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Abstract

Background

BRAF+MEK inhibitors extend life expectancy of patients with BRAFY6%° mutant
advanced melanoma. Acquired resistance limits duration of benefit, but
preclinical and case studies suggest intermittent dosing could overcome this
limitation. INTERIM was a phase 2 trial evaluating an intermittent dosing

regimen.

Methods
Patients with BRAFY6 mutant advanced melanoma due to start

dabrafenib+trametinib were randomised to receive either continuous (CONT),
or intermittent (INT; dabrafenib d1-21, trametinib d1-14 every 28 days) dosing.
A composite primary endpoint included progression-free survival (PFS) and
quality of life (QoL). Secondary endpoints included response rate (ORR),
overall survival (OS) and adverse events (AEs). Mutant BRAFV600F ctDNA was
measured by droplet digital PCR (ddPCR), using mutant allele frequency of
>1% as the detection threshold.

Results

79 patients (39 INT, 40 CONT) were recruited; median age 67 years, 65%
AJCC (7™ ed) stage IV Mic, 29% had brain metastases. With 19 months
median follow-up, INT was inferior in all efficacy measures: median PFS 8.5 vs
10.7mo (HR 1.39, 95%Cl 0.79-2.45, p=0.255); median OS 18.1mo vs not
reached (HR 1.69, 95%CI 0.87-3.28, p=0.121), ORR 57% vs 77%. INT
patients experienced fewer treatment-related AEs (76% vs 88%), but more
grade >3 AEs (53% vs 42%). QoL favoured CONT. Detection of BRAFV600E
ctDNA prior to treatment correlated with worse OS (HR 2.55, 95%Cl 1.25-5.21,
p=0.01) in both arms. A change to undetected during treatment did not

significantly predict better OS.

Conclusion
INTERIM findings are consistent with other recent clinical trials reporting that
intermittent dosing does not improve efficacy of BRAF+MEK inhibitors.



Background

Just under 50% of all melanomas harbour a BRAFVY6% gene mutation.
BRAF+MEK inhibitors have been shown to extend life of patients with BRAFY600
mutant advanced melanoma compared with standard of care in several
international registration clinical trials’3. Median life expectancy of treated
patients is now approaching 3 years. However, most patients progress despite

treatment due to acquired resistance.

Continuous daily dosing of oral kinase inhibitors may promote clonal expansion
of drug resistant cells and intermittent drug dosing was proposed as a strategy
to delay the onset of disease progression*5. In a mouse model, vemurafenib-
resistant tumour cells were shown to become drug-dependent®. Resistant cells
suffered a fitness deficit in the absence of drug and mice survived twice as long
(200 days compared with 100 days) on an intermittent dosing schedule of
vemurafenib (4 weeks on 2 weeks off) compared with continuous daily dosing.
Clinical case reports also suggested that interrupted dosing of BRAF inhibitors

can reverse resistance to the drugs” and improve tolerability®.

Three randomised phase 2 trials have been conducted to test whether pre-
planned intermittent dosing of oral BRAF targeted agents may provide a means
of sustaining patients on treatment for longer. The first 2 studies, one conducted
in the USA?®, the other in Spain'®, have published their findings and both failed
to demonstrate a benefit with intermittent dosing. The UK INTERIM study is the
third study to test this concept.

Methods

Patients

Patients aged 2 18 years with AJCC (7™ edition) stage Ill unresectable or stage
IV BRAFV800 mutant advanced melanoma and Eastern Cooperative Oncology
Group performance status (ECOG PS) 0-2 due to start dabrafenib+trametinib
were eligible to take part in the INTERIM trial. Other key entry criteria were
measurable disease prior to randomisation, life expectancy > 12 weeks,



adequate bone marrow and liver function, and no prior BRAF or MEK inhibitors;
presence of brain metastases and prior immunotherapy were allowed. The
INTERIM trial protocol (ISRCTN18183156) was approved by Cambridge South
Research Ethics Committee (ref: 17/EE/0340) and was performed in
accordance with the Declaration of Helsinki and the European Clinical Trials
Directives 2001/20/EC. All patients provided written informed consent. Grant
funding was provided by the NIHR Research for Patient Benefit Programme.
The funder had no role in the study design, data collection, analysis,
interpretation, or writing of the report.

Treatment

Consenting patients were randomised 1:1 using the minimisation with random
element method to receive standard doses of dabrafenib (150mg bid) and
trametinib (2mg od) either continuously (CONT; dabrafenib+trametinib d1-28)
or intermittently (INT; dabrafenib d1-21 + trametinib d1-14 on a 28-day cycle).
Stratification factors were ECOG PS, AJCC stage (IlIC/IVM1a/IVM1b/IVM1c),
presence or absence of brain metastases and baseline blood lactate
dehydrogenase (LDH) level (< upper limit of normal range (ULN); between
>ULN and < 2 x ULN; >2 x ULN). Patients were allowed to continue on
treatment beyond radiological disease progression if they were deriving clinical
benefit, or if progressive disease was resectable.

Study procedures

Patients were clinically assessed every 2 weeks during the initial 2 cycles, then
prior to the beginning of every cycle until inoperable disease progression, then
3-monthly for a minimum of 9 months follow-up from their randomisation date.
Adverse events (AEs) were recorded using NCI CTCAE version 4.03 for up to
30 days after the last dose of protocol treatment and resolution of all >grade 2
AEs. Quality of life (QoL) was assessed using the EORTC QLQ-C30 and
EQ5D-L questionnaires every 12 weeks before disease progression and every
3 months with a minimum of 9 months after progression since the date of
randomisation. Imaging was performed at baseline, 6 weeks after starting
treatment and then every 8 weeks until disease progression to assess the

objective response rate (ORR) using RECIST V1.1. Research blood samples



to measure plasma BRAF69EctDNA were collected from all patients on cycle
1 d1 (prior to starting treatment) and 15, cycle 2 d1 and 15, cycle 3 d1 and then
at the start of alternate cycles until disease progression, as well as on disease

progression.

Plasma ctDNA assay

DNA was extracted from plasma using the Qiagen Qiasymphony SP
instrument, QIAsymphony DSP Circulating DNA kit and quantified using the
Qubit fluorometer 4.0 and the Qubit™ dsDNA HS kit. The Droplet Digital PCR
(ddPCR) BRAFV60°F test was used to detect a sequence variant that was
present at a very low frequency in a pool of wild-type backgrounds with the
QX200™ Droplet Digital™ PCR System. Following PCR, each droplet was
analysed or read in a flow cytometer to determine the fraction of PCR-positive
droplets in the original sample. Data were then analysed using Poisson
statistics to determine the target DNA template concentration in the original

sample.

Study endpoints and statistical analysis

A composite primary endpoint of this feasibility study was designed to 1)
measure clinical efficacy by comparing progression-free survival (PFS) in the 2
arms; 2) evaluate patient QoL and 3) assess recruitment rate, as well as
treatment compliance with intermittent dosing. Secondary endpoints were
objective response rate (ORR), overall survival (OS) and toxicity. An
exploratory analysis of BRAFY6%%5ciDNA was undertaken to explore its
prognostic and predictive utility, measured by ddPCR, using mutant allele

frequency of >1% as the detection threshold.

Patient experience of taking part in the trial was explored in a qualitative

substudy, which has been fully published elsewhere'".

For PFS, the intended sample size was 100 patients (50 patients in each arm),
to be recruited in 30 months with a minimum of 9 months follow-up to have a
total of 80 PFS events, from up to 20 UK sites. The sample size was compatible
with an anticipated hazard ratio (HR) for PFS of 0.75 in favour of the intermittent



arm, which would provide some evidence of the clinical efficacy of the
intermittent arm. More details on the sample size calculation are provided in the

supplementary materials.

Recruitment rate and compliance in the intermittent arm were of interest in case
of planning a future phase lll trial. The aim was to demonstrate recruitment of
2 patients per site per month when all sites were up and running, Compliance
was defined as the percentage of patients completing the allocated treatment
at 6 months from the date of randomisation and was compared in both arms.

Efficacy and safety analyses were based on the intention-to-treat (ITT) principle
and patients who had at least one dose of trial treatment. The log-rank test was
applied to compare PFS and OS between arms, and ORR was compared using
the Chi-squared test. The subscales of EORTC QLQ-C30 and EQ-5D-5L
questionnaires were derived according to standard-scoring manuals. Analyses
of changes from baseline over time and differences between the 2 arms for
subscales were carried out with repeated measures using ANCOVA, adjusting
for baseline level, time, treatment and interaction of time and treatment.
Kaplan—Meier plots were generated for PFS and OS. Odds ratios (ORs) were
estimated using logistic regression models and HRs with Cox regression
models.

Results

Patients and treatment delivery

From December 2017 to February 2020, 79 patients were recruited at 19 UK
sites at an average recruitment rate of 3 patients per month across all sites; 39
patients were randomised to the intermittent [INT] schedule arm and 40 to the
continuous [CONT] schedule arm (Consort diagram is provided in
Supplementary Figure S1). The study closed to recruitment prematurely in
March 2020 due to the onset of the COVID-19 pandemic and follow up was

stopped in September 2021 with a median follow up of 19 months

Patient demographics and baseline characteristics were well balanced (Table
1). Median patient age was 67 (range 34-85) years, 88% were ECOG PS 0-1,



65% were AJCC stage 4M1c, 29% had brain metastases and 46% had LDH >
ULN. One patient in the INT arm was found to be ineligible after randomisation
and did not receive any trial treatment. 24 (63%) patients in the INT arm and
31 (78%) patients in the CONT arm completed at least 6 cycles of treatment.
Four patients in the INT arm switched to continuous dosing during the study
period, no patients in the CONT arm switched to intermittent dosing regimen.

The median treatment duration was 8.5 (interquartile range [IQR] 14.8) months
in the INT arm and 11.3 (IQR 9.6) months in the CONT arm.

INT (n=39) __ CONT (n=40) All (n=79)

Age (years)

Median (range) 69 (34-85) 62 (38-78) 67 (34-85)
Gender
Female 22 (56%) 21 (52%) 43 (54%)
Male 17 (44%) 19 (48%) 36 (46%)
ECOG performance status
0 19 (49%) 19 (48%) 38 (48%)
1 15 (38%) 17 (42%) 32 (40%)
2 5 (13%) 4 (10%) 9 (11%)
AJCC (7t ed) stage
e 2 (5%) 1 (2%) 3 (4%)
IVM1ia 5 (13%) 6 (15%) 11 (14%)
IVM1b 6 (15%) 8 (20%) 14 (18%)
IVM1ic 26 (67%) 25 (62%) 51 (65%)
Presence of brain metastases
No 29 (74%) 27 (68%) 56 (71%)
Yes 10 (26%) 13 (32%) 23 (29%)
LDH relative to ULN
< ULN 21 (54%) 22 (55%) 43 (54%)
> ULN and <2 x ULN 13 (33%) 14 (35%) 27 (34%)
>2 x ULN 5(13%) 4 (10%) 9 (11%)
Tissue BRAFVE0OE status
Confirmed 29 (74%) 26 (65%) 55 (70%)
Unconfirmed 10 (26%) 14 (35%) 24 (30%)
Plasma ctDNA Positive for BRAFV600E
Confirmed 19 (59%) 21 (62%) 40 (61%)
Unconfirmed 13 (41%) 13 (38%) 26 (39%)
ctDNA BRAFV60E mutant allele frequency >1%
Detected 15 (47%) 12 (35%) 27 (41%)
Not detected 17 (53%) 22 (65%) 39 (59%)

Previous systemic therapy

CPI* (1st line
metastatic) 13 (33%) 17 (42%) 30 (38%)

CPI (adjuvant) 4 (10%) 7 (18%) 11 (14%)
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INT (n=39) __ CONT (n=40) All (n=79)

CPI (unknown) 1 (3%) 1 (2%) 2 (3%)

Avastin (adjuvant) 1(3%) 0 (0%) 1 (1%)

LAll patients had tumour BRAF,6% mutation confirmed prior to study entry; only a proportion [ Formatted: Font: 10 pt, Font color: Auto
had a conflrmed spe0|f|the4+ssue BRAFVGDOE statu%eedeetavarlants conflrmed Hhe
h m m m Formatted: Font: 10 pt, Font color: Auto, Not

X CPI = anthD1 +/- ant|CTLA4 checkpomt |n|h|b|tor no patlents recelved ad]uvant BRAF .
targeted therapy

Table 1. Patient baseline characteristics

Efficacy

With a median follow-up of 19 months, 48 patients (25 INT, 23 CONT) had
progressed and 35 died (21 INT, 15 CONT). Median PFS was 8.5 months (95%
Cl 5.5-18) in the INT arm and 10.7 months (95% CI 5.8-not reached) in the
CONT arm, HR 1.39 (95% Cl 0.79-2.45, p = 0.255) (Figure 1A). Median OS
was 18 months (95% CI 10.8 to not reached) in the INT arm and not reached
in the CONT arm, HR 1.69 (95% CI1 0.87-3.28, p = 0.121) (Figure 1B).

Twenty-two patients (13 CONT and 9 INT) who had at least one dose of trial

treatment had brain metastases. In this study, prior treatment of brain

metastases was not a requirement, but presence/absence of brain metastases

was a stratification factor. As expected, patients with brain metastases had
poorer OS compared with those who did not (HR 2.1, 95% Cl 1.1-4.1). The
numbers of patients with brain metastases were small, but the impact of the

different treatment schedules was similar to what we observed in the whole

population. There was no evidence to suggest that intermittent dosing impacted

outcomes of patients with brain metastases differently compared with those

without brain metastases.

Seventy-two patients (37 INT, 35 CONT) were evaluable for response using
RECIST V1.1 criteria, assessed by local investigators. ORR was higher in the
CONT arm (77% versus 57%, p = 0.069). Complete and partial responses were
23% and 54% in the CONT arm and 16% and 41% in the INT arm. The median

time to treatment failure (time from starting treatment to discontinuation for any
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reason) was 7.9 months in the INT arm and 10.7 months in the CONT arm (HR
1.26, 95% CI1 0.82-2.32, p = 0.26).

= CONT == INT == CONT == INT

1.00

075

Survival probability
8

Survival probability
2

Q 3 L) 9 12 15 1| 21 24 27 30 3 3% ] 3 L] 9 12 % 18 2 24 77 | 313 36
Time sinca randamisation (Menths) Tima since randomisation (Months)

Number at risk Number at risk

CONT 40 36 29 23 18 1 7 5 1 1 1 10 CONT 4p 33 35 31 25 1% 14 10 6 2 1 1 @
INT 38 31 20 6 13 8B & 4 2 ©0 0 D 0 NT 38 35 20 26 18 13 13 8 4 1 1 0 @

Figure 1. Kaplan-Meier curves of (A) progression-free survival and (B) overall
survival for patients who have received at least one dose of treatment on the
intermittent (INT) or continuous (CONT) dosing schedule.

Quality of life

Seventy-two patients completed baseline EORTC QLQ-C30 questionnaires (34
INT, 38 CONT). The number of patients who completed questionnaires
decreased over time, as expected (Figure 2A). The mean QLQ-C30 global
health status was consistently higher for the CONT arm compared with the INT
arm throughout the study period. At month 6, the change in global health status
compared to baseline was +11.44 for CONT and -1.16 for INT (95% CI 0.73-
24.5, p = 0.038). The favourable QoL with CONT vs INT was also evident using
the EQ-5D-5L visual analogue scale (+7.29 for CONT and -4.75 for INT at 6
months) (Figure 2B).
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Global health status / QoL
Visual analogua

8 Manth 2 Mot Mo > Mont Warh 2 Nor
Months from randomisation Months frem randomisation
Number of patients Wumber of patients

NT 23 21 18 13 1" INT 25 19 17 12 10
CONT - 24 30 28 20 1" CONT 25 28 26 19 13

Figure 2. Least-squares mean change from baseline of EORTC QLQ-C30
global health status (A) and EQ-5D-5L visual analogue scale (B). Asterisk
indicates a statistical difference between the treatment arms of p<0.05.

Safety and toxicity

78 (38 INT and 40 CONT) patients were evaluated for safety. The proportion of
patients with any AE was slightly higher in the CONT arm (92% versus 87%),
but patients in the INT arm reported more grade = 3 AEs (53% versus 42%)
(Table 2). The CONT arm experienced more treatment-related AEs (TRAEsS)

(8875% versus 76-3%_any grade; 48% versus 37% grade >3), but more [Formatted:UnderIine

patients in the INT arm experienced SAEs (454-7% versus 387-5%). A detailed
breakdown of AEs is provided in Supplementary Table S1.

INT (n=38) __ CONT (n=40)

Any AE 33 (87%) 37 (92%)
AE grade =23 20 (53%) 17 (42%)
Treatment-related AE 29 (76%) 35 (88%)
Treatment-related AE grade = 3 14 (37%) 19 (48%)
AE attributed to dabrafenib 29 (76%) 35 (88%)
AE attributed to trametinib 26 (68%) 33 (82%)
AE related to underlying disease 18 (47%) 24 (60%)
Any SAE 17 (45%) 15 (38%)
Any Hospitalization 21 (55%) 19 (48%)

Table 2. Summary of adverse events (AEs) in patients who received at least
one dose of trial treatment

Fifty-nine (76%) patients (28 INT, 31 CONT) had a treatment interruption during
the first 6 cycles, AEs were the most common reason (23 INT, 27 CONT) for

12



dose interruption, patient compliance being the second most common reason
(10 INT, 13 CONT). The most common reason for stopping treatment early was
disease progression (15 INT, 13 CONT) and lack of clinical benefit (6 INT, 4
CONT). Seven patients stopped treatment due to unacceptable toxicity (5 INT,
2 CONT).

There was no significant difference in the number of patients who achieved at
least 80% of planned dose intensity for both dabrafenib (28 INT, 26 CONT, p=
0.41) and trametinib (32 INT, 30 CONT, p=0.31).

ctDNA analysis

Baseline, pre-treatment plasma samples were available for 66 patients to
undertake BRAF'600EctDNA analysis. Droplet digital PCR identified
BRAFV600EctDNA in 40/66 (61%) samples. The median mutant allele frequency
was 7.8 (range 0.02-67.3). Using mutant allele frequency >1% as the cut-off,
BRAFV600EGtDNA  was considered as detectable in 27 (41%) patients at
baseline. ctDNA detection correlated with higher disease burden, as
determined by plasma LDH level >ULN (p<0.001) (Table 3).

Baseline BRAFY60EctDNA detection did not predict for ORR, but there was an
apparent correlation with PFS, which was much more robust for OS (Figure 3).
Patients with detected BRAFY69%6ctDNA had a worse survival outcome with HR
ranging from 2.55 (95% CI 1.25-5.21, p-value=0.01) in an unadjusted model to
2.91 (95% CIl 1.25-6.75, p-value=0.013) in a model incrementally adjusted for
treatment arm, and stratification factors (Table 3). Worse outcomes were also
seen when stratifying for serum LDH levels above and below normal range
(Supplementary Figure S3 and Table S3). The data suggested that disease
burden (as determined by LDH level) was likely to be a stronger predictor of
survival outcomes rather than BRAF/MEKI dosing schedule.

There was no interaction between baseline BRAFY6%EctDNA detection status

and treatment arm for PES or OS. When inspecting the data summarized in

Figures 3B and 3D, it appears that patients with detectable ctDNA at baseline
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had lower PFS and OS probability regardless of their treatment arm. This was

confirmed in a re-analysis where the p-value for interaction between baseline
ctDNA detection status and treatment arm was 0.125 and 0.285 for PFS and
0OS.

Detected Not detected
(N=27) (N=39) P-value
ECOG PS
0 10 (37.0%) 20 (51.3%) 0.373
1-2 17 (63.0%) 19 (48.7%)
AJCC stage
4M1c 22 (81.5%) 22 (56.4%) 0.0631
Others 5 (18.5%) 17 (43.6%)
Brain metastases
No 20 (74.1%) 26 (66.7%) 0.71
Yes 7 (25.9%) 13 (33.3%)
LDH
< ULN 6 (22.2%) 30 (76.9%) <0.001
> ULN 21 (77.8%) 9 (23.1%)
ORR at Week 16 11 (57.9%%) 16 (53.3%"") 0.754
Relapse’
Unadjusted 1.91 (1.08, 3.54) reference 0.041
Model 1 1.82 (0.97, 3.40) reference 0.061
Model 2 2.01 (0.99, 4.09) reference 0.053
Death’
Unadjusted 2.55 (1.25, 5.21) reference 0.010
Model 1 2.43 (1.19, 4.98) reference 0.015
Model 2 2.91 (1.25, 6.75) reference 0.013

" assessed for 19 patients; ** assessed for 30 patients.

T HR for relapse and death were determined by Cox model, with not detected as reference.
Model 1 adjusted for treatment arm; Model 2 adjusted for Model 1 + ECOG PS, AJCC stage
and presence of brain metastases. LDH was not included due to the co-linearity with ctDNA.

Table 3. Correlation of baseline plasma BRAF69E ctDNA detection status
with patient characteristics and treatment outcome

14
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Figure 3. Progression-free survival according to baseline BRAF/6%0EctDNA

detection status (A) and treatment arm plus BRAFV600EctDNA detection status
(B); Overall survival according to baseline BRAFV609EctDNA detection status

(C) and treatment arm plus BRAFV60EctDNA detection status (D)

Longitudinal measurement of ctDNA mutant allele frequency identified steep
drops within the first cycle of treatment for patients with detectable ctDNA at
baseline irrespective of treatment arm (Figure 4A). Measurement of ctDNA
every 2 weeks for the first 8 weeks of treatment in both arms confirmed there
was no evidence of a rebound in ctDNA levels associated with intermittent
dosing (Supplementary Table S4). A change from detectable to undetectable
ctDNA did not influence treatment outcome (Supplementary Table S5).
Disease progression was associated with emergence of ctDNA detection in
only 3 patients with baseline detectable ctDNA and 1 patient with baseline
undectable ctDNA (Figure 4C). There was no clear pattern in ctDNA dynamic

changes with PFS or OS.
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Figure 4. BRAFV600EctDNA mutant allele frequency measured at different time
points for (A) patients who died within 1 year of starting treatment and (B)
patients who were alive beyond 1 year of starting treatment (red = detected;
blue = not detected). Swimmer plots (C) summarising changes of plasma
BRAFYS9EGtDNA detection status since starting treatment. Grey dashed line
indicates 1 year since randomisation. No ctDNA was detected for patient 1017
at baseline, but became detectable on disease progression.

Discussion

The UK INTERIM study did not meet its primary endpoint of PFS improvement
with intermittent dosing of dabrafenib+trametinib. All main study end-points
including PFS, OS, ORR and QoL favoured standard continuous dosing.
Although the frequency of adverse events was higher with continuous dosing,
the seriousness and grading of adverse events were worse with intermittent

dosing.
Two other studies evaluating different intermittent dosing schedules of

BRAF+MEKi have demonstrated similar inferior outcomes compared with
standard continuous dosing. The first USA SWOG study® was designed so that
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patients received 8 weeks continuous dosing with dabrafenib+trametinib and
only those patients who were progression-free were randomized to either
continuous or intermittent dosing of both drugs on a 3 weeks off, 5 weeks on
schedule. 206 patients were recruited between 2014 and 2019 and 206 went
on to be randomised. Post-randomisation PFS was greater with continuous
treatment (median PFS 9.0 vs 5.5 months, HR 1.36, p=0.06). Overall survival
of 29.2 months was identical in both arms. The second, smaller study (N=70)
conducted by the Spanish Melanoma Group'® evaluated a different
BRAF+MEKi combination, vemurafenib+cobimetinibo and again initiated
treatment with a continuous dosing run-in, this time lasting 12 weeks.
Thereafter, the intermittent schedule comprised vemurafenib 4 weeks on, 2
weeks off and cobimetinib 3 weeks on 3 weeks off. Median PFS was 16.2
months vs 6.9 months (p=0.079), favouring continuous dosing. No statistically

significant differences were observed in OS.

INTERIM is the first study to test intermittent dosing from the point of initiating
BRAF+MEKi. However, this strategy neither conferred advantage, nor
disadvantage compared with a continuous dose run-in, with PFS favouring
standard scheduling and no significant difference on OS. Furthermore, the

safety profile as measured by frequency of grade >3 treatment-related AEs was
remarkably consistent across all 3 trials: 48% CONT and 37% INT in the
INTERIM study; 43% CONT and 34% INT in the US study; 43% CONT and
40% INT in the Spanish study. The choice of the intermittent dosing schedule

tested in INTERIM took into account both pharmacokinetic and
pharmacodynamic considerations, as well as anticipated acceptability to
patients and physicians. Dabrafenib has a 5.2 hour half-life, but generates
several active metabolites which persist, while trametinib has a mean terminal
half-life of 5.3 days. Taken together, the preclinical data suggested that a
minimum of 1 week break from BRAF inhibitor and 2 weeks break from MEK
inhibitor would be required to relieve inhibition of the MAP kinase pathway.
Even so, consistent with previous investigators®'%, we have been unable to
replicate the beneficial effects of intermittent BRAFi dosing seen in mice, with

no clear biological explanation for this failure. The preclinical data was limited

to a single animal model, but supported by retrospective patient data and case
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reports. Whether additional preclinical modelling would have obviated the need

to _undertake multiple prospective clinical trials, which are both time and

resource consuming, is an unknown question.

Data interpretation from the INTERIM study might be considered to be

hampered somewhat because the intended sample size of 100 patients was
not reached. The anticipated recruitment rate was not met largely because of
the changing melanoma treatment landscape, and BRAF targeted therapy was
replaced by immune checkpoint inhibitors as first line therapy for metastatic
disease for most patients during the course of this trial'®. Recruitment to
treatment de-escalation trials is challenging, needing both investigators and
patients to be in equipoise'®. Our qualitative substudy exploring patient
experience of being offered and treated in the INTERIM trial' found that,
despite verbal and written information being given, some still struggled to
understand the goal of treatment per se, as well as the meaning of
randomisation. Challenges with recruitment led us to create a Youtube video
with the help of patient representatives aimed at helping potential participants
make a better informed decision more confidently
(https://www.youtube.com/watch?v=ulxyNH-8aGc). Even so, the decision to
close the study early was taken as the first wave of the COVID-19 pandemic
impacted clinical practice and ability to maintain clinical trial recruitment in the
UK. Despite limited sample size, there is no suggestion from analysing the
INTERIM patient cohort of 78 patients (excluding 1 patient with no trial
treatment given) that the outcomes would have been different should our larger

target recruitment have been met.

Our exploratory analysis of BRAF®ctDNA using ddPCR demonstrated that,
in those patients with detectable ctDNA at baseline, levels fell rapidly during the
first cycle of treatment and levels remained low during the first 8 weeks of
treatment in both arms, with no evidence of any rebound effect in the
intermittent arm while patients were off treatment. ctDNA monitoring during
treatment gave no other clues regarding any differences in biological behaviour
of the 2 arms and is likely to reflect the limitations of ddPCR as a predictive tool
for measuring ctDNA with clinical application, at least in the context of
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metastatic melanoma. Technologies utilising wider, patient-specific panels'* or
measuring DNA methylation' which are in development might be more
informative. Time-based intermittent dosing did not yield differences in ctDNA
dynamics in our small population. This leaves open the possibility that
biologically-driven intermittent dosing, for example according to changes in
ctDNA, might still have merit. The UK DYNAMIC clinical trial
(ISRCTN14643179) is using changes in detection of BRAF600ctDNA by
ddPCR measured intermittently during BRAF targeted treatment to direct
decisions whether to continue or interrupt dosing. This trial is likely to be the
ultimate test of whether intermittent dosing of BRAF-targeted therapy has any

clinical relevance.

In most cases, progression in our patient cohort was not associated with
reappearance of BRAFY6ctDNA. Secondary resistance is typically
characterised by emergence of other new mutations and/or gene
amplifications, which would require to be detected using broader sequencing
technologies'®. On the other hand, we have confirmed, as have others
previously'?, that detection of BRAFV6%ctDNA pre-treatment is a strong poor
prognostic indicator, being associated with shorter patient survival, irrespective
of treatment arm. Even so, the strong correlation with high disease burden as
measured by a readily available, simple and cheap LDH blood test, means
adoption of ctDNA as a routine test remains undefined, until such time as a
clinically meaningful application can be demonstrated.

Conclusion
In summary, 3 randomised ftrials testing different intermittent BRAF+MEKi
intermittent dosing schedules have now failed to show any patient benefit, so

continuous dosing regimens remain standard of care.
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Abstract

Background

BRAF+MEK inhibitors extend life expectancy of patients with BRAF V6% mutant
advanced melanoma. Acquired resistance limits duration of benefit, but
preclinical and case studies suggest intermittent dosing could overcome this
limitation. INTERIM was a phase 2 trial evaluating an intermittent dosing

regimen.

Methods
Patients with BRAFY690 mutant advanced melanoma due to start

dabrafenib+trametinib were randomised to receive either continuous (CONT),
or intermittent (INT; dabrafenib d1-21, trametinib d1-14 every 28 days) dosing.
A composite primary endpoint included progression-free survival (PFS) and
quality of life (QoL). Secondary endpoints included response rate (ORR),
overall survival (OS) and adverse events (AEs). Mutant BRAFY60E ctDNA was
measured by droplet digital PCR (ddPCR), using mutant allele frequency of
>1% as the detection threshold.

Results

79 patients (39 INT, 40 CONT) were recruited; median age 67 years, 65%
AJCC (7™ ed) stage IV M1c, 29% had brain metastases. With 19 months
median follow-up, INT was inferior in all efficacy measures: median PFS 8.5 vs
10.7mo (HR 1.39, 95%CIl 0.79-2.45, p=0.255); median OS 18.1mo vs not
reached (HR 1.69, 95%CI 0.87-3.28, p=0.121), ORR 57% vs 77%. INT
patients experienced fewer treatment-related AEs (76% vs 88%), but more
grade >3 AEs (53% vs 42%). QoL favoured CONT. Detection of BRAFV600E
ctDNA prior to treatment correlated with worse OS (HR 2.55, 95%CI 1.25-5.21,
p=0.01) in both arms. A change to undetected during treatment did not
significantly predict better OS.

Conclusion
INTERIM findings are consistent with other recent clinical trials reporting that
intermittent dosing does not improve efficacy of BRAF+MEK inhibitors.



Background

Just under 50% of all melanomas harbour a BRAFY6% gene mutation.
BRAF+MEK inhibitors have been shown to extend life of patients with BRAFV600
mutant advanced melanoma compared with standard of care in several
international registration clinical trials'3. Median life expectancy of treated
patients is now approaching 3 years. However, most patients progress despite

treatment due to acquired resistance.

Continuous daily dosing of oral kinase inhibitors may promote clonal expansion
of drug resistant cells and intermittent drug dosing was proposed as a strategy
to delay the onset of disease progression*®. In a mouse model, vemurafenib-
resistant tumour cells were shown to become drug-dependent®. Resistant cells
suffered a fitness deficit in the absence of drug and mice survived twice as long
(200 days compared with 100 days) on an intermittent dosing schedule of
vemurafenib (4 weeks on 2 weeks off) compared with continuous daily dosing.
Clinical case reports also suggested that interrupted dosing of BRAF inhibitors

can reverse resistance to the drugs’and improve tolerability?.

Three randomised phase 2 trials have been conducted to test whether pre-
planned intermittent dosing of oral BRAF targeted agents may provide a means
of sustaining patients on treatment for longer. The first 2 studies, one conducted
in the USA9, the other in Spain'®, have published their findings and both failed
to demonstrate a benefit with intermittent dosing. The UK INTERIM study is the
third study to test this concept.

Methods

Patients

Patients aged 2 18 years with AJCC (7" edition) stage Il unresectable or stage
IV BRAFV6% mutant advanced melanoma and Eastern Cooperative Oncology
Group performance status (ECOG PS) 0-2 due to start dabrafenib+trametinib
were eligible to take part in the INTERIM trial. Other key entry criteria were
measurable disease prior to randomisation, life expectancy > 12 weeks,



adequate bone marrow and liver function, and no prior BRAF or MEK inhibitors;
presence of brain metastases and prior immunotherapy were allowed. The
INTERIM trial protocol (ISRCTN18183156) was approved by Cambridge South
Research Ethics Committee (ref: 17/EE/0340) and was performed in
accordance with the Declaration of Helsinki and the European Clinical Trials
Directives 2001/20/EC. All patients provided written informed consent. Grant
funding was provided by the NIHR Research for Patient Benefit Programme.
The funder had no role in the study design, data collection, analysis,

interpretation, or writing of the report.

Treatment

Consenting patients were randomised 1:1 using the minimisation with random
element method to receive standard doses of dabrafenib (150mg bid) and
trametinib (2mg od) either continuously (CONT; dabrafenib+trametinib d1-28)
or intermittently (INT; dabrafenib d1-21 + trametinib d1-14 on a 28-day cycle).
Stratification factors were ECOG PS, AJCC stage (llIC/IVM1a/IVM1b/IVM1c),
presence or absence of brain metastases and baseline blood lactate
dehydrogenase (LDH) level (< upper limit of normal range (ULN); between
>ULN and < 2 x ULN; >2 x ULN). Patients were allowed to continue on
treatment beyond radiological disease progression if they were deriving clinical

benefit, or if progressive disease was resectable.

Study procedures

Patients were clinically assessed every 2 weeks during the initial 2 cycles, then
prior to the beginning of every cycle until inoperable disease progression, then
3-monthly for a minimum of 9 months follow-up from their randomisation date.
Adverse events (AEs) were recorded using NCI CTCAE version 4.03 for up to
30 days after the last dose of protocol treatment and resolution of all >grade 2
AEs. Quality of life (QoL) was assessed using the EORTC QLQ-C30 and
EQS5D-L questionnaires every 12 weeks before disease progression and every
3 months with a minimum of 9 months after progression since the date of
randomisation. Imaging was performed at baseline, 6 weeks after starting
treatment and then every 8 weeks until disease progression to assess the
objective response rate (ORR) using RECIST V1.1. Research blood samples



to measure plasma BRAFV6%0EctDNA were collected from all patients on cycle
1 d1 (prior to starting treatment) and 15, cycle 2 d1 and 15, cycle 3 d1 and then
at the start of alternate cycles until disease progression, as well as on disease

progression.

Plasma ctDNA assay

DNA was extracted from plasma using the Qiagen Qiasymphony SP
instrument, QlAsymphony DSP Circulating DNA kit and quantified using the
Qubit fluorometer 4.0 and the Qubit™ dsDNA HS kit. The Droplet Digital PCR
(ddPCR) BRAFY60E test was used to detect a sequence variant that was
present at a very low frequency in a pool of wild-type backgrounds with the
QX200™ Droplet Digital™ PCR System. Following PCR, each droplet was
analysed or read in a flow cytometer to determine the fraction of PCR-positive
droplets in the original sample. Data were then analysed using Poisson
statistics to determine the target DNA template concentration in the original

sample.

Study endpoints and statistical analysis

A composite primary endpoint of this feasibility study was designed to 1)
measure clinical efficacy by comparing progression-free survival (PFS) in the 2
arms; 2) evaluate patient QoL and 3) assess recruitment rate, as well as
treatment compliance with intermittent dosing. Secondary endpoints were
objective response rate (ORR), overall survival (OS) and toxicity. An
exploratory analysis of BRAFV600EctDNA was undertaken to explore its
prognostic and predictive utility, measured by ddPCR, using mutant allele
frequency of >1% as the detection threshold.

Patient experience of taking part in the trial was explored in a qualitative
substudy, which has been fully published elsewhere'.

For PFS, the intended sample size was 100 patients (50 patients in each arm),
to be recruited in 30 months with a minimum of 9 months follow-up to have a
total of 80 PFS events, from up to 20 UK sites. The sample size was compatible
with an anticipated hazard ratio (HR) for PFS of 0.75 in favour of the intermittent



arm, which would provide some evidence of the clinical efficacy of the
intermittent arm. More details on the sample size calculation are provided in the

supplementary materials.

Recruitment rate and compliance in the intermittent arm were of interest in case
of planning a future phase lll trial. The aim was to demonstrate recruitment of
2 patients per site per month when all sites were up and running, Compliance
was defined as the percentage of patients completing the allocated treatment

at 6 months from the date of randomisation and was compared in both arms.

Efficacy and safety analyses were based on the intention-to-treat (ITT) principle
and patients who had at least one dose of trial treatment. The log-rank test was
applied to compare PFS and OS between arms, and ORR was compared using
the Chi-squared test. The subscales of EORTC QLQ-C30 and EQ-5D-5L
questionnaires were derived according to standard-scoring manuals. Analyses
of changes from baseline over time and differences between the 2 arms for
subscales were carried out with repeated measures using ANCOVA, adjusting
for baseline level, time, treatment and interaction of time and treatment.
Kaplan—Meier plots were generated for PFS and OS. Odds ratios (ORs) were
estimated using logistic regression models and HRs with Cox regression

models.

Results

Patients and treatment delivery

From December 2017 to February 2020, 79 patients were recruited at 19 UK
sites at an average recruitment rate of 3 patients per month across all sites; 39
patients were randomised to the intermittent [INT] schedule arm and 40 to the
continuous [CONT] schedule arm (Consort diagram is provided in
Supplementary Figure S1). The study closed to recruitment prematurely in
March 2020 due to the onset of the COVID-19 pandemic and follow up was
stopped in September 2021 with a median follow up of 19 months

Patient demographics and baseline characteristics were well balanced (Table
1). Median patient age was 67 (range 34-85) years, 88% were ECOG PS 0-1,



65% were AJCC stage 4M1c, 29% had brain metastases and 46% had LDH >
ULN. One patient in the INT arm was found to be ineligible after randomisation
and did not receive any trial treatment. 24 (63%) patients in the INT arm and
31 (78%) patients in the CONT arm completed at least 6 cycles of treatment.
Four patients in the INT arm switched to continuous dosing during the study
period, no patients in the CONT arm switched to intermittent dosing regimen.

The median treatment duration was 8.5 (interquartile range [IQR] 14.8) months
in the INT arm and 11.3 (IQR 9.6) months in the CONT arm.

INT (n=39)  CONT (n=40) All (n=79)

Age (years)
Median (range) 69 (34-85) 62 (38-78) 67 (34-85)
Gender
Female 22 (56%) 21 (52%) 43 (54%)
Male 17 (44%) 19 (48%) 36 (46%)
ECOG performance status
0 19 (49%) 19 (48%) 38 (48%)
1 15 (38%) 17 (42%) 32 (40%)
2 5 (13%) 4 (10%) 9 (11%)
AJCC (7th ed) stage
lc 2 (5%) 1 (2%) 3 (4%)
IVM1a 5 (13%) 6 (15%) 11 (14%)
IVM1b 6 (15%) 8 (20%) 14 (18%)
IVM1c 26 (67%) 25 (62%) 51 (65%)
Presence of brain metastases
No 29 (74%) 27 (68%) 56 (71%)
Yes 10 (26%) 13 (32%) 23 (29%)
LDH relative to ULN
< ULN 21 (54%) 22 (55%) 43 (54%)
>ULN and <2 x ULN 13 (33%) 14 (35%) 27 (34%)
>2 x ULN 5 (13%) 4 (10%) 9 (11%)
Tissue BRAFV60CE status *
Confirmed 29 (74%) 26 (65%) 55 (70%)
Unconfirmed 10 (26%) 14 (35%) 24 (30%)
Plasma ctDNA Positive for BRAFV600E
Confirmed 19 (59%) 21 (62%) 40 (61%)
Unconfirmed 13 (41%) 13 (38%) 26 (39%)
ctDNA BRAFV600E mutant allele frequency >1%
Detected 15 (47%) 12 (35%) 27 (41%)
Not detected 17 (53%) 22 (65%) 39 (59%)
Previous systemic therapy
CPIT (1st line o o o
metastatic) 13 (33%) 17 (42%) 30 (38%)
CPI (adjuvant) 4 (10%) 7 (18%) 11 (14%)



INT (n=39) CONT (n=40) All (n=79)
CPI (unknown) 1 (3%) 1(2%) 2 (3%)
Avastin (adjuvant) 1 (3%) 0 (0%) 1 (1%)

" All patients had tumour BRAFY89 mutation confirmed prior to study entry; only a proportion

had a confirmed specific BRAFV89%E variant confirmed

T CPI = antiPD1+/-antiCTLA4 checkpoint inihibitor; no patients received adjuvant BRAF

targeted therapy

Table 1. Patient baseline characteristics

Efficacy

With a median follow-up of 19 months, 48 patients (25 INT, 23 CONT) had
progressed and 35 died (21 INT, 15 CONT). Median PFS was 8.5 months (95%
Cl 5.5-18) in the INT arm and 10.7 months (95% CI 5.8-not reached) in the
CONT arm, HR 1.39 (95% CI 0.79-2.45, p=0.255) (Figure 1A). Median OS
was 18 months (95% CI 10.8 to not reached) in the INT arm and not reached
in the CONT arm, HR 1.69 (95% CI 0.87-3.28, p = 0.121) (Figure 1B).

Twenty-two patients (13 CONT and 9 INT) who had at least one dose of trial
treatment had brain metastases. In this study, prior treatment of brain
metastases was not a requirement, but presence/absence of brain metastases
was a stratification factor. As expected, patients with brain metastases had
poorer OS compared with those who did not (HR 2.1, 95% CI 1.1-4.1). The
numbers of patients with brain metastases were small, but the impact of the
different treatment schedules was similar to what we observed in the whole
population. There was no evidence to suggest that intermittent dosing impacted
outcomes of patients with brain metastases differently compared with those

without brain metastases.

Seventy-two patients (37 INT, 35 CONT) were evaluable for response using
RECIST V1.1 criteria, assessed by local investigators. ORR was higher in the
CONT arm (77% versus 57%, p = 0.069). Complete and partial responses were
23% and 54% in the CONT arm and 16% and 41% in the INT arm. The median
time to treatment failure (time from starting treatment to discontinuation for any
reason) was 7.9 months in the INT arm and 10.7 months in the CONT arm (HR
1.26, 95% Cl 0.82-2.32, p = 0.26).
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Figure 1. Kaplan-Meier curves of (A) progression-free survival and (B) overall
survival for patients who have received at least one dose of treatment on the
intermittent (INT) or continuous (CONT) dosing schedule.

Quality of life

Seventy-two patients completed baseline EORTC QLQ-C30 questionnaires (34
INT, 38 CONT). The number of patients who completed questionnaires
decreased over time, as expected (Figure 2A). The mean QLQ-C30 global
health status was consistently higher for the CONT arm compared with the INT
arm throughout the study period. At month 6, the change in global health status
compared to baseline was +11.44 for CONT and -1.16 for INT (95% CI 0.73-
24.5, p = 0.038). The favourable QoL with CONT vs INT was also evident using
the EQ-5D-5L visual analogue scale (+7.29 for CONT and -4.75 for INT at 6
months) (Figure 2B).
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Figure 2. Least-squares mean change from baseline of EORTC QLQ-C30
global health status (A) and EQ-5D-5L visual analogue scale (B). Asterisk
indicates a statistical difference between the treatment arms of p<0.05.

Safety and toxicity

78 (38 INT and 40 CONT) patients were evaluated for safety. The proportion of
patients with any AE was slightly higher in the CONT arm (92% versus 87%),
but patients in the INT arm reported more grade = 3 AEs (53% versus 42%)
(Table 2). The CONT arm experienced more treatment-related AEs (TRAES)
(88% versus 76% any grade; 48% versus 37% grade >3), but more patients in
the INT arm experienced SAEs (45% versus 38%). A detailed breakdown of
AEs is provided in Supplementary Table S1.

INT (n=38)  CONT (n=40)

Any AE 33 (87%) 37 (92%)
AE grade = 3 0 (53%) 7 (42%)
Treatment-related AE 9 (76%) 5 (88%)
Treatment-related AE grade = 3 4 (37%) 9 (48%)
AE attributed to dabrafenib 9 (76%) 5 (88%)
AE attributed to trametinib 6 (68%) 3 (82%)
AE related to underlying disease (47%) 4 (60%)
Any SAE 7 (45%) 5 (38%)
Any Hospitalization 21 (55%) 19 (48%)

Table 2. Summary of adverse events (AEs) in patients who received at least
one dose of trial treatment

Fifty-nine (76%) patients (28 INT, 31 CONT) had a treatment interruption during
the first 6 cycles, AEs were the most common reason (23 INT, 27 CONT) for
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dose interruption, patient compliance being the second most common reason
(10 INT, 13 CONT). The most common reason for stopping treatment early was
disease progression (15 INT, 13 CONT) and lack of clinical benefit (6 INT, 4
CONT). Seven patients stopped treatment due to unacceptable toxicity (5 INT,
2 CONT).

There was no significant difference in the number of patients who achieved at
least 80% of planned dose intensity for both dabrafenib (28 INT, 26 CONT, p=
0.41) and trametinib (32 INT, 30 CONT, p=0.31).

ctDNA analysis

Baseline, pre-treatment plasma samples were available for 66 patients to
undertake BRAFV6%0ECtDNA analysis. Droplet digital PCR identified
BRAFV600ECtDNA in 40/66 (61%) samples. The median mutant allele frequency
was 7.8 (range 0.02-67.3). Using mutant allele frequency >1% as the cut-off,
BRAFV600ECtDNA  was considered as detectable in 27 (41%) patients at
baseline. ctDNA detection correlated with higher disease burden, as
determined by plasma LDH level >ULN (p<0.001) (Table 3).

Baseline BRAFV60EctDNA detection did not predict for ORR, but there was an
apparent correlation with PFS, which was much more robust for OS (Figure 3).
Patients with detected BRAFV600EctDNA had a worse survival outcome with HR
ranging from 2.55 (95% CI 1.25-5.21, p-value=0.01) in an unadjusted model to
2.91 (95% CI 1.25-6.75, p-value=0.013) in a model incrementally adjusted for
treatment arm, and stratification factors (Table 3). Worse outcomes were also
seen when stratifying for serum LDH levels above and below normal range
(Supplementary Figure S3 and Table S3). The data suggested that disease
burden (as determined by LDH level) was likely to be a stronger predictor of
survival outcomes rather than BRAF/MEKIi dosing schedule.

There was no interaction between baseline BRAFV600EctDNA detection status

and treatment arm for PFS or OS. When inspecting the data summarized in
Figures 3B and 3D, it appears that patients with detectable ctDNA at baseline
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had lower PFS and OS probability regardless of their treatment arm. This was
confirmed in a re-analysis where the p-value for interaction between baseline
ctDNA detection status and treatment arm was 0.125 and 0.285 for PFS and
OS.

Detected Not detected P-value
(N=27) (N=39)
ECOG PS
0 10 (37.0%) 20 (51.3%) 0.373
1-2 17 (63.0%) 19 (48.7%)
AJCC stage
4M1c 22 (81.5%) 22 (56.4%) 0.0631
Others 5 (18.5%) 17 (43.6%)
Brain metastases
No 20 (74.1%) 26 (66.7%) 0.71
Yes 7 (25.9%) 13 (33.3%)
LDH
< ULN 6 (22.2%) 30 (76.9%) <0.001
> ULN 21 (77.8%) 9 (28.1%)
ORR at Week 16 11 (57.9%") 16 (53.3%"*) 0.754
Relapse’
Unadjusted 1.91 (1.03, 3.54) reference 0.041
Model 1 1.82 (0.97, 3.40) reference 0.061
Model 2 2.01 (0.99, 4.09) reference 0.053
Death’
Unadjusted 2.55 (1.25, 5.21) reference 0.010
Model 1 2.43 (1.19, 4.98) reference 0.015
Model 2 2.91 (1.25, 6.75) reference 0.013

" assessed for 19 patients; ** assessed for 30 patients.

T HR for relapse and death were determined by Cox model, with not detected as reference.
Model 1 adjusted for treatment arm; Model 2 adjusted for Model 1 + ECOG PS, AJCC stage
and presence of brain metastases. LDH was not included due to the co-linearity with ctDNA.

Table 3. Correlation of baseline plasma BRAFV600E ctDNA detection status

with patient characteristics and treatment outcome
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Figure 3. Progression-free survival according to baseline BRAFV600EctDNA
detection status (A) and treatment arm plus BRAFY6%EctDNA detection status
(B); Overall survival according to baseline BRAFV69EctDNA detection status
(C) and treatment arm plus BRAFV6%°EctDNA detection status (D)

Longitudinal measurement of ctDNA mutant allele frequency identified steep
drops within the first cycle of treatment for patients with detectable ctDNA at
baseline irrespective of treatment arm (Figure 4A). Measurement of ctDNA
every 2 weeks for the first 8 weeks of treatment in both arms confirmed there
was no evidence of a rebound in ctDNA levels associated with intermittent
dosing (Supplementary Table S4). A change from detectable to undetectable
ctDNA did not influence treatment outcome (Supplementary Table S5).
Disease progression was associated with emergence of ctDNA detection in
only 3 patients with baseline detectable ctDNA and 1 patient with baseline
undectable ctDNA (Figure 4C). There was no clear pattern in ctDNA dynamic
changes with PFS or OS.
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Figure 4. BRAFV69EctDNA mutant allele frequency measured at different time
points for (A) patients who died within 1 year of starting treatment and (B)
patients who were alive beyond 1 year of starting treatment (red = detected;
blue = not detected). Swimmer plots (C) summarising changes of plasma
BRAFVS00ECtDNA detection status since starting treatment. Grey dashed line
indicates 1 year since randomisation. No ctDNA was detected for patient 1017
at baseline, but became detectable on disease progression.

Discussion

The UK INTERIM study did not meet its primary endpoint of PFS improvement
with intermittent dosing of dabrafenib+trametinib. All main study end-points
including PFS, OS, ORR and QoL favoured standard continuous dosing.
Although the frequency of adverse events was higher with continuous dosing,
the seriousness and grading of adverse events were worse with intermittent
dosing.

Two other studies evaluating different intermittent dosing schedules of

BRAF+MEKi have demonstrated similar inferior outcomes compared with
standard continuous dosing. The first USA SWOG study® was designed so that
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patients received 8 weeks continuous dosing with dabrafenib+trametinib and
only those patients who were progression-free were randomized to either
continuous or intermittent dosing of both drugs on a 3 weeks off, 5 weeks on
schedule. 206 patients were recruited between 2014 and 2019 and 206 went
on to be randomised. Post-randomisation PFS was greater with continuous
treatment (median PFS 9.0 vs 5.5 months, HR 1.36, p=0.06). Overall survival
of 29.2 months was identical in both arms. The second, smaller study (N=70)
conducted by the Spanish Melanoma Group'® evaluated a different
BRAF+MEKi combination, vemurafenib+cobimetinib and again initiated
treatment with a continuous dosing run-in, this time lasting 12 weeks.
Thereafter, the intermittent schedule comprised vemurafenib 4 weeks on, 2
weeks off and cobimetinib 3 weeks on 3 weeks off. Median PFS was 16.2
months vs 6.9 months (p=0.079), favouring continuous dosing. No statistically
significant differences were observed in OS.

INTERIM is the first study to test intermittent dosing from the point of initiating
BRAF+MEKi. However, this strategy neither conferred advantage, nor
disadvantage compared with a continuous dose run-in, with PFS favouring
standard scheduling and no significant difference on OS. Furthermore, the
safety profile as measured by frequency of grade >3 treatment-related AEs was
remarkably consistent across all 3 trials: 48% CONT and 37% INT in the
INTERIM study; 43% CONT and 34% INT in the US study; 43% CONT and
40% INT in the Spanish study. The choice of the intermittent dosing schedule
tested in INTERIM took into account both pharmacokinetic and
pharmacodynamic considerations, as well as anticipated acceptability to
patients and physicians. Dabrafenib has a 5.2 hour half-life, but generates
several active metabolites which persist, while trametinib has a mean terminal
half-life of 5.3 days. Taken together, the preclinical data suggested that a
minimum of 1 week break from BRAF inhibitor and 2 weeks break from MEK
inhibitor would be required to relieve inhibition of the MAP kinase pathway.
Even so, consistent with previous investigators®'0, we have been unable to
replicate the beneficial effects of intermittent BRAFi dosing seen in mice, with
no clear biological explanation for this failure. The preclinical data was limited
to a single animal model, but supported by retrospective patient data and case
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reports. Whether additional preclinical modelling would have obviated the need
to undertake multiple prospective clinical trials, which are both time and

resource consuming, is an unknown question.

Data interpretation from the INTERIM study might be considered to be
hampered somewhat because the intended sample size of 100 patients was
not reached. The anticipated recruitment rate was not met largely because of
the changing melanoma treatment landscape, and BRAF targeted therapy was
replaced by immune checkpoint inhibitors as first line therapy for metastatic
disease for most patients during the course of this trial'2. Recruitment to
treatment de-escalation trials is challenging, needing both investigators and
patients to be in equipoise’. Our qualitative substudy exploring patient
experience of being offered and treated in the INTERIM trial'" found that,
despite verbal and written information being given, some still struggled to
understand the goal of treatment per se, as well as the meaning of
randomisation. Challenges with recruitment led us to create a Youtube video
with the help of patient representatives aimed at helping potential participants
make a better informed decision more confidently
(https://www.youtube.com/watch?v=ulxyNH-8aGc). Even so, the decision to
close the study early was taken as the first wave of the COVID-19 pandemic
impacted clinical practice and ability to maintain clinical trial recruitment in the
UK. Despite limited sample size, there is no suggestion from analysing the
INTERIM patient cohort of 78 patients (excluding 1 patient with no trial
treatment given) that the outcomes would have been different should our larger

target recruitment have been met.

Our exploratory analysis of BRAF6%¢ctDNA using ddPCR demonstrated that,
in those patients with detectable ctDNA at baseline, levels fell rapidly during the
first cycle of treatment and levels remained low during the first 8 weeks of
treatment in both arms, with no evidence of any rebound effect in the
intermittent arm while patients were off treatment. ctDNA monitoring during
treatment gave no other clues regarding any differences in biological behaviour
of the 2 arms and is likely to reflect the limitations of ddPCR as a predictive tool
for measuring ctDNA with clinical application, at least in the context of

17



metastatic melanoma. Technologies utilising wider, patient-specific panels'# or
measuring DNA methylation™ which are in development might be more
informative. Time-based intermittent dosing did not yield differences in ctDNA
dynamics in our small population. This leaves open the possibility that
biologically-driven intermittent dosing, for example according to changes in
ctDNA, might still have merit. The UK DYNAMIC clinical trial
(ISRCTN14643179) is using changes in detection of BRAF'6%0ctDNA by
ddPCR measured intermittently during BRAF targeted treatment to direct
decisions whether to continue or interrupt dosing. This trial is likely to be the
ultimate test of whether intermittent dosing of BRAF-targeted therapy has any

clinical relevance.

In most cases, progression in our patient cohort was not associated with
reappearance of BRAFV60ctDNA. Secondary resistance is typically
characterised by emergence of other new mutations and/or gene
amplifications, which would require to be detected using broader sequencing
technologies®. On the other hand, we have confirmed, as have others
previously'’, that detection of BRAFV6%0ctDNA pre-treatment is a strong poor
prognostic indicator, being associated with shorter patient survival, irrespective
of treatment arm. Even so, the strong correlation with high disease burden as
measured by a readily available, simple and cheap LDH blood test, means
adoption of ctDNA as a routine test remains undefined, until such time as a
clinically meaningful application can be demonstrated.

Conclusion
In summary, 3 randomised trials testing different intermittent BRAF+MEKi
intermittent dosing schedules have now failed to show any patient benefit, so

continuous dosing regimens remain standard of care.
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