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Abstract

Ibrutinib is used continuously in CLL. This phase 1b/2 study interim analysis explored

on-off-repeat dosing to reduce toxicity. After 12 months, 16/22 patients (73%)

remained in first off-phase irrespective if initial CR/PR or TP53 aberration. Grade 3-

4 infections were reduced from 55% to 5% during a similarly long off-phase (P < .01).

Treg and exhausted T-cells increased (P= .01). Six patients restarted ibrutinib at early

progression and remain drug-sensitive. Our interim analysis shows a durable off-phase

in most patients, with reduced infections and cost-saving potential. If toxicity-driven

permanent cessationof ibrutinibwill be affectedwill be explored in theextended study.

1 INTRODUCTION

Most patients with chronic lymphocytic leukemia (CLL) relapse after

first-line chemoimmunotherapy and treatment with ibrutinib, an

inhibitor of Bruton’s tyrosine kinase (BTK), has improved prognosis of

relapsed/refractory (R/R) patients in trials [1,2] and real-world reports.

[3] However, long-term continuous usage is burdened by side effects

such as hematomas, atrial fibrillation, hair, skin, and nail changes and

high annual costs for the society. A real-world analysis on strictly con-
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secutive patients receiving continuous ibrutinib showed amedian time

to permanent cessation of ibrutinib of only 18 months, mainly due

to toxicity. [4] The risk of opportunistic and other infections during

ibrutinib therapy has been debated. [5] Observations in patients who

stopped ibrutinib treatment permanently due to side effects suggest

that clinical responses may be long-lasting. [6] Thus, we raised the

question whether ibrutinib could safely be interrupted in responding

CLL patients and restated at early signs of progression, reducing side

effects and possibly the risk of permanent drug cessation. Maintaining
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ibrutinib tolerability may be crucial to delay the need for alternative

therapy. Ibrutinib may not be cost-effective with the current standard

dosing [7] and repetitive on-off dosingmay also have significant impact

on total drug costs.

1.1 Study design

We report here early interim results from a Phase 1b/2 multi-

center, prospective, single-arm, investigator-initiated study of CLL

patients whowere in remission following continuous ibrutinib therapy,

designed to investigate the safety and efficacy of repeated response-

guided treatment interruptions. The primary study endpoints were

safety, that is, adverse events (AEs) and relationship of AEs to inter-

mittent and repeated ibrutinib dosing, as well as the time to need of

alternative therapy other than ibrutinib. Secondary endpoints were

overall response and time to response, progression free survival, time

from stop until restart of each ibrutinib cycle, number of ibruti-

nib cycles, cumulative dose of ibrutinib, overall survival and changes

in biological and immunological variables at stop and start of each

cycle. The study was approved by the Ethics authority and Medical

Product Agency of Sweden. All patients provided written informed

consent.

A preplanned early interim analysiswas scheduled after 20 included

patients; the number was based on our previous experience on explo-

rative studies to provide an indicator that no safety signals emerged

and that outcome measures showed a positive trend. [8–10] Eligibil-

ity criteria are: CLL with treatment indication according to the iwCLL

criteria before start of continuous ibrutinib therapy in the R/R set-

ting or first or later line in case of TP53 aberration; having received

≥6 months of ibrutinib therapy; stable clinical partial remission (PR)

according to iwCLL criteria or better; aged ≥18 years; ECOG ≤2; neu-

trophil count ≥0.5 × 109/L; platelet count ≥30 × 109/L; serum creati-

nine< 177 µmol/L.

Computed tomography (CT) and bone marrow examinations are

performed at study inclusion. Ibrutinib is stopped (study entry,

first off-phase) and patients are followed closely. At early signs

of progressive disease (PD) defined as new enlarged lymph node

≥2 cm and/or >50% increase of existing lymph nodes and/or >50%

increased lymphocytosis and/or lymphocytosis of >30 × 109/L, ibru-

tinib is restarted (on-phase). Treatment will then continue until

a new stable PR is achieved and then stopped again (second

off-phase). Such cycles are planned to be repeated until non-

tolerability or nonresponsiveness to ibrutinib forced permanent

discontinuation.

Lab tests and telephone contact are mandatory every second week

during the first 2 months to rule out rebound phenomena follow-

ing drug cessation. Physical examination is performed monthly during

the first 6 months of every on- and off-phase and every other month

thereafter. Blood counts with differential are performed every sec-

ond week during the first two months of every off-phase and monthly

thereafter, and monthly during every on-phase. In case of early signs

of PD, a more comprehensive evaluation, which included a CT and

bone marrow biopsy is performed before ibrutinib is restarted. With

every subsequent on-off cycle the same comprehensive evaluation is

performed.

Immunomonitoring is performed during the first off-phase (base-

line, 2 and 4 weeks, 3, 6, and 12 months). Materials and methods are

included as supplement.

2 RESULTS AND DISCUSSION

We report here the early preplanned interim analysis of the Phase

1b/2 study. A total of 22 patients were enrolled during 20 months

at three sites. Four patients were included in an early run-in

safety period and had to complete 6 months of the first off-phase

before additional patients could be included in the study. Patients

characteristics are shown in Table 1. Median age was 73.5 years

(range 52-86), nine patients (41%) had TP53-mutation and/or 17p

deletion, and eight patients (36%) received ibrutinib as first-line

treatment.

Of the 22 patients, 11 (50%) entered the study with a PR and 11

withCR,whichwasminimal residual disease (MRD)-positive in all cases

(Figure1A). Rapid progressivedisease (rebound) or other safety signals

were not observed. Sixteen patients (73%) remained in their first off-

phasewithout early signs of PDat the12months follow-up (Figure 1A).

Median time to progression has not been reached. Therewas tendency

toward a longer off-phase amongpatientswith clinical CR, even though

many patients with PR at inclusion also remained off drug at the 12-

month follow-up (Figure 1A). Cytogenetic status was not related to

length of first off-phase, but longer follow-up and extended number of

patients will be required. Six patients (27%) showed early signs of pro-

gression (for criteria see “Study design” above) and restarted ibrutinib

after a median of 7 months (range 4-29); all responded with shrinking

lymph nodes and/or improving blood counts. In one patient, the second

response was deeper (MRD-positive CR) than achieved prior to study

inclusion (PR). However, this patient experienced increasing lymphocy-

tosis after 7months in the secondoff-phase and restarted ibrutinib and

has achieved a new PR.

We thereafter compared side effects observed during 12 months

before study inclusion and during the first off-phase, that is,

a similarly long time period off-drug (Table 1). Fragile nails and/or

skin (fingertip) eruptions were present in 10 patients prior to study

inclusion; not unexpectedly, all of them had normalized nails and

fingertips during the first off-phase (P = .0044, McNemar’s test).

Similarly, hematomas or bleeding disappeared in 12/13 patients during

the off-phase (P= .0015). Two patients had developed atrial fibrillation

and arthralgias, respectively, during the last 12 months before study

entry. No new cases were observed during the off-phase. Notably, the

frequency of grade ≥3 infections was significantly lower (P = .0055)

during the first off-phase (5%) than in the preceding 12months on ibru-

tinib (55%). There was no significant difference in grade ≤2 infections

(55% before vs 32% after drug cessation). The reason for the reduced

risk of severe infections is not clear since grade 4 neutropenia and

hypogammaglobulinemia did not differ between the two time periods.
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TABLE 1 Patient characteristics at baseline and side effects
during 12months before and during 1st off-phase

Patient characteristics at study inclusion (n= 22)

Gender

Male, n (%) 16 (73)

Female, n (%) 6 (27)

Age (years), median (range) 73.5 (52-85)

Performance status (ECOG)

0, n (%) 16 (73)

1, n (%) 6 (27)

Fluorescence in situ hybridization

(FISH) and/or array

TP53-mut/del(17p), n (%) 9 (41)

Del(13q), n (%) 12 (55)

Del(11q), n (%) 3 (14)

Trisomy 12, n (%) 1 (5)

Normal, n (%) 3 (14)

Not done, n (%) 2 (9)

Time (months) since CLL diagnosis

at study entry, median (range)

90 (33-206)

Number of previous treatments,

median (range)

2 (1-6)

Ibrutinib treatment:

First line, n (%) 8 (36)

Second or later line, n (%) 14 (64)

Duration (months) of prior ibrutinib

treatment at study entry, median

(range)

26 (7-77)

Response at study entry

PR, n (%) 11 (50)

CR, n (%) 11 (50)

Follow-up on study (months),

median (range)

13 (9-32)

Side effects observed during 12

months prior to study inclusion

and during the first off-phase

Grade 1-2 hematoma/bleeding

Before study inclusion, n (%) 13 (59) P= .0015*

(Continues)

We assume that the lower incidence of infections was ascribable to

the patients being off the drug. Several studies have shown improved

humoral immunity (especially IgA) during ibrutinib treatment. [11]

Whether humoral immunity may improve following cessation of

ibrutinib will be object of future investigations including vaccine trials.

We previously showed that most peripheral blood T-cell subsets

decline during ibrutinib treatment, which correlates with a decreasing

disease burden. [12] No significant changes in the numbers of CD4+

and CD8+ T-cell subsets were observed following ibrutinib cessation

(Figure 1B and C). NK cells (CD3−CD56+) decreased during the first

2 weeks (P = .04) but then increased (P = .008 at 12 months) (Fig-

TABLE 1 (Continued)

Patient characteristics at study inclusion (n= 22)

During the first off-phase, n (%) 1 (5)

Grade 1-2 Fragile nails and/or skin

(fingertip) eruptions

Before study inclusion, n (%) 10 (45) P= .0044*

During the first off-phase, n (%) 0 (0)

Grade≤2 infections

Before study inclusion, n (%) 12 (55) NS

During the first off-phase, n (%) 7 (32)

Grade≥3 infections

Before study inclusion, n (%) 12** (55) P= .0055*

During the first off-phase, n (%) 1 (5)

Grade 1-2 arthralgias

Before study inclusion, n (%) 2 (9) NS

During the first off-phase, n 1 (5)

Atrial fibrillation

Before study inclusion, n (%) 2 (9) NS

During the first off-phase, n (%) (0)

Hypertension

Before study inclusion, n (%) 0 NS

During the first off-phase, n (%) 0

*P values refer toMcNemar test.

**Sepsis or neutropenic fever, n= 6, pneumonia, n= 6.

ure 1D). Exhausted T cells (CD3+PD-1+TIM3+) (P= .01 after 2 weeks)

and regulatory T cells (P = .01 after 3 months) gradually increased

during the first off-phase (Figure 1E, F). Such immune defects are likely

to reflect the tumor burden. [13–15]

There are several limitations in our study. First, the data presented

here is an early interim analysis, that is, on limited number of patients

and need to be confirmed in more patients (ongoing). Since cessation

of a BTK inhibitor in responding patients is outside the current treat-

ment recommendation, we decided to perform an early interim anal-

ysis to check safety signals and trends for efficacy to decide whether

continuationof the study is justified.Our early data suggest that severe

infectionsmay be reduced and that the first drug-free period exceeded

one year in most patients, which is considered as clinically meaning-

ful. Furthermore, all re-treated patients remain drug-sensitive. Sec-

ond, the study design may not be optimal; an alternative design would

be to use a predefined length of ibrutinib therapy or a predefined

depth of remission before drug cessation. However, our early data sug-

gest that neither length of therapy nor degree of remission may be

critical for the length of first off-phase. Third, even though the cost-

saving potential is obvious in a short termperspective, longer follow-up

(including more patients and repeated on-off cycles) will be required

to determine all aspects of our dosing strategy—only a randomized

comparison can provide the final answer on whether ibrutinib and

other BTKi should be continued until PD or if they can safely be halted.

Sincehalf of patients treatedwith ibrutinib continuously in a real-world
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F IGURE 1 Response-guided on-off dosing in ibrutinib-treated CLL patients and immunomonitoring during the first year of the initial
off-phase. (A) Duration of ibrutinib treatment prior to study enrollment (Months= 0) and duration of the respective response-guided
interruptions (off; in orange) and resumptions (on; in blue). Quality of response (CR or PR) at the time of ibrutinib cessation is indicated at the end
of each on-phase. Absolute numbers of (B) CD3+CD4+, (C) CD3+CD8+, (D) CD3−CD56+, (E) CD3+PD-1+TIM3+, and (F)
CD4+CCR4+CD25+CD127low lymphocytes, respectively, in the peripheral blood during the first year of the initial off-phase asmeasured by flow
cytometry. Panels B to F show data from 14 patients at ibrutinib cessation (study baseline) and the indicated period thereafter. Stars indicate a
statistically significant difference between the respective timepoints and baseline as established byWilcoxon signed-rank test. *P≤ .05; **P≤ .01;
***P≤ .001; CR: complete remission; PR: partial remission;MRD;minimal residual disease; PD-1: programmed cell death protein 1; TIM3: T cell
immunoglobulin andmucin domain-containing protein 3; Treg: regulatory T cell;♦: patients with 17 p deletion and/or TP53mutation

setting had stopped ibrutinib permanently already at 18months [4] we

suggest that an alternative dosing strategy shall be developed to mini-

mize permanent withdrawals, thereby possibly delay the time to need

of alternative therapy.
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