy2,3; and prolonged survival in combination

with gemcitabine in serous ovarian cancer.4 Potential biomarkers of

clinical response include TP53 mutation, replication stress, BRCA

mutation, and CCNE1 amplification.2,4 A pediatric efficacy study has

not yet been reported to date. Preclinical work has shown anti-

tumor activity of adavosertib in pediatric solid tumors including

neuroblastoma, rhabdomyosarcoma, diffuse intrinsic pontine glioma,

and medulloblastoma.5–9

ADVL1312 is a Children's Oncology Group multi‐institutional
phase 1/2 study of adavosertib in combination with irinotecan for

children with relapsed or refractory solid and central nervous system

(CNS) tumors. The rationale for combining adavosertib with irinote-

can was multifactorial. Irinotecan induces replication arrest for repair

of DNA damage that can be overridden by adavosertib. Irinotecan

can also downregulate protein expression of CHK1. Preclinical data

support synergistic growth inhibition of adavosertib in combination

with irinotecan in neuroblastoma. Finally, the 5‐day dosing regimen

of irinotecan used clinically allows for serial dosing of adavosertib

and a more prolonged exposure.5 The phase 1 component of

ADVL1312 was previously reported and (1) established the recom-

mended phase 2 dose as irinotecan (90 mg/m2/dose) and adavosertib

(85 mg/m2/dose) orally for 5 days every 21 days; (2) described the

toxicities of the combination, which were mainly gastrointestinal; and

(3) described the pediatric pharmacokinetics and determined that the

peak plasma concentration of adavosertib at the recommended

phase 2 dose met the preclinical target concentration.10 To look for

potential early signals of activity, and to obtain more information

regarding toxicity at the recommended phase 2 dose, the ADVL1312

trial proceeded with a phase 2 expansion in three pediatric disease‐
specific cohorts. In this report, we present the phase 2 expansion

results of ADVL1312, describing the initial efficacy of adavosertib

and irinotecan in children with relapsed and refractory neuroblas-

toma, rhabdomyosarcoma, medulloblastoma, and other CNS embry-

onal tumors.

METHODS

Patient eligibility

Patients enrolled on the phase 2 expansion of ADVL1312 (Clin-

icalTrials.gov ID: NCT02095132) from October 2016 through May

2020 at 24 participating institutions. Patients (aged <21 years)

with measurable or metaiodobenzylguanidine (MIBG)‐evaluable
neuroblastoma (part B), medulloblastoma/CNS embryonal tumors

(part C), or rhabdomyosarcoma (part D) refractory to standard

treatment and for whom no known curative therapy existed, were

eligible. Patients treated at the recommended phase 2 dose from

part A (phase 1) were lent to part B (n = 1), part C (n = 2), and

part D (n = 1). Histologic verification of malignancy, at diagnosis or

recurrence, was required. Other eligibility criteria included a Lan-

sky or Karnofsky performance score >50; recovery from the

acute toxic effects of prior therapy including resolution of therapy‐
related neurologic effects resolved to grade 2; adequate bone

marrow function (absolute neutrophil count >1000/mm3 and pla-

telet count >100,000/mm3), renal function (normal serum creati-

nine for age and sex, or creatinine clearance >70 mL/minute/1.73

m2), liver function (bilirubin 1.5 times upper limit of normal for age,

alanine aminotransferase < 110 U/L, serum albumin > 2 g/dL), QTc

≤ 480 ms, and ability to swallow capsules. Patients receiving drugs

known to be moderate or strong inhibitors or inducers of CYP3A4

or CYP3A4 substrates with a narrow therapeutic range were not

eligible. Patients previously treated with irinotecan were eligible

even if they had progressed on a prior irinotecan‐containing
regimen.

The protocol was reviewed and approved by the Cancer Thera-

peutics Evaluation Program of the National Cancer Institute (NCI)

and institutional review boards of all participating institutions. The

study was conducted in accordance with the principles of the World

Medical Association Declaration of Helsinki. Informed consent and
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child assent, when appropriate, were obtained from all participants

and/or parents or legal guardians.

Protocol therapy administration and study design

Eligible patients were treated with irinotecan (90 mg/m2/dose) and

adavosertib (85 mg/m2/dose) orally for 5 days every 21 days. Ada-

vosertib (10‐, 25‐, or 100‐mg capsules) was supplied by Astra Zeneca
and distributed by the Cancer Therapeutics Evaluation Program, NCI.

The appropriate volume of irinotecan solution (20 mg/mL) was mixed

with cranberry juice immediately before administration. Adavosertib

was administered orally 1 hour after oral irinotecan for 5 days every

21 days. Cefixime prophylaxis for irinotecan‐related diarrhea was

required. Protocol therapy could continue until participants experi-

enced disease progression or met discontinuation of protocol therapy

criteria or a maximum of 18 cycles. Toxicities were graded according

to the NCI Common Terminology Criteria for Adverse Events

(CTCAE), version 5, with dose‐limiting toxicities defined as previously
described.10

Disease evaluations were obtained at baseline, the end of the

first cycle, every other cycle twice, and then every three cycles.

Disease response for solid tumors was assessed according to the

revised Response Evaluation Criteria in Solid Tumors (v1.1) and

neuroblastoma response was assessed using bone marrow biopsies,

anatomic imaging for measurable disease, and MIBG scintigraphy

for evaluable MIBG‐avid tumors (Figure S1).11 Curie scoring was

used to assess response in patients with neuroblastoma who had

evaluable disease by MIBG scintigraphy without measurable dis-

ease.12 The evaluations were as per the Revised International

Neuroblastoma Response Criteria13 with overall responses as

summarized in Table S1. In patients with primary CNS disease,

tumor response was evaluated by magnetic resonance imaging

using a modified RANO criteria; complete response was complete

resolution of all lesions, partial response for CNS tumors was 50%

decrease in the sum of the products of the two perpendicular

diameters of all target lesions. Stable disease (SD) was neither

sufficient decrease in the sum of the products of the two

perpendicular diameters of all target lesions to qualify for partial

response, nor sufficient increase in a single target lesion to qualify

for PD. Progressive disease (PD) was defined as 25% or more

increase in the sum of the products of the perpendicular diameters

of the target lesions. For patients with objective response,

confirmatory imaging was repeated after the next cycle. Central

imaging review was completed for all participants who had insti-

tutional assigned objective response or had SD for six or more

cycles.

Statistical analysis

Any patient who enrolled, met the eligibility criteria, and received at

least one dose of protocol therapy was considered evaluable for

response. Parts B/D each used a 10 + 10 Simon two‐stage design. At
least one response was required among 10 evaluable patients in

stage 1 to open stage 2. Overall, at least three responses were

required among 20 evaluable patients to conclude evidence of

possible efficacy. Because of the single‐agent activity of irinotecan in
medulloblastoma,14 part C used a 9 + 10 Simon two‐stage design. At
least two responses were required among nine evaluable patients in

stage 1 to open stage 2. Overall, at least six responses were required

among 19 evaluable patients to conclude evidence of possible

efficacy.

The objective response rate was calculated using two‐stage
inference methods, which returns the uniformly minimum‐variance
unbiased estimator, p value, and CI using the clinfun R package.

Because of the two‐stage design, the simple proportion (3/20) is

biased. The two‐stage inference methods correct this bias.15,16 All

results of the correlative biology are descriptive.

Correlative biology

Tissue immunofluorescence–fluorescence in situ
hybridization

Ultrabright telomeric foci (UBTF), a marker of alternative length-

ening of telomeres (ALT), was first validated on a pediatric brain

tumor tissue microarray (TMA) with 88 tumors punched in dupli-

cate from 82 patients with known ATRX mutation and c‐circle assay
status, a measurement of ALT, including 61 cases of pediatric high‐
grade glioma and then applied to 12 ADVL1312 neuroblastoma

archived formalin‐fixed paraffin‐embedded (FFPE) tissues.17 The

tissue immunofluorescence–fluorescence in situ hybridization pro-

tocol was according to Cesare et al.18 with modifications adapted

from Lin et al.19 for tissue cyclic immunofluorescence to colocalize

the UBTF with the neuroblastoma‐specific marker Phox2b. High‐
resolution images were acquired and processed as detailed in the

supplementary methods.

ATRX immunohistochemistry

ATRX antibody (Sigma Aldrich HPA001906) was used to stain a

formalin fixed paraffin embedded TMA and ADVL1312 neuroblas-

toma slides. Staining was performed on a Bond Max automated

staining system using the Bond Refine polymer staining kit (Leica

Biosystems). The standard protocol was followed with the exception

that the primary antibody incubation was extended to 1 hour at room

temperature. The ATRX antibody was used at 1:1000 dilution, and

antigen retrieval was performed with E2 (Leica Microsystems)

retrieval solution for 20 minutes. Slides were rinsed, dehydrated

through a series of ascending concentrations of ethanol and xylene,

and then coverslip applied. Stained slides were then digitally scanned

at 20� magnification on an Aperio CS‐O slide scanner (Leica

Biosystems).
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RESULTS

Clinical response results

Twenty eligible patients with neuroblastoma, with a median age of

9 years (6–19 years) were included in part B. They had a median

of three prior chemotherapy regimens (range, 1–7); 19 patients

(95%) had prior irinotecan and 18 (90%) received prior radiation

therapy including radiolabeled therapy (MIBG) (Table 1). The

combination therapy resulted in three patients (15%) with objec-

tive responses confirmed by central radiology review among

20 evaluable patients, meeting the protocol‐defined efficacy end

point for part B. The estimated objective response rate using

inference for two‐stage study designs is 16.7% (one‐sided 93% CI,

5.1–100; p = .069). The responses included a measurable partial

response (11 cycles) (Figures 1 and 2), MIBG evaluable complete

response (9 cycles) and MIBG and marrow evaluable partial

response (18 cycles). In addition, there were three patients with

centrally reviewed prolonged stable disease of 8, 11, and 13

cycles.

Nine patients with medulloblastoma/CNS embryonal tumors

enrolled in part C. They had a median of three prior chemotherapy

regimens (range, 1–6); four patients (44%) had prior irinotecan and

nine (100%) received prior radiation therapy as standard of care

(Table 1). One patient with pineoblastoma had a centrally reviewed

confirmed partial response (nine cycles). One patient with medul-

loblastoma had prolonged stable disease (11 cycles) (Figure 3). Part

C did not meet the required two responders in stage 1 to proceed

T A B L E 1 Demographics of the ADVL1312 phase 2 patient cohorts.

Characteristic

NB (B) NB RESP MB/PBL (C) PBL RESP RMS (D) RMS RESP All All RESP

No. (%)

(N = 20)

No. (%)

(N = 3)

No. (%)

(N = 9)

No. (%)

(N = 1)

No. (%)

(N = 10)

No. (%)

(N = 0)

No. (%)

(N = 39)

No. (%)

(N = 4)

Age (years)

Median 9 13 13 16 14 10 14

Range 6–19 7–14 9–20 4–19 4–20 7–16

Sex

Male 13 (65) 3 (100) 4 (44) 0 8 (80) 25 (64) 3 (75)

Female 7 (35) 0 5 (56) 1 (100) 2 (20) 14 (36) 1 (25)

Race

White 12 (60) 1 (33) 7 (78) 0 (0) 9 (91) 28 (72) 1 (25)

Asian 1 (5) 1 (33) 0 (0) 0 (0) 1 (3) 1 (25)

American Indian/Alaska Native 0 (0) 0 (0) 0 (0) 0 (0)

Native Hawaiian/Pacific Islander 0 (0) 0 (0) 0 (0) 0 (0)

Black or African American 4 (20) 1 (33) 2 (22) 1 (100) 0 (0) 6 (15) 2 (50)

Unknown 3 (15) 0 (0) 0 (0) 1 (9) 4 (10)

Ethnicity

Non‐Hispanic 17 (85) 2 (67) 8 (89) 1 (100) 6 (60) 31 (79) 3 (75)

Hispanic 1 (5) 1 (33) 1 (11) 0 (0) 2 (20) 4 (10) 1 (25)

Unknown 2 (10) 0 (0) 0 (0) 2 (20) 4 (10)

Prior therapy

Chemotherapy regimens (N = 20) (N = 3) (N = 9) (N = 1) (N = 10) (N = 39) (N = 4)

Median 3 4 3 1 3 3 4

Range 1–7 3–4 1–6 1 1–7 1–7 1–4

History of irinotecan 19 (95) 3 (100) 4 (44) 0 (0) 9 (90) 32 (82) 3 (75)

Radiation therapy (n = 18) (n = 3) (n = 9) (n = 1) (n = 10) (n = 37) (n = 4)

Median 1 1 1 1 1 1 1

Range 1–3 1–2 1–3 1–6 1–6 1–2

Abbreviations: MB, medulloblastoma; NB, neuroblastoma; PBL, pineoblastoma; RMS, rhabdomyosarcoma.
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to stage 2 of the Simon two‐stage design and therefore did not

meet the protocol‐defined efficacy end point.

Ten patients with rhabdomyosarcoma enrolled on part D. They

had a median of three prior chemotherapy regimens (range, 1–7),

nine (90%) had prior irinotecan, and 10 (100%) prior had radiation

therapy (Table 1). Five patients’ tumors were alveolar histology

(50%), three embryonal histology (30%), and two other/mixed

(20%) (Figure 3). Of the 10 eligible patients, there were no

objective responders and therefore part D did not meet the

required one responder in stage 1 to proceed to stage 2 with the

10 + 10 Simon two‐stage design. However, two patients with

rhabdomyosarcoma had stable disease for eight and 10 cycles

(Figure 3).

Tolerability

Toxicity of the combination therapy was assessed by standard

CTCAEv5 criteria and were mainly hematologic and gastrointes-

tinal related (Table 2). In all parts of ADVL1312, there were no

dose‐limiting toxicities in cycle 1 or later at the maximum toler-

ated dose.

Correlative biology

With the early signal of activity in neuroblastoma, we sought to

explore potential predictors of response, within the confines of a

phase 2 expansion trial. Although patients in this study were not

consented for tumor sequencing, for part B, clinical sites provided

information about MYC/N amplification 11q LOH, ATRX, and ALK

mutation status, if known. Two of 18 patients (11%) had MYCN‐
amplified neuroblastoma (patients 13 and 18; Figure 1), two were

unknown (patients 3 and 4), and the remaining 16 were MYCN

nonamplified. Although we hypothesized that patients with MYCN‐
amplified neuroblastoma may respond to WEE1 inhibition because of

oncogene‐induced replication stress, neither of the MYCN‐amplified
patients had an objective response. Preclinical studies have recently

shown that tumors with the ATRX mutation or deletion may have

synthetic lethality with adavosertib and irinotecan.20,21 Given the

prevalence of ALT in progressive recurrent neuroblastoma, particu-

larly in association with ATRX mutation, we examined whether

this could be associated with response.22–24 We first validated the in

situ UBTF assay for ALT in a pediatric high‐grade, glioma‐enriched
TMA patient whose tumors also had known ALT status by c‐circle
assay (the gold standard measurement), ATRX mutation, and

F I G U R E 1 Swimmer plot to summarize the patient level methods of evaluation, response, and ALT and ATRX status for neuroblastoma
(Part B). The colored bars indicate response or prolonged SD; the gray bars are neither response nor SD. Where there is no bar (subjects 18–
20), subjects did not have end of cycle 1 disease evaluations. In the case of responders, the first marker on the bar is placed at the time of the

confirmed response. For nonresponders, the first marker will be cycle 1. The final marker is the status at the final study evaluation. Although
not marked, routine evaluations occurred after cycle 1 and cycle 2; every other cycle � 2 and then every three cycles until progression or a
maximum of 18 cycles. If there is no red or black outline around the bar, this indicates that tissue was not available for correlative biology

studies. All patients had MYCN‐nonamplified disease except for subjects 13 and 18 (MYCN amplified) and 3 and 4 (unknown MYCN status). All
patients had been treated at some point with a prior irinotecan‐containing regimen, except subject 4. Subject 3 (PR) enrolled on ADVL1312
after progressing on an irinotecan‐containing regimen. PR indicates partial response; SD, stable disease.
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immunohistochemistry. In comparison to the c‐circle assay results of
the TMA, the UBTF assay had a 94.2% accuracy in predicting ALT

tumors. With confidence in the assay, we then determined colocali-

zation of UBTF (red) and the neuroblastoma nuclear protein Phox2B

(green) on the 12 ADVL1312 neuroblastoma tumors with archival

tissue available (Figure 4 and Figure S2). A summary of clinical

response and tumor ALT and/or ATRX mutation status is shown in

Figure 1. The objective response rate was 25% for patients whose

tumors were ALT/UBTF positive (two of eight), 0% if ALT/UBTF

negative (zero of four), and 12.5% (one of eight) if ALT/UBTF data

were not available.

DISCUSSION

The ADVL1312 phase 2 expansion examined the clinical activity of

adavosertib in combination with irinotecan in three pediatric cancer

cohorts: neuroblastoma (part B), medulloblastoma/CNS embryonal

tumors (part C), and rhabdomyosarcoma (part D). Only the neuro-

blastoma cohort met the protocol‐defined efficacy end point and had
an estimated 16.7% objective response rate. To put this finding into

context, there are two phase 2 single‐agent irinotecan monotherapy

trials in neuroblastoma, and these informed our trial design. The

response rate was 0% in the European (SFOP and UKCCSG) and 5%

in the United States (Children’s Oncology Group [COG]) recurrent

neuroblastoma pediatric phase 2 cooperative group trials.14,25 The

SFOP UKCCSG irinotecan dosing was 600 mg/m2 intravenously once

every 3 weeks and the COG dosing was 50 mg/m2/day intravenously

� 5 days every 3 weeks. For ADVL1312, we chose to dose irinotecan

90 mg/m2/day orally � 5 days every 3 weeks because it had previ-

ously been estimated that this dose and schedule has similar phar-

macokinetic exposure to the COG phase 2 dose and schedule of

50 mg/m2/day IV � 5 days every 3 weeks (in rhabdomyosarcoma

with temozolomide, vincristine), enabling us to rationally define an

efficacy end point and for convenience to the families.26,27 The

combination of irinotecan and temozolomide in patients with first‐
relapse neuroblastoma had an objective response rate of 15% and

has become a backbone therapy in developmental therapeutic ap-

proaches for this disease, some of which are moving into up‐front
therapy trials.28,29 To give perspective on neuroblastoma responses

in early‐phase clinical trials in general, London et al. examined 383

patients with neuroblastoma enrolled in 35 COG trials after first

relapse and found that the median time to progression was 58 days

(range, 31–183 days).30 Similarly, among 203 patients with

F I G U R E 2 Representative images from subject 3 who had both measurable and MIBG‐evaluable neuroblastoma and an overall central
radiology reviewed PR from cycles 3 through 8, and PD at cycle 11. This patient enrolled with a history of progressive disease on a prior
irinotecan‐containing regimen. The left top panel shows the baseline 3.5‐cm paraspinal mass (denoted by the red arrow), which is absent in
cycle 5 in the top right panel. The bottom panels demonstrate the corresponding MIBG imaging. The bottom left panel shows the baseline

pretherapy MIBG imaging of the paraspinal mass. Although the cycle 5 MIBG paraspinal mass demonstrated a CR (lower half, bottom right
panel), there remained a small focus of residual MIBG‐avid disease at the L5 vertebrae at cycle 5 (denoted by the * on the upper half bottom
right panel), so the overall response was a PR (Figure S1). CR, complete response; MIBG, metaiodobenzylguanidine; PD, progressive disease;

PR, partial response.
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neuroblastoma evaluable for response on New Approaches to Neu-

roblastoma Therapy consortium early‐phase clinical trials, there was
a 6.1% complete response/partial response rate.31

With the early signal of clinical activity of ADVL1312 therapy in

neuroblastoma, we sought to determine factors that could correlate

with clinical response within the confines of an early‐phase trial. The
ATRX chromatin remodeler gene, and its resultant phenotype of ALT,

was of interest because ATRX is (1) mutated in approximately 30% of

older pediatric patients with neuroblastoma, particularly those with

relapsed/refractory disease; (2) has a role in maintenance of telo-

meres and replication fork progression, and tumors with ATRX mu-

tation have higher levels of replicative stress; and (3) preclinical

studies in ATRX‐deficient models demonstrated synthetic lethality

with agents that potentiate replicative stress, including irinotecan

and AZD1775 (adavosertib).20–22,24,32 However, assessing neuro-

blastoma tumor sections for ATRX protein loss is technically difficult

because, even if mutated, the nuclear protein may be present by

immunohistochemistry.33 Moreover, neuroblastoma diagnostic tis-

sues are often small and admixed with normal cells from the biopsy

sites, challenging sequencing efforts. Finally, neuroblastoma tumors

with ALT define the subset of aggressive, refractory, and poor

prognosis disease, but genomic mutation of ATRX is identifiable in

only half of patient tumors with ALT.21,22 To overcome these limi-

tations in our study and because we only had FFPE tissues available,

we assayed the ADVL1312 tissues for ALT by in situ multiplex

immunofluorescence of UBTF with colocalization of the neuroblas-

toma specific marker Phox2B. Of the three patients who had an

objective response, two had ALT‐positive tumors. The third

responder (subject 1, Figure 1) did not have archival tissue available,

but was an adolescent with MYCN nonamplified disease.34–36 ATRX

mutation/ALT is infrequently found in medulloblastoma37 or rhab-

domyosarcoma,38 so UBTF were not assessed. We evaluated the

pineoblastoma tumor from the patient with a partial response in part

C because the frequency of ALT in this histology is unknown, but the

tumor did not have ALT UBTF.

ALT is found in tumors from older pediatric and adolescent

neuroblastoma patients with indolent, chemo‐refractory disease with
a dismal prognosis.21,22 To our knowledge, this is the first trial to

assess ALT status in relation to response, and we found that 67% of

our neuroblastoma cohort, eight of 12 with tissue available, had

tumors that were ALT positive. Although we were not able to

demonstrate an association of objective response of ADVL1312 with

ALT status because of an incomplete set of tumors, we think that it

may be an important potential biomarker to consider in future

F I G U R E 3 Swimmer plot to summarize the patient level diagnosis and response for the medulloblastoma/embryonal tumor (part C) and
rhabdomyosarcoma (part D) cohorts. The patterned bars indicate response or prolonged stable disease (≥6 cycles); the gray solid bars are
neither response nor SD. In the case of the responder, the first marker on the bar is placed at the time of the confirmed response. For
nonresponders, the first marker will be cycle 1. The final marker is the status at the final study evaluation. Although not marked, routine

evaluations occurred after cycle 1 and cycle 2; every other cycle � 2 and then every 3 cycles until progression or a maximum of 18 cycles. SD
indicates stable disease.
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studies of relapsed refractory neuroblastoma offering the possibility

for ALT‐directed therapy. We were able to examine for a possible

signal of activity for ALT tumors because of the patient enrollment.

Our cohort was enriched for older chemo‐refractory patients

because the ADVL1312 eligibility criteria required patients to swal-

low adavosertib capsules whole and allowed patients to enroll even if

they progressed on a prior irinotecan‐containing regimen because it

was hypothesized that WEE1 inhibition could reverse chemotherapy

resistance.3,5 Table 1 reflects such a population in which the neuro-

blastoma cohort had a median age of 9 years (range, 6–19 years) and

was heavily pretreated with a median of three prior chemotherapy

regimens (range, 1–7), including 95% of the cohort having had a prior

irinotecan containing regimen.

ADVL1312 therapy did not meet the efficacy end point in the

rhabdomyosarcoma cohort (part D) despite compelling preclinical

data of activity of adavosertib, irinotecan, and vincristine in ortho-

topic patient–derived xenograft models of rhabdomyosarcoma.6

Preclinically adavosertib and irinotecan had a 39% combined (com-

plete response + partial response) response rate across four ortho-

topic patient–derived xenograft models of rhabdosarcoma that

increased to 70% with addition of vincristine to the irinotecan/ada-

vosertib combination. Considerations for the lack of responses in

patients with rhabdomyosarcoma enrolled on ADVL1312 include a

predominance of alveolar histology with large bulky or widely met-

astatic disease, characteristics that are associated with less favorable

postrelapse outcome, as may be expected from an early‐phase clin-

ical trial39 (Table 1, Figure 3).

A notable limitation of the trial's correlative biology was tissue

availability in only 12 of 20 patients with neuroblastoma, limiting

conclusions based onmolecular analysis. If a patient had archival tissue

available, they were required to submit it. However, the protocol did

not block enrollment if tissue was not available. Reasons that patients

may not have had tissue include (1) in pediatric clinical trials, proced-

ures (including rebiopsy) are not often done unless there is direct

prospect for benefit to the child; (2) diagnostic tissue is often small and

may only be a core biopsy; and (3) therewas no limit to number of prior

therapies at enrollment, so tissue may have been exhausted for prior

trials. In addition, during the years of enrollment (2016–2020), tumor

sequencing was not yet part of standard clinical care and subjects

could not be consented for research sequencing retrospectively.

General limitations of this study include those related to a phase

1/2 design. Patients were eligible for response without completing

end of cycle 1 disease evaluations or only receiving 2 of 5 planned

days of therapy (subjects 18, 19, and 20). In addition, it is not possible

to discern the contribution of each agent to the response, or if a

combination is necessary. Of interest is that subject 3 (Figures 2 and

4, partial response, 11 cycles) enrolled on ADVL1312 having pro-

gressed on an irinotecan containing regimen, and subject 1 dis-

continued irinotecan after cycle 5 with a continued partial response

on adavosertib monotherapy until cycle 18.

In summary, the ADVL1312 combination of adavosertib and iri-

notecan was tolerable and demonstrates early signal of activity in

relapsed neuroblastoma. This is the first positive signal of clinical

activity in pediatric oncology for a small molecule DNA damage

repair/cell‐cycle checkpoint inhibitor and the ability to target repli-

cation stress.40 The findings are potentially impactful to neuroblas-

toma and other malignancies of children, adolescents, and young

adults. Although adavosertib has not been Food and Drug

Administration–approved, it is the first in class and there are novel

WEE1 inhibitors in development. Additional clinical studies are

needed to determine whether adavosertib, novel WEE1 inhibitors, or

T A B L E 2 Toxicity of the ADVL1312 combination therapy.

Maximum grade across all cycles

Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Part B neuroblastoma, n = 16 evaluable for toxicity

Neutropenia 2 4 4 1

Thrombocytopenia 4 1 1 2

Anemia 4 3 2

Leukopenia 5 3 2

Lymphopenia 3 1

Nausea 6 3 2

Vomiting 7 1 1

Diarrhea 9 1

Part C medulloblastoma, n = 7 evaluable for toxicity

Neutropenia 1 3

Thrombocytopenia 2 1

Anemia 3 1

Leukopenia 1 2 2

Lymphopenia 1 2 2

Nausea 4

Vomiting 5

Diarrhea 4 1

Part D rhabdomyosarcoma, n = 7 evaluable for toxicity

Neutropenia 3

Thrombocytopenia 2 2

Anemia 2 1 1

Leukopenia 4 1

Lymphopenia 1 1

Nausea 4 1 1

Vomiting 3 1 1

Diarrhea 4 1 1

Anorexia 2 1

Dehydration 1 1

Hypokalemia 1 1

Note: Adverse events were mainly hematologic and gastrointestinal

related. These tables include any toxicity that had at least one patient

with grade 3 or greater adverse event OR was present in >50% of

cohort.
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agents that target replicative stress will have activity in neuroblas-

toma and other ATRX mutant, ALT‐activated tumors.
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