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Results and lessons learnt from the WISTERIA phase I trial
combining AZD1775 with cisplatin pre- or post-operatively in
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BACKGROUND: Pre-clinical studies suggest AZD1775, a WEE1 kinase inhibitor, potentiates the activity of various chemotherapeutic
agents.
METHODS: WISTERIA was a prospective, parallel two-group, open-label, dose-finding, phase I clinical trial. Eligible patients had
histologically confirmed oral, laryngeal, or hypopharyngeal squamous cell carcinoma, ECOG performance status 0/1, and aged ≥18-
to-≤70 years. Primary outcomes were adverse events and defining recommended dose and schedule of AZD1775 in combination
with cisplatin in pre-operative (Group A), or with cisplatin/radiotherapy in post-operative (Group B) patients. Dose determination
was guided by a modified time-to-event continual reassessment method (mTITE-CRM).
RESULTS: Between 30-Oct-2017 and 15-Jul-2019, nine patients were registered: Three into Group A and six into Group B. WISTERIA
was closed early due to poor recruitment. Five dose-limiting toxicities (DLTs) were reported in four Group B patients. Seven serious
adverse events were reported in four patients: One in Group A, and three in Group B. Three were related to treatment. No
treatment-related deaths were reported.
CONCLUSIONS: WISTERIA did not complete its primary objectives due to poor recruitment and toxicities reported in Group B.
However, use of the novel mTITE-CRM improved flexibility in reducing accrual suspension periods and should be considered for
future trials in complex patient populations.
CLINICAL TRIAL REGISTRATION: ISRCTN76291951

BJC Reports; https://doi.org/10.1038/s44276-023-00026-6

INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is the sixth most
common cancer worldwide, with over 12,000 reported cases of
locally advanced laryngeal, oral and hypopharyngeal cancer each
year in the UK between 2016 and 2018 [1]. Combined modality
treatment with surgery, radiotherapy and/or chemotherapy is the
standard-of-care, with post-operative radiotherapy (PORT) recom-
mended for patients with locally advanced disease and those who
have poor prognostic histological features after surgical resection
e.g., perineural/vascular invasion, or multiple involved lymph
nodes. Platinum-based post-operative chemo-radiation (POCRT) is
specifically recommended for those with involved margins or
those with extra-capsular spread (ECS) of disease in involved
lymph nodes [2].
Despite this intensive treatment, three-year overall survival is

sub-optimal at 60–70%. Loco-regional relapse is particularly
difficult to salvage, and local control is closely correlated with

overall survival as are higher quality of life (QoL) scores.
Therefore, there remains an urgent need to develop novel
approaches that achieve improved loco-regional disease control
for this patient group, which may translate into improved overall
survival and an enhancement in patient-related outcome
measures.
POCRT exploits the cellular DNA damage response (DDR) in

malignant and normal tissues to eradicate microscopic residual
disease. Cell cycle checkpoints are an integral and druggable
component of the DDR, allowing the cell to pause and repair the
DNA. Mutations in TP53, a key regulator of the G1/S checkpoint
are seen in 60-70% of HNSCC cases [3], and are sufficient to impair
the function of this checkpoint, and thereby create a critical
reliance on the later G2/M checkpoint. Pharmacological abroga-
tion of the G2/M checkpoint has been shown to differentially
sensitise normal and tumour cells to the effects of DNA-damaging
agents such as cisplatin and ionising radiation (IR) [4].

Received: 26 September 2023 Revised: 30 November 2023 Accepted: 14 December 2023

1King’s College London, London, UK. 2Cancer Research UK Clinical Trials Unit, Institute of Cancer and Genomics Sciences, University of Birmingham, Birmingham, UK. 3University
Hospitals Birmingham NHS Foundation Trust, Birmingham, UK. 4UCL Cancer Institute / University College London Hospitals NHS Foundation Trust, London, UK. 5The Clatterbridge
Cancer Centre, Wirral/University of Liverpool, Liverpool, UK. 6Beatson West of Scotland Cancer Centre, Institute of Cancer Sciences, University of Glasgow, Glasgow, UK. 7The
Institute of Cancer Research, London, UK. 8Clinical Trials and Statistics Unit, The Institute of Cancer Research, London, UK. 9InHANSE, Institute of Cancer and Genomic Sciences,
University of Birmingham, Birmingham, UK. 10These authors contributed equally: Anthony Kong, Amanda J. Kirkham. 11These authors jointly supervised this work: Christina Yap,
Hisham Mehanna. ✉email: H.Mehanna@bham.ac.uk

www.nature.com/bjcreports

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s44276-023-00026-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s44276-023-00026-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s44276-023-00026-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s44276-023-00026-6&domain=pdf
https://doi.org/10.1038/s44276-023-00026-6
mailto:H.Mehanna@bham.ac.uk


WEE1 kinase is a key regulator of the G2/M checkpoint and a
promising therapeutic target. It is a serine-threonine kinase
involved in phosphorylation and inactivation of cyclin-
dependent kinase (CDK)1 and CDK2 and has been implicated in
maintaining genomic stability through stabilisation of replication
forks [5]. WEE1 upregulation is seen in a variety of human cancers
and is inversely associated with prognosis in some models [6, 7].
Kinomiescreens in HNSCC have identified WEE1 expression as a
strong determinant of cell survival [8, 9].
AZD1775 is a potent, selective small molecule inhibitor of WEE1.

Several pre-clinical studies have suggested that AZD1775
potentiates the activity of various chemotherapeutic agents
[10–15], including cisplatin-induced G2/M arrest in HNSCC TP53
mutant cell lines [16]. Furthermore, data suggest that p53
mutation is a predictive biomarker for response to WEE1 inhibition
by AZD1775 [17].
At the time of this trial’s inception, AZD1775 had shown single-

agent activity in patients carrying BRCA mutations [18] and was
being tested in combination with radiotherapy in childhood
pontine glioma (NCT01922076), with temozolomide and radio-
therapy in glioblastoma (NCT01849146), and with cisplatin and
radiotherapy in cervical cancer (NCT01958658).
Swift evaluation of novel radiotherapy-drug combinations in

complex clinical settings has been limited by the periodic
suspension of accrual whilst patients complete follow-up to assess
the occurrence of dose-limiting toxicities (DLTs) [19, 20]. The risk of
potential delayed-onset toxicities (a particular challenge for phase I
trials with radiotherapy combinations), makes conventional rule-
based designs result in infeasible lengthy trial durations within the
funding requirements (in terms of both time and cost) or, indeed,
the patent-life of novel agents. Based on clinical, biological, and
statistical considerations, WISTERIA (ISRCTN76291951/
NCT03028766) was designed as a two-part trial to incorporate
AZD1775 treatment in those HNSCC patients of the oral cavity,
larynx and hypopharynx who were planned to undergo surgical
resection in both the pre- and post-surgical settings conducted
simultaneously. The aims were to determine the safety profile
through the use of an efficient Bayesian Time-to-event Continual

Reassessment Method (TITE-CRM) [21] to identify the (a) maximum
tolerated dose (MTD) of AZD1775 in combination with a single dose
of cisplatin pre-operatively as a window-of-opportunity trial (Group
A); and (b) MTD of AZD1775 in combination with cisplatin/
radiotherapy post-operatively (Group B).

METHODS
Trial design
WISTERIA was a parallel two-group, open-label, dose-finding, phase I
clinical trial recruiting patients from six hospitals in the UK [22].

TITE-CRM model for MTD assessment
As previously described [22], the modified Bayesian TITE-CRM design used
an empiric dose-toxicity model requiring a maximum of 21 patients per
group and encompassed up to four dose levels of AZD1775. Predefined
dose-limiting toxicities (DLTs) were specified by the clinical investigators of
WISTERIA and have previously been described in full [22] and summarised
in Supplementary Appendix A.
TITE-CRM models were tested for both Group A and Group B separately.

The corresponding operating characteristics and dose transition pathways
were obtained through simulation studies and are provided in Supple-
mentary Appendix B.
Two sensitivity analyses were performed to determine if the amount of

treatment received would influence the TITE-CRM model decision: A 50:50
weighted dose and time model, and a 40:60 weighted model. Both
sensitivity analyses derived similar posterior probability values (to three
decimal places) as those obtained from the non-treatment-adjusted TITE-
CRM model results. Details of the algorithm adjustment can be found in
Supplementary Appendix C. On comparing the outputs from both
treatment-adjusted TITE-CRM models and the non-treatment-adjusted
TITE-CRM model, it was observed that accounting for the amount of trial
treatment (AZD1775) received by each patient had very little effect on the
TITE-CRM model outcome and recommendation for the next dose was
similar for all TITE-CRM models applied. These results were presented to
the Trial Safety Committee (TSC).

Dose decision-making committee
The independent TSC, composed of external clinicians and one statistician,
reviewed interim data once each cohort of patients had been recruited

Enrolment

Allocation

Completed Treatment

Analysis

Assessed for eligibility
(n=63) Excluded (n=54):

•   Patient ineligible (n=16)
•   Declined (n=14)
•   Unable to swallow (n=11)
•   Surgery date (n=10)
•   Clinician choice (n=1)
•   Disease progression (n=1)
•   Post-surgery complications (n=1)

Registered (n=9)

GROUP A – pre-surgery (n=3) GROUP B – post-surgery (n=6)

Cohort 1 (n=3) Cohort 2 (n=3)

Withdrew prior to
treatment start (n=1)

DLT and safety evaluable (n=3)
DLTs recorded (n=2)

DLT and safety evaluable (n=2)
DLTs recorded (n=2)

Treatment received:
75mg AZD1775 bd on days 2-4 in weeks 1,2,4 & 5

+ 40mg/m2 cisplatin on day 1, weeks 1-5 + 54-60 Gy in 30# radiotherapy weeks 1-6

Cohort 1 (n=3)

Treatment received:
100mg AZD1775 bd on days 1-3, 8-10

+ 40mg/m2 cisplatin on day 8

Completed scheduled treatments: 3/3
No DLTs recorded

Proportion of DLT assessment period
completed: 3x 42 days

Completed scheduled treatments: 0/3
DLT recorded (day 30 & 20) (2)

Discontinued AZD1775 and withdrew (1)
Proportion of DLT assessment period
completed: 77, 83, 51 days (total 84)

Completed scheduled treatments: 0/2
DLT recorded (day 27 & 28) (2)

Proportion of DLT assessment period
completed: 77, 76 days (total 84)

DLT and safety evaluable (n=3)
No DLTs

Fig. 1 WISTERIA trial profile. The trial profiles of the two groups and three cohorts analysed in the WISTERIA trial. DLT dose-limiting toxicity.
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and assessed DLTs within the defined assessment timeframe. Additional
meetings were convened if late onset DLTs were observed. The TSC was
responsible for decisions relating to changing the recommended
treatment dose as indicated by the modified TITE-CRM model.

Patient eligibility
Eligible patients had histologically confirmed oral, laryngeal or hypophar-
yngeal squamous cell carcinoma, Eastern Cooperative Oncology Group
(ECOG) performance status 0/1, and were aged ≥18 to ≤70 years. Group A
patients required accessible tumours for re-biopsy under local anaesthetic or
via ultrasound-guided biopsy. Group B patients had high-risk histopatholo-
gical features requiring treatment with post-operative chemoradiotherapy
after surgical resection. Full criteria were previously published [22].
Patient registration by the treating clinician was by telephone to the

Cancer Research UK Clinical Trials Unit (CRCTU).

Interventions and procedures
As previously detailed in Fig. 1 of Kong et al. [22], Group A (pre-operative)
patients received the cohort-specified dose of oral AZD1775 bd for three
days, commencing on both days one and eight, with 40mg/m2

intravenous (IV) cisplatin delivered on day eight. Group B (post-operative)
patients received the cohort-specified dose of oral AZD1775 bd for three
days, commencing on days two, nine, 23 and 30, with 40mg/m2 IV
cisplatin delivered on days two, nine, 16, 23 and 30, where days were
timed from the start of radiotherapy delivery. Radiotherapy (54–65 Gγ in 30
fractions) was given concurrently with chemotherapy over six weeks
commencing within three months of surgery.
Patients in Group A were followed up four and 12 weeks after treatment

ended, with those in Group B weekly for four weeks following the end of
treatment, at 12 weeks, and six and 12 months.

Outcomes
Co-primary outcomes were to determine the recommended dose and
schedules for further testing and safety profile of AZD1775 in combination
with cisplatin in the pre-operative (window of opportunity) setting (Group
A), and with cisplatin/radiotherapy in the post-operative setting (Group B)
as determined by a modified TITE-CRM [21, 23–25]. The safety profile of all
patients was determined as per Common Terminology Criteria for Adverse
Events (CTCAE) v4.0 [26]. The secondary outcome was to obtain
preliminary data about disease-free survival from the start of treatment
to the date of disease recurrence, patient death or end of follow-up.
Tertiary outcomes included evaluation of the pharmacodynamic effects

of AZD1775, and to identify and correlate potentially predictive biomarkers
with pharmacodynamic markers of DNA damage as previously published
[22]. Finally, overall QoL and head and neck-specific QoL was assessed for
patients in Group B using EORTC C30 [27], EORTC QLQ-H&N35 [28], and M.
D. Anderson Dysphagia Inventory (MDADI) [29]. Patients completed
questionnaires independently prior to commencement of radiotherapy,
at the end of treatment assessment, and at the 12-week, six- and 12-month
follow-up visits. Due to the early stopping of the trial, analyses of these
data were limited.

Statistical analysis
MTD was defined as the dose level with an estimated DLT rate closest to
the target DLT rate of 25% and 30% for Group A and Group B, respectively,
and determined using the respective modified TITE-CRM models.
Parameters obtained from the models are presented and graphically
displayed. Additional sensitivity analyses were performed for Group B
results using treatment-adjusted TITE-CRM models to verify if results for
participants not receiving the full treatment would influence the decision
obtained from the TITE-CRM models.
Median disease-free survival and corresponding 95% confidence

intervals were planned using Kaplan and Meier.
Analyses were performed using Stata v17.0 and R v4.1.0.

RESULTS
WISTERIA was closed early due to poor recruitment, and high
toxicity rates in combination with CRT in Group B. Between 30-
Oct-2017 and 15-Jul-2019, nine patients were registered: three in
Group A and six in Group B (Fig. 1). Two patients from Group B
withdrew from the trial; one 20 days post-registration having

received the first two weeks of AZD1775 (75 mg), and a second
five days post-registration prior to receiving any trial treatment.
No patient deaths were reported.
Patient characteristics are described in Table 1. The median age

for patients in the trial was 59 years (range 49 to 64) with 5/9 male
and 7/9 having ECOG performance status 0.

Table 1. Patient baseline characteristics.

Characteristic Treatment Group Overall

Group A -
Pre-surgery

Group B –
Post-surgery

N= 3 N= 6 N= 9

Sex

Male 1 4 5

Female 2 2 4

Age

Mean (s.d.) 52.3 (4.2) 61.0 (2.3) 58.1 (5.1)

Median 51.0 61.0 59.0

IQR 49.0, 57.0 59.0, 63.0 57.0, 61.0

Range 49.0, 57.0 58.0, 64.0 49.0, 64.0

ECOG

0 3 4 7

1 0 2 2

Tumour Types

Oral cavity 3 4 7

Hypopharynx
larynx

0 1 1

Larynx 0 1 1

Side of Tumour

Left 2 4 6

Right 1 2 3

Tumour Differentiation

Moderate 3 5 8

Poor 0 1 1

Histology Type

Squamous cell
carcinoma

3 6 9

Imaging Stage

T

T2 1 0 1

T4a 1 0 1

Not known 1 0 1

Not applicable 0 6 6

Total 3 6 9

N

N0 1 0 1

N2b 1 0 1

N2c 1 0 1

Not applicable 0 6 6

M

M0 1 0 1

Mx 2 0 2

Not applicable 0 6 6

A table of the patient baseline characteristics within the WISTERIA trial.
IQR interquartile range, s.d. standard deviation.
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Details of each patient’s on-trial journey are summarised in
Fig. 2 and Supplementary Appendix D.
Three patients in Group A received 100mg AZD1775 bd for 3

days as per protocol dose level 0 although one patient recorded a
delay with their ninth dose and another patient recorded a delay
in receiving their tenth dose; both received antiemetics during
weeks one and two (Fig. 2). Cisplatin was given as scheduled, with
no patient treated with carboplatin, and all patients underwent
scheduled surgery within the pre-specified 42 days from start of
treatment. All participants completed the full DLT monitoring
period and no DLTs were reported.
Supplementary Appendix E describes using the modified TITE-

CRM, which was updated following the incorporation of this initial
three-patient Group A Cohort, the dose level with the closest
posterior probability estimate to the target DLT rate of 25% was
predicted to be 150mg (dose level 2). As the modified TITE-CRM
did not permit skipping of untried dose levels, the next
recommended dose for Group A Cohort 2 was 125 mg (dose
level 1), but this was not explored as the trial was stopped early.
The first three patients registered into Group B received 75mg

bd AZD1775. Following the TSC review, a further three patients
were registered into Cohort 2 at the same dose (75 mg bd
AZD1775) (see Supplementary Appendix E). One patient withdrew
from the trial before receiving any treatment (Fig. 2). Of the five
evaluable Group B patients, four experienced five DLTs (Table 2).
All five patients discontinued treatment (Tables 2 and 3).
Analysis of all five evaluable Group B patients was performed

using the modified TITE-CRM. The dose level with the closest
posterior probability estimate to the target DLT rate of 0.30 (30%)
was 50 mg (dose level -1) (see Supplementary Appendix E).
Therefore, the TITE-CRM model recommended reducing the dose

Group A

Group B

0 7 14 21 28

Time on Trial (Days)
On treatment

Weekly treatment ends
Cisplatin treatment

AZD1775 treatment
Surgery

42 days from first dose
DLT monitor assessment
Surgery deadline

On treatment

Weekly treatment ends
Cisplatin treatment

AZD1775 treatment

First DLT recorded

Withdrawal

Radiotherapy

Minimum DLT
monitor assessment

35 42 49

0 7 14 21 28

Time on Trial (days)

35 42 49 56 63

Fig. 2 Treatment pathways of registered patients. Swimmer plots
detailing the treatment pathways of patients registered to the
WISTERIA trial. See Supplementary Appendix D for the patients’ full
pathways including follow-up. All patients in Group A received
100mg AZD1775 bd for three days during weeks one and two. Four
patients in Group B received 75mg AZD1775 bd for three days
during weeks one and two. One patient received 75mg AZD1775
bd for three days during weeks one, two, and four. One patient
withdrew from the trial prior to receiving any treatment.
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to 50 mg AZD1775 for the next cohort. Considering the slow
recruitment rate and toxicity demonstrated at relatively low levels
of the drug in Group B, a decision was taken by the TMG to end
recruitment into the trial and approved by the TSC.
In total, there were seven SAEs reported in four patients during

the trial: One patient in Group A and three in Group B (Table 3). In
total, there were 176 AEs; 44 in Group A, and 132 in Group B
(Table 4).
At the time of data lock (13-Dec-2022), all three patients

recruited into Group A were alive with no signs of disease
reported, and all five evaluable patients in Group B were alive,
with only one reporting local disease recurrence at the primary
site before their 12-month follow-up visit. Therefore, median
disease-free survival could not be calculated.
Pharmacokinetic analyses demonstrated that the mean change

in AZD1775 concentration comparing pre- and post-
administration on day 3 for patients in Group A was 113.3%
(range 14.2-187.6), and on day 10 pre- and post-AZD1755
administration the mean change was 116.0% (range 23.6–191.3);
for patients in Group B, the mean change in AZD1775 concentra-
tion comparing pre- and post-AZD1775 administration on day 5
was 110.5% (range 44.0–158.2) (Supplementary Appendix F). Due
to the early stopping of the trial, the feasibility of assessing
potentially predictive biomarkers was not possible.
Quality of life data were collected for patients in Group B but

due to the small number of patients recruited few conclusions can
be drawn. As exemplified in the EORTC QLQ C30 Global Health
Score, QoL scores reduced during treatment (week one to end of
treatment mean score change= –26.3%) and at 12-week follow-
up (end of treatment to 12-week follow-up mean score= –6.2%)
before slowly increasing (12-week follow-up to six-month mean
score change = 29.2%; six-month follow-up to 12-month mean
score change = 5.1%) to levels similar to those at pre-treatment;
week one mean score = 73.0 (95%CI: 58.56–87.40) compared to
12-month follow-up mean score = 64.6 (95%CI: 48.43–80.77)
(Supplementary Appendix G).

DISCUSSION
In this trial, we conducted a phase Ib trial to assess whether the
WEE1 inhibitor AZD1775 could be safely combined with cisplatin
chemotherapy pre-operatively (Group A) and with adjuvant
concurrent chemoradiation post-operatively (Group B) without
excessive acute and late toxicities in HNSCC patients undergoing
curative surgery.
In Group A, we originally intended to recruit up to 21 patients in

four dose levels but only one dose cohort (100 mg bd, dose level
0) with three patients was recruited before the closure of the trial
due to slow recruitment. The TITE-CRM recommended recruitment

to the next higher dose level of 125 mg. However, due to the
closure of the trial, this could not be undertaken and so the
recommended dose and schedule of AZD1775 in combination
with cisplatin, could not be determined.
In Group B, we assessed the safety of combining AZD1775

with standard adjuvant chemoradiation in resectable HNSCC
patients with high-risk histopathological features including
positive margins and/or ECS with a view to improve the
outcome for this group of patients by enhancing the effect of
chemoradiation. A total of six patients (out of the originally
intended 21 patients) were recruited into dose level 0: 75 mg
AZD1775 bd for three days, commencing on days two, nine, 23
and 30, with 40 mg/m2 IV cisplatin delivered on days two, nine,
16, 23, and 30 with post-operative radiotherapy 54–65 Gy in 30
fractions given over six weeks. There were five DLTs occurring in
four of the five evaluable patients (one patient experienced two
DLTs). This indicated the potentiation of acute toxicities of
adjuvant chemoradiation in combination with AZD1775 even at
a low dose, resulting in patients’ inability to complete the
intended course of AZD1775 with chemoradiation. The TITE-
CRM model recommended reducing the AZD1775 dose to dose
level –1 (50 mg AZD1775) for the next cohort, had the trial
continued.
In a previous phase I study, the MTD monotherapy dose of

AZD1775 in patients with refractory solid tumours was determined
to be 225mg bd for 2.5 days in weeks one and two of a three-
week cycle (a total dose of 2250 mg every 3 weeks) [18]. In a
second phase Ib study, the MTD dose for AZD1775 was
determined to be 200 mg bd for 2.5 days every 21 days (a total
dose of 1000mg every three weeks) with cisplatin 75mg/m2 in
patients with advanced solid tumours [30]. Therefore, had we
continued the WISTERIA trial, the modified TITE-CRM predicted the
MTD dose to be AZD1775 150 mg bd (dose level 2) for three days,
on day one as monotherapy (total 900 mg on week one) and day
eight in combination with 40 mg/m2 cisplatin (total dose 900mg
on week 2) in Group A.
A future study could explore the combination of AZD1775 with

cisplatin or with cisplatin and docetaxel as a neoadjuvant regimen,
and then be compared with standard induction chemotherapy
(cisplatin, docetaxel and 5FU or cisplatin and docetaxel) to assess
the anti-tumour efficacy as well as toxicities between the
regimens. A previous phase I study demonstrated that AZD1775
bd over 2.5 days on week one given in combination with weekly
cisplatin (25 mg/m2) and docetaxel (35 mg/m2) for three addi-
tional weeks as neoadjuvant treatment was suitable for patients
with stage III/IVB HNSCC planned for definitive chemoradiation
[31]. The MTD for AZD1775 was determined to be 150mg orally
bd for 2.5 days with promising anti-tumour efficacy of the
combination with an ORR of 50% and SD of 40% [31].

Table 3. Serious adverse event details.

Days on Trial Category Event Duration (Days) Outcome

Group A

100 Unrelated SAE Mucositis 5 Resolved–with sequelae

100 Unrelated SAE Mucositis 3 Resolved–with sequelae

Group B

384 Non-fatal/life-threatening SUSAR Dysphagia 18 Resolved–no sequelae

384 SAR Diarrhoea 3 Resolved–no sequelae

384 SAR Nausea 2 Resolved–with sequelae

370* SAR Febrile neutropenia 27 Resolved–no sequelae

350 Unrelated SAE Skin Infection 2 Resolved–no sequelae

A list of all serious adverse events that occurred during the WISTERIA trial.
SAE serious adverse event, SAR serious adverse reaction (i.e., drug-related), SUSAR suspected unexpected serious adverse reaction.
*This SAE was also reported as a dose limiting toxicity (see Table 2).
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In HNSCC patients, AZD1775 was previously combined with
definitive chemoradiotherapy for patients with intermediate- and
high-risk, locally advanced HNSCC in a phase Ib study and the
RP2D of AZD1775 was 100mg (bd on days one to three of weeks
one, two, four, five, seven, and eight), in combination with 70 Gy of
radiotherapy and concurrent cisplatin 30 mg/m2 [32]. Three
patients (25% out of 12 enrolled patients) experienced a DLT,
including grade 4 thromboembolism and febrile neutropenia [32].
This study was similar to WISTERIA but in patients undergoing
definitive chemoradiotherapy rather than post-operative chemor-
adiotherapy. The use of a lower weekly cisplatin dose of 30mg/
m2, compared to the standard weekly dose of 40 mg/m2, with the
addition of AZD1775 still resulted in a DLT rate of 25%. This is
lower than the DLT rate of 80% seen in WISTERIA arm B (with
weekly cisplatin 40 mg/m2). The RP2D in that study was 100mg
bd (bd on days one to three of weeks one, two, four, five, seven,
and eight), which was higher than the likely tolerated for Group B
of WISTERIA, had the trial continued (TITE-CRM recommended
reduction from 100mg bd). However, it is difficult to directly
compare the two studies due to the different study populations
and the different radiotherapy and cisplatin doses.
There have been few studies combining AZD1775 with

concurrent chemoradiation. A phase I study of AZD1775 in

combination with definitive chemoradiotherapy was previously
conducted in patients with cervical cancers (NCT01958658) but
the study was put on hold in 2018 and the outcome of this study
has not been reported. A similar study was conducted with
AZD1775 in combination with chemoradiotherapy in patients with
cervical, upper vaginal and uterine cancers (NCT03345784) but
was closed early due to clinically significant toxicity and slow
accrual so failed to determine the RP2D of AZD1775. In patients
with locally advanced pancreatic cancer, a dose escalation study
determined the RP2D of AZD1775 to be 150mg/day (od on days
one, two, eight, and nine every 21 days) with four cycles of
gemcitabine (1,000 mg/m2 days one and eight in 21-day cycle)
plus radiation (administered concurrently for cycles two and three)
[33]. There were eight patients (24% out of 34 enrolled patients)
who experienced a DLT, including neutropenic sepsis/thrombo-
cytopenia and abnormal liver function tests.
Unfortunately, HNSCC patients with ECS and/or positive

margins requiring post-operative chemoradiotherapy have a very
high locoregional recurrence rate with a three-year disease-free
survival of only 45% [34]. Some of these patients even develop
disease recurrence before starting adjuvant post-operative che-
moradiotherapy, particularly in those with surgical complications
leading to delay in wound recovery. This contributes to

Table 4. Summary of adverse events.

CTCAE Grade

Adverse Event Category (N (%)) Grade 1 Grade 2 Grade 3 Grade 4 Overall

Group A

Blood and lymphatic system disorders 0 (0.0) 0 (0.0) 3 (30.0) 0 (0.0) 3 (6.8)

Cardiac disorders 1 (7.1) 1 (5.0) 0 (0.0) 0 (0.0) 2 (4.5)

Gastrointestinal disorders 6 (42.9) 11 (55.0) 1 (10.0) 0 (0.0) 18 (40.9)

General disorders and administration site conditions 1 (7.1) 2 (10.0) 0 (0.0) 0 (0.0) 3 (6.8)

Infections and infestations 0 (0.0) 2 (10.0) 0 (0.0) 0 (0.0) 2 (4.5)

Injury, poisoning and procedural complications 1 (7.1) 2 (10.0) 0 (0.0) 0 (0.0) 3 (6.8)

Investigations 1 (7.1) 0 (0.0) 2 (20.0) 0 (0.0) 3 (6.8)

Metabolism and nutrition disorders 2 (14.3) 0 (0.0) 4 (40.0) 0 (0.0) 6 (13.6)

Nervous system disorders 1 (7.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (2.3)

Psychiatric disorders 1 (7.1) 1 (5.0) 0 (0.0) 0 (0.0) 2 (4.5)

Respiratory, thoracic and mediastinal disorders 0 (0.0) 1 (5.0) 0 (0.0) 0 (0.0) 1 (2.3)

Total 14 20 10 0 44

Group B

Blood and lymphatic system disorders 3 (4.8) 5 (10.6) 2 (9.5) 1 (100.0) 11 (8.3)

Ear and labyrinth disorders 1 (1.6) 1 (2.1) 0 (0.0) 0 (0.0) 2 (1.5)

Gastrointestinal disorders 27 (42.9) 20 (42.6) 5 (23.8) 0 (0.0) 52 (39.4)

General disorders and administration site conditions 6 (9.5) 5 (10.6) 1 (4.8) 0 (0.0) 12 (9.1)

Infections and infestations 0 (0.0) 1 (2.1) 0 (0.0) 0 (0.0) 1 (0.8)

Injury, poisoning and procedural complications 3 (4.8) 2 (4.3) 1 (4.8) 0 (0.0) 6 (4.5)

Investigations 1 (1.6) 2 (4.3) 4 (19.0) 0 (0.0) 7 (5.3)

Metabolism and nutrition disorders 10 (15.9) 4 (8.5) 6 (28.6) 0 (0.0) 20 (15.2)

Musculoskeletal and connective tissue disorders 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.8)

Nervous system disorders 4 (6.3) 4 (8.5) 0 (0.0) 0 (0.0) 8 (6.1)

Psychiatric disorders 0 (0.0) 1 (2.1) 0 (0.0) 0 (0.0) 1 (0.8)

Respiratory, thoracic and mediastinal disorders 1 (1.6) 1 (2.1) 0 (0.0) 0 (0.0) 2 (1.5)

Skin and subcutaneous tissue disorders 5 (7.9) 1 (2.1) 2 (9.5) 0 (0.0) 8 (6.1)

Surgical and medical procedures 1 (1.6) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.8)

Total 63 47 21 1 132

A summary of all those adverse events as defined by Common Terminology Criteria for Adverse Events (CTCAE) v4.0 [26] that occurred during the WISTERIA
trial.
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recruitment issues for this group of patients. If we were to design a
similar study again, we could consider combining AZD1775 with
postoperative radiotherapy for patients with resectable locally
advanced HNSCC without high-risk features such as ECS and
positive margin. By targeting this population, we would omit
concurrent cisplatin chemotherapy and potentially avoid the
excess toxicities seen in the combination of AZD1775 with
chemoradiotherapy. This group of patients are still at high risk
of recurrence (three-year disease-free survival of 71%) [34] and
they are potentially easier to recruit since they are seen more
frequently than those requiring concurrent chemoradiotherapy.
Despite promising anti-tumour activity reported in previously

published clinical trials on AZD1775, the excess toxicities seen by
the combination of AZD1775 with chemotherapy or concurrent
chemoradiotherapy prevent the further development of AZD1775
in patients with resectable HNSCC who require post-operative
chemoradiotherapy as shown in our study. AZD1775 appears to
be better tolerated when combined with other non-
chemotherapeutic novel agents, in particular immunotherapy. In
a phase Ib study of AZD1775 and durvalumab conducted in
patients with advanced solid tumours (NCT02617277), the
treatment combination showed a good safety profile with fatigue
(15%), nausea (9%), and diarrhoea (11%) the most common grade
≥3 AEs; only two DLTs were observed, namely nausea (N= 2) and
diarrhoea (N= 1) [35]. The RP2D for AZD1775 was 150 mg bd
(three days on, four days off; treatment days 15–17, 22–24) with
durvalumab 1500mg (D1 Q4W) and there was evidence of
antitumor activity with a disease control rate of 36% [35].
Therefore, this combination could be tested as adjuvant
maintenance treatment following the completion of post-
operative chemoradiotherapy or radiotherapy for patients with
resectable HNSCC or recurrent or metastatic HNSCC whose
disease has progressed after previous immunotherapy.
Recruitment for the Group A window study was particularly

challenging; primarily due to the challenges related to coordinat-
ing recruiting patients who required surgery when delays to
surgery were deemed unacceptable and unethical. Moreover, in
some NHS hospitals that opened WISTERIA, surgery and oncology
treatments were often administered at different sites, representing
a further coordination challenge. In addition to logistic issues, the
other major drawbacks highlighted previously for window studies
included clinician concern regarding potential safety issues, such
as post-surgical wound complications, risk of disease progression
from delayed definitive treatment and a probable lack of patient
benefit in giving a short course of treatment [36]. We would
recommend that these issues be explored, and proposed solutions
identified before a new window of opportunity study is carried out
to avoid similar challenges being repeated.
To maximise recruitment and, reduce suspension time between

cohorts, whilst balancing safety and optimal patient allocation, we
also implemented a practical recruitment strategy of allowing
screening cohorts of up to five patients if the dose has previously
been tested. However, as recruitment was so poor, the WISTERIA
trial did not have the chance to make use of this flexible strategy.
Though we recruited three patients in Cohort 2 for Group B, only
two were eventually evaluable. In a typical standard dose-
escalation design with three or six patients, we would have to
replace any non-evaluable patient before any decision can be
made. However, the TITE-CRM design can make inferences with
flexible cohort sizes, which further highlights its advantages,
particularly in settings with patients in advanced disease settings
where non-evaluability is not a rare occurrence. Sensitivity
analyses with treatment-adjusted TITE-CRM models allowed the
proportion of treatment received by Group B participants to be
accounted for as well as the duration of the DLT monitoring
period completed. Findings indicated that the proportion of
treatment received did not influence the outcome of the TITE-CRM
model. With continual reassessment and updating of posterior

probabilities of each patient’s DLT information, the precision of
DLT estimates would be improved. Despite early closure, we have
demonstrated that TITE-CRM is not only a feasible design that
could be utilised effectively in a resource-constrained setting, but
it also offers distinct benefits in terms of flexibility, accrual, and
statistical inference. These lessons learnt could help to shape the
design of future clinical studies in AZD1775 or other DDR agents.
Although WISTERIA did not complete the primary objectives

due to slow recruitment and toxicities seen in combination with
chemoradiotherapy, the modified TITE-CRM trial design used to
determine the MTD in a complex patient population with flexible
cohort sizes was the first of such conducted at a UK academic
institution. TITE-CRM provides greater accuracy in its MTD
determination compared to rule-based designs, whilst reducing
trial duration. This dose-escalation strategy is suited to settings
where the DLT observational period is long compared to the
expected patient recruitment period, to allow for a reduction in
accrual suspension. Implementing an early stopping criterion that
ensured favourable statistical properties and the incorporation of
clinicians’ perspectives on when to stop early when excessive
DLTs were observed at the lower doses using the dose transition
pathways tool to map out dose decisions in advance, further
strengthened the utility of the design in practice [37].
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