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Is continuous targeted therapy desirable?

If we are going to stop targeted therapy how should the 
duration of therapy be defined?

• Fixed duration of therapy for all patients
Or
• Therapy tailored to response in individual patients

Not ideal for all patients – tolerability, resistance and cost
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Minimal residual disease eradication predictive in both 

previously untreated and treated patients

Kwok et al., Blood, 2016 Dec 15;128(24):2770-2773.



Applying mathematical modelling to the treatment of CLL
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ADMIRE/ARCTIC Trial (FCR-Based Treatment): 

Sequential Benefit in PFS per Log Reduction in MRD 

Rawstron AC, et al. XVI iwCLL Annual Meeting 2015.FCR, fludarabine, cyclophosphamide, rituximab.

33% (95% CI = 27–38) risk reduction for disease progression per log reduction in MRD level

Progression-free Survival
by bone marrow MRD level at 3 months post treatment
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Royal Armouries Museum in 

Leeds 

Royal Armouries Museum in Leeds
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Assumed regrowth rates of resistant disease
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Kinetics of Relapse: Exponential Growth from the Lowest Detectable 

MRD Level

2
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Serial MRD measurements in a cohort of 32 MRD+ patients in clinical remission with no absolute 
lymphocytosis after treatment [predominantly FCR] at Leeds 

Total 68 patients monitored, 31 persistent MRD <0.01%, 5 insufficient MRD+ timepoints. 
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Kinetics of Relapse: Exponential Growth from the Lowest Detectable 

MRD Level
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Serial MRD measurements in a cohort of 32 MRD+ patients in clinical remission with no absolute 
lymphocytosis after treatment [predominantly FCR] at Leeds 

Total 68 patients monitored, 31 persistent MRD <0.01%, 5 insufficient MRD+ timepoints. 
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Assuming Exponential Growth at the MRD Level à Linear Increase 

in PFS per Log Tumour Depletion

CR, complete remission; PR, partial remission.
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Regulatory approval of MRD in CLL
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Executive summary 18 

Minimal residual disease (MRD) negativity in patients in clinical complete remission (= MRD response 19 
rate) after induction therapy may be used as an intermediate endpoint for licensure in randomised well 20 
controlled studies designed to show superiority in terms of PFS. This requires that the benefit/risk of 21 
the experimental regimen is well characterised in CLL and that these data would support the 22 
superiority of the regimen over established regimens used as induction therapy in CLL. 23 

1.  Introduction (background) 24 

Chronic lymphocytic leukaemia (CLL) is the most common leukaemia in the Western world with an 25 
incidence of 4.2/100000/year that increases to >30/100000/year at an age >80 years.  26 

Treatment is recommended only for those patients with active, symptomatic disease. With the 27 
introduction of new immune-chemotherapeutic combinations over the last decade the efficacy of 28 
treating patients with CLL has greatly improved and median PFS now ranges from 3.5 to 6.7 years 29 
after first line therapy whilst median OS for patients with advanced stages (Binet C or Rai IV) is 30 
approximately 6.5 years. Allogeneic stem cell transplant remains the only curative therapy and it is 31 
recommended for patients with very high risk and/or refractory disease. 32 

Because patients achieving clinical complete remission (CR) according to international guidelines will 33 
eventually relapse, minimal residual disease (MRD) undetectable at clinical and morphological level 34 
must have been present. Therefore, the quality of CR should be also assessed for the absence of MRD. 35 
The vast improvement in MRD detection over the last two decades has now led to the concept that low 36 
MRD levels are a desirable and achievable goal of CLL therapy.  37 

The scope of this document is to describe the basis and regulatory requirements for the use of MRD as 38 
an intermediate endpoint to predict clinical benefit in trials in CLL. At present, this guidance is not 39 
applicable to other clinical settings. 40 

2.  Scope 41 

MRD  42 

Definition & threshold 43 

MRD is an objective measure of disease status defined by the number of leukaemic cells remaining in 44 
peripheral blood or bone marrow following treatment. According to current international definitions 45 
MRD negativity equals a quantitative detection of less than 1 CLL cell in 10000 leukocytes (MRD level 46 
< 10 -4).  47 

There is no data currently available to support a MRD level below the 10 -4 threshold would provide 48 
added clinical benefit. 49 

Laboratory assays 50 

Although MRD evaluation is still not widely standardized there are currently two analytical methods 51 
capable of assessing MRD status at the required threshold. There is no specific recommendation on the 52 
method to be used as both are considered appropriate. 53 

A quality management system that includes the laboratory(s) organisational structure, responsibilities, 54 
policies and standards needed to ensure accuracy and satisfactory quality of the MRD evaluation assay 55 
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FDA Updates Venetoclax CLL Label
With MRD Data

The FDA has added minimal residual
disease (MRD) data from the phase
III MURANO trial to the label for
venetoclax (Venclexta) for its
approved use in combination with
rituximab (Rituxan) for previously-
treated patients with chronic
lymphocytic leukemia (CLL).

AbbVie, which is co-developing
venetoclax with Roche, noted in a
press release that, “MRD-negativity
occurs when less than 1 CLL cell per
10,000 lymphocytes can be detected

in the blood or bone marrow.” In MURANO, the MRD-negativity
rate was 53% (103/194) following 9 months of treatment with
venetoclax plus rituximab compared with 12% (23/195) in the
bendamustine plus rituximab (BR) arm.  Among patients in the 2
arms who achieved a complete response (CR) or CR with
incomplete marrow recovery, the MRD-negativity rates were 3%
(6/194) versus 2% (3/195), respectively.

"CLL is a chronic, life-altering cancer marked by periods of
remission and relapse, making it an emotional rollercoaster for
patients. Many patients who enter remission worry that the
disease will relapse," said John Seymour, MBBS, PhD, lead
investigator of the MURANO study and director of Clinical
Haematology at the Peter MacCallum Cancer Centre & Royal
Melbourne Hospital in Australia, said in a statement.

"The rates of MRD-negativity seen with Venclexta plus rituximab
are very encouraging. A goal in treating patients with CLL is to
help them achieve the longest remission possible. MRD-
negativity provides us with yet another potential tool for
evaluating the effectiveness of new therapies," added Seymour.

In April 2016, the FDA granted an accelerated approval to
venetoclax for patients with CLL or small lymphocytic lymphoma
(SLL) harboring a 17p deletion (del[17p]), following at least 1
prior therapy. The FDA converted this to a standard approval in
June 2018 for the treatment of patients with CLL/SLL, with or
without del(17p), following at least 1 prior therapy. The FDA
simultaneously approved the BCL-2 inhibitor for use in
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MURANO trial establishes feasibility of 
time-limited venetoclax-rituximab 

combination therapy in relapsed/refractory 
chronic lymphocytic leukemia

John F Seymour,1 Thomas J Kipps,2 Barbara Eichhorst,3 Peter Hillmen,4 James 

D’Rozario,5 Sarit Assouline,6 Carolyn Owen,7 Tadeusz Robak,8 Javier de la Serna,9 Ulrich 

Jaeger,10 Guillaume Cartron,11 Marco Montillo,12 Nicole Lamanna,13 Maria Verdugo,14

Elizabeth A Punnoose,15 Yanwen Jiang,15 Jue Wang,15 Michelle Boyer,16 Kathryn 

Humphrey,16 Mehrdad Mobasher,15 Arnon P Kater17
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C1D1

Seymour JF, et al. N Engl J Med 2018;378:1107–20.

MURANO study: Venetoclax+rituximab in relapsed CLL

Ven 400 mg orally once daily to PD, 
cessation for toxicity, or max 2 yrs from C1D1

C1D1

R/R CLL 
(N=389)

Stratified by:
• Del(17p) by local labs

• Responsiveness to prior 

therapy

• Geographic region 

Rituximab 
375 mg/m2 D1C1;

500 mg/m2 D1C2–6
R

1:1

Ven
5-week 

ramp-up

BM, bone marrow; C, cycle; D, day; PB, peripheral blood; R, randomized.

• Primary endpoint: investigator-assessed PFS; secondary endpoints include rate of undetectable MRD 

(uMRD)

• Clinical response and MRD in PB/BM during Ven single-agent and at follow-up visits were assessed 

every 3 mo for 3 yrs, then every 6 mo thereafter or until PD

• Primary analysis was pre-planned at 140 PFS events; this follow-up analysis was conducted 1 yr later

Bendamustine 
70 mg/m2 D1,2 C1–6

+

Rituximab



No. of pts at risk
VenR 194 190 185 179 176 174 170 167 161 150 135 99 61 21 6 2 1

BR 195 178 164 142 128 103 84 79 65 55 41 26 10 2
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VenR: median PFS NR

BR: median PFS 17.0 months

EOCT EOT

Data cut-off date: May 8, 2018

HR 0.16 (95% CI 0.12–0.23)

Treatment Pts with 
events, n (%)

3-yr PFS, % 
(95% CI)

VenR

(n=194)
55 (28.4)

71.4 

(64.8–78.1)

BR 

(n=195)
144 (73.8)

15.2 

(9.1–21.4)

• Median follow-up 36.0 mo (range 0.0–48.6); VenR 36.1 mo, BR 35.9 mo

“Protracted” treatment free interval & prolonged survival: 
Venetoclax (2 years) + rituximab in relapsed CLL (MURANO Trial)

Seymour J et al, ASH, 2018



MRD status over time in VenR arm: high uMRD rate 
is sustained 

Data cut-off May 8, 2018; median follow-up: 36.0 months. Missing values also include pts who have not yet reached the time point

• Few low-MRD+ pts progressed

• Pts who did progress had mainly converted to high-MRD+ first

PD/death

Missing/undetermined

High-MRD+ (³10–2)
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After cessation of Ven monotherapy at EOT most patients 
did not progress

MRD status at EOT (Month 24; n=130):

Missing

High-MRD+ (³10–2)

Low-MRD+ (10–4 to <10–2)

uMRD (<10–4)

83

10

1423

Data cut-off date: May 8, 2018



GCLLSG CLL14 Trial: 

Venetoclax+obinutuzumab vs Chlorambucil+obinutuzumab

PFS by VH mutation status

Fischer  et al., N Engl J Med 2019;380:2225-32.

12 month fixed duration of therapy in both arms



GCLLSG CLL14 Trial: 

Venetoclax+obinutuzumab vs Chlorambucil+obinutuzumab

Venetoclax + 
obinutuzumab

(N=216)

Chlorambucil + 
obinutuzumab

(N=216)
Negative 123 (56.9%) 37 (17.1%)

Non-negative including 93 (43.1%) 179 (82.9%)

Positive 25 (11.6%) 109 (50.5%)

Non-response 18 (8.3%) 21 (9.7%)

Progression, relapse, death 5 (2.3%) 13 (6%)

Withdrawal from trial 5 (2.3%) 3 (1.4%)

Non-evaluable sample 8 (3.7%) 3 (1.4%)

Missing sample 32 (14.8%) 30 (13.9%)

Minimal residual disease status by ASO-PCR in marrow

Fischer  et al., N Engl J Med 2019;380:2225-32.

12 month fixed duration of therapy in both arms



Ibrutinib Plus Venetoclax in Relapsed, Refractory CLL: 
Results of the Bloodwise TAP CLARITY Study

Peter Hillmen, Andy Rawstron, Kristian Brock, Samuel Muñoz-Vicente, Francesca 
Yates, Rebecca Bishop, Donald MacDonald, Christopher Fegan, Alison McCaig, 
Anna Schuh, Andrew Pettitt, John G. Gribben, Piers Patten, Stephen Devereux, 

Adrian Bloor, Christopher P. Fox, Francesco Forconi, Talha Munir

Abstract: 182
Saturday, December 1, 2018: 2:15 PM



Treatment Schedule and 

Stopping Rules

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Venetoclax (400mg/day)

Ibrutinib (420mg/day)

Bone 

marrow
1o end-point2o 2o

Months

CT-scan

Stopping rules: Duration of therapy is double time to MRD4 negative

1) MRD negative (<0.01%) at M8 stop I+V at M14

2) MRD negative (<0.01%) at M14 or M26 stop I+V at M26

3) MRD positive (≥0.01%) at M26 continue ibrutinib monotherapy

Hillmen et al. ASH 2018; Abst 182



IWCLL Responses in rel/refr CLL

Month 14 (12 months I+V)

1 Percentages calculated over the total number of patients who had FCR/BR and relapsed <36 months 

and have been assessed for response 
2 Percentages calculated over the total number of patients who had Idelalisib before joining the study and 

have been assessed for response

Date of data lock: 05 November 2018

No. CR CRi PR ORR

All patients* 49 22 (44%) 5 (10%) 20 (40%) 47 (94%)

FCR/BR relapsed <36 months1 20 8 (40%) 2 (10%) 9 (45%) 19 (95%)

Prior idelalisib2 9 3 (33%) 1 (11%) 4 (44%) 8 (89%)

Hillmen et al. ASH 2018; Abst 182



MRD level by time-point 

(up to Month 26)

*PB & BM MRD negative pts 

at Month 8 & 14 stop I+V
All 16/17 reaching M26 

remain MRD negative to date
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Ibrutinib
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MRD4+ patients continue 
ibrutinib after Month 26
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Munir et al. IWCLL 2019



Responses Improve with Ongoing Ibrutinib + 

Venetoclax Therapy in previously untreated CLL

Jain  et al., N Engl J Med 2019;380:2095-103.



IWCLL
Assess

R BMAT

Front-line trial for patients fit for FCR:
NCRI     FLAIR   (CLL10) Trial

Front Line therapy in CLL: Assessment of Ibrutinib plus Rituximab

-

6 monthly pb MRD until positive x3

6 monthly pb MRD until negative & stop

Max. 6 years



Assumed distribution of resistant disease at the 

start of treatment for the whole patient population
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The evolutionary landscape of chronic lymphocytic 
leukemia treated with ibrutinib targeted therapy 

reduced cell activation on ibrutinib. We observed a substantial
overlap with expression changes seen in anergic B cells, as well as
downregulation of genes expressed in proliferating cells, and of
genes required for glucose and amino acid metabolism. This
analysis is consistent with previously shown extinction of the
proliferation marker Ki67 in CLL cells from patients on
ibrutinib26, and a marked reduction in cell size by flow cytometry
(Supplementary Fig. 4d, e). Finally, we found a marked reduction
in genes modulated by HIF1α, a regulator of chemokine and
adhesion molecules that facilitate interactions between tumor
cells and the microenvironment26.

Overall, the transcriptomic changes on ibrutinib reflect B cells
in a quiescent-like state, with substantially reduced signaling,
proliferation and activation. While many of these changes are
BCR-dependent, these results suggest broader effects than
inhibition of BCR signaling alone. In contrast, none of the 48
gene sets were significantly enriched with genes upregulated on
ibrutinib, suggesting that there is a lack of strong compensatory
pathway or cellular process activation by ibrutinib.

Relapsed disease and clonal evolution. We have recently char-
acterized with targeted sequencing BTK and PLCG2 mutations in
relapsed CLL after ibrutinib therapy17. We have demonstrated
that these mutations may arise before the clinical appearance of
relapsed disease, often with multiple clones bearing resistance
variants. In the presently studied cohort, 17 of 61 patients
exhibited progressive disease, 14 with relapsed CLL and 3
exhibited either transformation to aggressive lymphoma (Richter
transformation: A34, A42) or to prolymphocytic leukemia (A03,
Fig. 5a; Supplementary Table 2, we note that targeted sequencing
was reported for 7/17 cases in Ahn et al.17). For 10 of 17 relapses,
mutations in BTK and PLCG2 were tested by targeted sequencing
of known hotspots (exon 15 of BTK; exons 19, 20, and 24 of
PLCG2), and detected in 6 of 10 cases (Fig. 5b, Supplementary
Table 3). Based on sample availability, we undertook WES to
identify putative drivers of ibrutinib resistance in four relapse
cases without detectable BTK/PLCG2 mutations by targeted
sequencing (from Cohort A) or that did not undergo targeted
sequencing (from Cohort B, Fig. 5c, Fig. 6).
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Fig. 5 PLCG2 mutations in ibrutinib resistant CLL. a The relapse characteristics are provided for the entire cohort. Patients without progressive disease
(PD), are shown in gray with the time from treatment initiation to the last follow-up. For patients with PD, in addition to the time-to-progression, we
provide the resistant genotype information. b Map of the PLCG2 gene with mutations identified in cases of ibrutinib resistance14,16,17,29. Red circles denote
the number of patients with indicated mutations identified in the current study. Gray bars denote the regions covered by targeted sequencing. Domains PH
Pleckstrin homology, X-box phosphatidylinositol-specific phospholipase C X domain, SH2 1 C-terminal Src homology 2, SH2 2 N-terminal Src homology 2,
SH3 Src homology 3, Y-box phosphatidylinositol-specific phospholipase C Y domain, C2 calcium-binding motif. c Detailed information is presented for the
two cases in which WES revealed additional PLCG2 mutations. Top panel shows the absolute lymphocyte count (ALC) over the patient’s clinical course, as
well as changes in CCF of subclones as depicted in the inferred phylogenetic tree. Bottom panel shows the inferred growth kinetics of the different
subclones, including measurements with corresponding 95% CI, as well as the exponential growth curves with 95% CI as shaded area. The calculated
growth or decline rates from the exponential growth curves as well as the corresponding R2 fit with exponential growth dynamics is listed in the table in the
bottom panel. *We note that clones with R2= 1.0 merely reflects that only two data points were available for fitting
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Abiraterone treats metastatic castrate-resistant prostate cancer by inhibiting CYP17A, an

enzyme for testosterone auto-production. With standard dosing, evolution of resistance with

treatment failure (radiographic progression) occurs at a median of ~16.5 months. We

hypothesize time to progression (TTP) could be increased by integrating evolutionary

dynamics into therapy. We developed an evolutionary game theory model using

Lotka–Volterra equations with three competing cancer “species”: androgen dependent,

androgen producing, and androgen independent. Simulations with standard abiraterone

dosing demonstrate strong selection for androgen-independent cells and rapid treatment

failure. Adaptive therapy, using patient-specific tumor dynamics to inform on/off treatment

cycles, suppresses proliferation of androgen-independent cells and lowers cumulative drug

dose. In a pilot clinical trial, 10 of 11 patients maintained stable oscillations of tumor burdens;

median TTP is at least 27 months with reduced cumulative drug use of 47% of standard

dosing. The outcomes show significant improvement over published studies and a con-

temporaneous population.
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Evolution of resistance is a common cause of cancer treat-
ment failure and tumor progression but explicit incor-
poration of intratumoral Darwinian dynamics in

therapeutic trials is rare1. In fact, the conventional treatment
strategy, which administers cytotoxic drugs at maximum toler-
ated dose (MTD) until progression, can be evolutionarily unwise
because it strongly selects for resistant phenotypes and eliminates
potential competitors. These Darwinian dynamics—termed
“competitive release”2—can lead to rapid proliferation of resistant
populations.

A number of recently developed treatment strategies have
applied evolutionary principles to prolong tumor control by
inhibiting the emergence of treatment-resistant populations3–6.
These strategies7 typically exploit the evolutionary costs of
synthesis, maintenance, and operation of the molecular machin-
ery needed to survive treatment. The benefits of resistance exceed
costs during therapy. However, in the absence of treatment,
particularly in the resource-limited tumor microenvironment,
this cost renders resistant cells less fit than sensitive phenotypes8.
Thus, appropriately timed withdrawal of treatment can allow
residual populations of sensitive cells to exploit their fitness
advantage at the expense of the less-fit resistant phenotypes.
While discontinuation of treatment allows tumor regrowth, the
resistant subpopulation remains small so that retreatment with
the same drug(s) remains effective (Fig. 1).

Evolution-based treatment strategies have successfully con-
trolled breast and ovarian cancers, often indefinitely, in pre-
clinical experiments2, 3, 9. However, translation to a clinical set-
ting has remained elusive.

Conceptually, therapy and the evolution of resistance represent
an evolutionary game between the cancer and oncologist (not
unlike a predator-prey game) and between the different cancer
cell types10, 11. As a game, the cancer cells are the players, their
heritable phenotypes their strategies, and payoffs take the form of
proliferation and survival. A cancer cell’s survival and prolifera-
tion can be influenced by its own phenotype, the phenotypes of
others and the overall abundances of the different cancer cell
types12, 13. Mathematical models provide valuable tools for for-
mulating hypotheses and for evaluating different scenarios per-
taining to the interactions between cancer cell types and
therapy14–16.

Here, we focus on the treatment of metastatic prostate cancer
(mPC). First-line treatment of mPC uses androgen deprivation
therapy (ADT), but nearly all men progress to a metastatic
castrate-resistant prostate cancer (mCRPC) stage. A common
mechanism of resistance to ADT is increased expression of
CYP17A117, 18, a key enzyme for androgen synthesis19, 20. This
generates an autocrine loop that replenishes intratumoral tes-
tosterone concentrations. Abiraterone acetate, a CYP17A1 inhi-
bitor, reduces PSA, and improves overall survival. In subjects who
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Fig. 1 Illustration of the designed evolutionary dynamics in adaptive therapy. a,b The purple cells are sensitive to the treatment and the green cells are
resistant. The graphs represent the simulated density of each population over time during treatment. The top row represents standard therapy in which
the maximum tolerated dose is given continuously after initiation. The cells sensitive to treatment are eliminated quickly. This intensely selects for cells
that are resistant to the treatment, in this case T− cells, and eliminates the competition effects of the T+ population, resulting in competitive release with
rapid treatment failure and tumor progression. The bottom row represents an evolution-based strategy in which therapy is halted before all of the
sensitive cells are eliminated. In the absence of therapy, the sensitive cells out-compete the resistant cells due to their fitness advantage. This “steers” the
tumor back to the pretreatment so that it remains sensitive to treatment. The resistant cells, or T− population, will increase slightly with each cycle so that
this treatment eventually fails. However, mathematical models demonstrate control may be durably maintained for up to 20 cycles - significantly longer
than continuous therapy.
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Continuous therapy at maximal 
tolerated dose (MTD) 

- Sensitive cells are rapidly 
eliminated and the resistant cells 
have a selective advantage 
leading to treatment failure

Evolution-based (intermittent 
treatment) strategy à treatment 
is halted before sensitive cells 
are eliminated

- Resistant cells have a 
disadvantage when ”off-therapy” 
so the tumour remains sensitive

Evolution of resistance to therapy à intra-tumoral Darwinian dynamics



STATIC: Stopping Therapy to Avoid Treatment-
resistance In CLL

Population: Patients with B-CLL that have responded well to ibrutinib or other BTK inhibitor
regimes for >2 years. Setting: 100 UK centres

Key inclusion/ exclusion criteria: B-CLL; in clinical remission – no palpable lymph nodes (<2cm),
no palpable spleen (<14cm),  WHO PS 0-2; lymphocyte count below 5x109/L for last 12 months.

No treatment break for toxicity/patient choice for more than 28 days in last 12 months.

A Randomised Phase III Trial Comparing Intermittent with
continuous Treatment Strategies in CLL

Trial set-up
(12 months)
Trial set-up
(12 months)

Recruitment
(72 months)
Recruitment
(72 months)

Follow-up
(36 months)
Follow-up

(36 months)

Primary endpoint analysis & write-up  (months 121-123)Primary endpoint analysis & write-up  (months 121-123)

PATIENT INDENTIFICATION at routine haematology clinic

WRITTEN INFORMED CONSENT

BASELINE
Demographics, standard investigations, quality of life (QoL) and health economics questionnaires

(QLQ-C30, QLQ-CLL16,  EQ-5D-5L)

RANDOMISATION (1:1). N = 800RANDOMISATION (1:1). N = 800
Stratification factors: no of prior therapies, time on current therapy, MRD, VH status, BTK inhibitor

Continuous treatment until
disease progression

N = 400

Intermittent treatment strategy until treatment
strategy failure

N = 400

Assessments until disease progression/  treatment strategy failure
3 monthly assessments: assessment for restarting/stopping treatment, standard investigations,
QoL & health economics questionnaires, (data collected 6 monthly unless start/stop treatment)

Intermittent treatment strategy discontinued at end of follow-up period. Participants treated as
per standard care with the option of restarting treatment.

Stop treatment

Restart treatment

Treatment re-start
criteria reached

Treatment stopping
criteria reached

Primary outcome:
• Time to treatment failure
Secondary outcomes:
• Overall survival;
• Toxicities and tolerability
• Cost effectiveness
• Quality of Life
• Length of time off

treatment in intermittent
arm

• Response to retreatment
in intermittent arm

• Time to next treatment for
CLL

• Response to next
treatment for CLL

FEASIBILITY MILESTONE
• Recruitment feasibility milestone months 6-18

Interim
analysis &
write-up
(months
73-75)

Long-term follow-up (month 195) Survival data to be collected from routine data

Recruitment
feasibility
(months

6-18)

HTA (NIHR) funded
Awaiting Janssen 
agreement

Set-up to start Sept 2019

Will open Sept 2020

FLAIR patients eligible but 
including relapsed patients

Primary end-point = 
treatment strategy failure



STATIC: Stopping Therapy to Avoid Treatment-
resistance In CLL

Patient eligibility
Previously untreated patients on ibrutinib in FLAIR (n=360)
From IR, I or I+V arms; Will have been on ibrutinib for 6 years; 
MRD positive (can be MRD negative)

Previously treated or 17p deleted front-line (n=440)
On ibrutinib (or alternative Btk inhibitor) for at least 2 years (no maximum) 
Normal lymphocyte count for at least 12 months;
MRD positive (can be MRD negative)

Key exclusion criteria
· Treatment break for toxicity/patient choice for >28 days in last 12 months



STATIC: Stopping Therapy to Avoid Treatment-
resistance In CLL

Treatment strategies:
Continuous treatment
Ibrutinib (oral) 420mg per day (or other BTK inhibitor at licenced dose) until 
disease progression (strategy failure) as per iwCLL criteria, death or withdrawal.

Intermittent treatment strategy
Initial stopping criteria (defined within the eligibility criteria; all to be met and 
maintained continuously for preceding 12 months): no palpable lymph nodes 
(<2cm), no palpable spleen, absolute lymphocyte count (ALC) <5x109/L.
Treatment restart criteria: Any one of palpable lymph nodes (≥2cm), palpable 
spleen, or ALC >5 x109/L.
Treatment stop criteria: Received at least a further 12 months of ibrutinib, no 
palpable lymph nodes or spleen, and <5 x109/L ALC for at least 6 months.



1. It is desirable to stop targeted therapy in CLL to:
a) Reduce the impact of toxicity
b) Reduce the emergence of resistance
c) Define and limit cost

2. How should we stop targeted therapy?
a) Fixed duration for all patients à some patients will not have achieved 

their maximal response
b) Fixed duration tailored to individual patient response à attractive but 

requires sophisticated approach
c) In good MRD positive remission with planned re-treatment? 

Conclusions: Stopping targeted therapy in CLL


