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                                                                                                                        Abstract

                                                            Ibrutinib, a Bruton’s tyrosine kinase inhibitor is approved for relapsed/refractory and del(17p)/TP53 mutated chronic lymphocytic leukemia. Discrepancies between clinical trials and routine health-care are commonly observed in oncology. Herein we report real-world results for 95 poor prognosis Swedish patients treated with ibrutinib in a compassionate use program. Ninety-five consecutive patients (93 chronic lymphocytic leukemia, 2 small lymphocytic leukemia) were included in the study between May 2014 and May 2015. The median age was 69 years. 63% had del(17p)/TP53 mutation, 65% had Rai stage III/IV, 28% had lymphadenopathy ≥10cm. Patients received ibrutinib 420 mg once daily until progression. At a median follow-up of 10.2 months, the overall response rate was 84% (consistent among subgroups) and 77% remained progression-free. Progression-free survival and overall survival were significantly shorter in patients with del(17p)/TP53 mutation (P=0.017 and P=0.027, log-rank test); no other factor was significant in Cox proportional regression hazards model. Ibrutinib was well tolerated. Hematomas occurred in 46% of patients without any major bleeding. Seven patients had Richter’s transformation. This real-world analysis on consecutive chronic lymphocytic leukemia patients from a well-defined geographical region shows the efficacy and safety of ibrutinib to be similar to that of pivotal trials. Yet, del(17p)/TP53 mutation remains a therapeutic challenge. Since not more than half of our patients would have qualified for the pivotal ibrutinib trial (RESONATE), our study emphasizes that real-world results should be carefully considered in future with regards to new agents and new indications in chronic lymphocytic leukemia.
                                                            
                                                            Introduction
Chronic lymphocytic leukemia (CLL), the most common leukemia in adults, is characterized by a clonal expansion of CD5 and CD23 B-lymphocytes which accumulate in blood, bone marrow and lymphoid tissues. Chemoimmunotherapy is the standard first-line treatment, but patients with del(17p) or TP53 gene mutation have a poor prognosis and inferior clinical outcomes with such regimens.21 Patients who are refractory to multi-agents have a very poor prognosis.43
The CLL cell receives survival and proliferation signals from the microenvironment, and the B-cell receptor (BCR) is a key factor in this interaction. Brutós tyrosine kinase (BTK) is a non-receptor tyrosine kinase and plays a crucial role in BCR signalling. Ibrutinib is an oral, selective and irreversible inhibitor of BTK. It binds to the cysteine-481 amino acid of the BTK enzyme.5 Next-generation BTK inhibitors are under clinical development with promising early results.6
In the first phase 2 study of ibrutinib, 71% of patients with relapsed or refractory CLL achieved a partial response (PR) according to the International Workshop on Chronic Lymphocytic Leukemia (IWCLL) 2008 criteria,7 and an additional 18% of patients had PR with lymphocytosis (PR-L).8 The response was independent of clinical and genomic risk factors including del(17p). The 3-year follow-up of this study reported no late occurring toxicity, and progression was uncommon even though a shorter progression-free survival (PFS) for patients with del(17p) was found.9 In a pivotal phase 3 study (RESONATE), patients with previously treated CLL were randomized between treatment with ibrutinib and ofatumumab with a significantly longer PFS and overall survival (OS) in favor of ibrutinib.10 As a consequence of these results, ibrutinib received US Food and Drug Administration approval in February 2014 for patients with CLL who received at least one prior therapy, and approval in July 2014 for all patients with del(17p). Approval by The European Medicines Agency for patients who had received at least one prior therapy, or for all patients with del(17p) or TP53 mutation was granted in October 2014. It was recently shown in a phase 3 study that ibrutinib was superior to chlorambucil in previously untreated patients with CLL, regarding PFS, OS, overall response rate (ORR), and improvement in hematologic variables.11 This might result in a broader indication for ibrutinib therapy.
However, there is often a discrepancy between data obtained from patients strictly included in clinical trials and those obtained outside trials in routine health care, or in trials conducted in a community-based setting, as shown in CLL patients with the fludarabine, cyclophosphamide and rituximab (FCR) regimen.121 Trials in CLL generally enrolled younger patients with fewer comorbidities than in actual clinical practice.13 Thus, knowledge about real-world results in hematology1514 becomes increasingly important for the optimal usage of new agents in various disorders, including CLL, especially if such agents are to be used continuously until progression. We report herein real -world results for 95 consecutive Swedish patients with poor prognosis CLL who received ibrutinib treatment in a compassionate use program (CUP), outside the setting of clinical trials.
Methods
Study design and participants
This retrospective analysis was conducted at 27 Swedish hospitals that included at least one CLL patient in the CUP, which was open for inclusion between May 15, 2014 and May 31, 2015. The program offered free drug access for patients with CLL until ibrutinib was generally available on the market, after which patients were prescribed ibrutinib capsules according to normal Swedish health care regulations. All patients included in the CUP could be identified. Data was extracted from each patient’s individual medical file and entered into case record forms (CRF) by each treating physician for statistical analysis. The monitoring of data from individual patient files was performed by the academic study team and cross-checked vs. CRFs. The procedure was approved by the regional ethics committee and conducted in accordance with the Declaration of Helsinki.
Patients with CLL were eligible for the CUP if they had: a confirmed diagnosis of CLL or small lymphocytic lymphoma (SLL) according to the IWCLL criteria,7 a need for treatment, and a high-risk disease that did not respond to a chemoimmunotherapy regimen or that progressed within 24 months after completion of the regimen. Also included in the CUP were patients with del(17p) or TP53 mutation, who could be included at any time point, patients with an Eastern Cooperative Oncology Group (ECOG) performance status of ≤ 2, neutrophil count ≥ 0.5×10/L, platelet count ≥ 30×10/L, serum creatinine ≤ 2 times, liver enzymes ≤ 3 times and total bilirubin ≤ 1.5 times the upper limit of normal. Key exclusion criteria were: treatment with a strong CYP3A inhibitor or warfarin, allogeneic stem cell transplantation (SCT) within the past 6 months, ongoing active infection, uncontrolled autoimmune hemolytic anemia or immune-mediated thrombocytopenia, Richter’s transformation (RT), and other active malignancies or uncontrolled cardiovascular disease.
Treatment
Patients received 420 mg oral ibrutinib once daily until progression or occurrence of unacceptable side effects. Individual dose modifications were allowed as recommended by the manufacturer and as decided by the treating physician.
Assessments
Endpoints were ORR, which included PR, PR-L and complete remission (CR) rate, as well as PFS, OS and the safety of ibrutinib.
Treatment response was classified according to the IWCLL response criteria of 2008,7 with the exception that lymphocytosis was not the sole criterion for disease progression.10 Response evaluation in patients with SLL was based on the 2007 International Working Group Criteria for non-Hodgkin lymphoma.16 Lymph node response was evaluated clinically and/or by CT scan, as decided by the physician. Evaluation of bone marrow response was done at the discretion of the physician. CR required evaluation by CT scan and bone marrow examination. Cumulative Illness Rating Scale (CIRS) was used to define comorbidities at baseline.1817
Treatment toxicity was evaluated using the National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events v3.0 except for anemia, thrombocytopenia and neutropenia, which were graded according to the IWCLL grading scale for hematologic toxicity in studies.7 Adverse events (AE) of grade 3 or higher were generally recorded, whereas any grade of AE was reported for hemorrhage, diarrhea, arthralgia, atrial fibrillation and blood counts.
Time to response was defined as the time from start of ibrutinib until the date of fulfilling criteria for PR-L or PR. PFS was defined as the time from start of treatment to progression, the start of new anti-cancer treatment or death from any cause. Two patients proceeded to allogeneic SCT after having responded to ibrutinib and were excluded from PFS analysis. OS was defined as the time from start of ibrutinib treatment to death or latest follow-up.
Statistical analysis
Response rates are presented with 95% confidence intervals (CI). Survival (PFS, OS) was estimated by the Kaplan-Meier method. Univariate and multivariate analyses on time to failure were estimated using the Cox proportional regression hazards model. Results are presented as hazard ratios (HR) and 95% CI. All statistics were performed with IBM SPSS, version 23.0.
Results
Patients
One hundred and one patients were enrolled between May 15, 2014 and May 31, 2015. Four patients died early or were diagnosed upfront with RT; they never received ibrutinib and were excluded from analysis. Two additional CLL patients were excluded as they were diagnosed with acute myeloid leukemia (AML) at the time of inclusion.
Ninety-five patients (93 with CLL, 2 with SLL) were included in the analysis. Baseline characteristics are shown in Table 1. The median age was 69 years and 23% were 75 years of age or older. Del(17p) and/or TP53 mutation tests were performed in 80 patients and 63% were positive. Del(11q) without del(17p) was present in 18% of the patients. Sixty-five per cent had Rai stage III or IV. Twenty-eight per cent had lymph nodes ≥10 cm. Twenty-nine per cent had ECOG performance status grade 2 or 3 and 19% had CIRS ≥6. A median of 3 prior therapies (range 0–9) was reported.
[image: ]

Table 1.Patient characteristics (%) prior to start of ibrutinib (n=95).
Efficacy and safety
Response rates are shown in Table 2. ORR was 84% (61% PR, 20% PR-L, 3% CR). The ORR among the 42 patients who performed a CT scan as part of their response evaluation was 83%. Responses were consistent across subgroups (Table 2). All 8 patients who had a previous allogeneic SCT responded to ibrutinib.
[image: ]

Table 2.Response rates (%) according to subgroup.
The median time to PR-L and PR was 1.5 (range 0.3–13.2) and 3.9 (range 0.9–10.9) months, respectively.
Hematologic recovery in patients with pre-existing cytopenias is shown in Figure 1. A gradual improvement of anemia (Figure 1A) and thrombocytopenia (Figure 1B) was observed during treatment. The mean neutrophil count showed a rapid increase early during therapy and thereafter stabilized (data not shown). The response in the bone marrow was analyzed in 26 patients who underwent a second bone marrow biopsy after a median treatment time of 9.5 months (range 2.1–16.4). A >50% reduction of CLL cells in the bone marrow was achieved in 62% of the patients (16/26, including 2 CRs). The ORR in the same 26 individuals was 88% (23/26).
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Figure 1.Time kinetics of recovery of blood counts. Hemoglobin concentration (A) and platelet count (B) during ibrutinib therapy in patients with baseline cytopenias. Mean +/− SEM at each timepoint is shown.
Blood lymphocyte counts reached their peak value after a median time of 4 weeks (range: 2 days to 5.2 months) and thereafter declined slowly. Four patients developed a lymphocyte count of > 50×10/L; two of them developed symptoms of hyperviscosity (at a lymphocyte count of 899 and 917×10/L, respectively) which resolved following leukapheresis.
At a median follow-up time of 10.2 months, the median PFS has not yet been reached. The estimated PFS rate at 10 months was 77% (Figure 2A). PFS was significantly shorter in patients with del(17p)/TP53mut (71% at 10 months) than in those without this cytogenetic aberration (93% at 10 months) (P=0.017, log-rank test) (Figure 2B). CIRS ≥6 was also associated with a significantly shorter PFS (P=0.001, log-rank test). A Cox proportional regression hazards model was performed to check whether baseline characteristics (age, sex, Rai stage, ECOG, number of prior therapies, CIRS, bulky disease ≥5 cm or del(17p)/TP53mut) had an impact on PFS. In this analysis, only del(17p)/TP53mut reached statistical significance (HR 22.18, 95% CI 1.58–311.7, P=0.022) while all other baseline factors were statistically non-significant (Table 3).
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Figure 2.Overall survival (OS) and progression-free survival (PFS). Kaplan-Meier curves of PFS in (A) all patients and (B) patients with or without del(17p)/TP53 mutation and OS in (C) all patients and (D) patients with or without del(17p)/TP53 mutation.
[image: ]

Table 3.Cox proportional regression hazards model of factors on PFS and OS.
Ten patients had progressive disease (PD) during ibrutinib therapy; 7 had RT and 3 had CLL progression. RT occurred after a median time of 9.5 months (range 3.8–13.1). Six out of 7 patients with RT had baseline del(17p)/TP53mut and 4 patients had bulky disease ≥10 cm.
Median OS was not reached, with a 10-month OS rate of 83% (Figure 2C). OS was significantly shorter in patients with del(17p)/TP53mut (78% were alive at 10 months) than in non-del(17p) patients (97% were alive at 10 months) (P=0.027, log-rank test) (Figure 2D). Similar to the PFS analysis, CIRS ≥6 was associated with a significantly shorter OS (P=0.006, log-rank test), but del(17p)/TP53mut was the only significant factor in the Cox proportional regression hazards model (HR 14.74, 95% CI 1.05–207.3, P=0.046) (Table 3).
Twenty-three patients (24%) discontinued ibrutinib therapy due to PD (n=10), AE (n=10) or due to other reasons (n=3). Reasons for withdrawal other than PD were infection (n=4), secondary malignancy (n=2), generalized exanthema or blisters (n=2), sudden death of unknown origin (n=1), allogeneic SCT (n=1), diarrhea (n=1), need for strong antithrombotic therapy (n=1) and patient decision (n=1). Two patients were switched to treatment with idelalisib; one due to the need for strong antithrombotic therapy who developed cutaneous toxicity on idelalisib and was switched back to ibrutinib with a maintained response. The second patient discontinued ibrutinib after 3 weeks due to cutaneous toxicity, and thereafter reached a response on idelalisib + rituximab therapy.
Sixteen patients have died. The reasons for death were infection (n=6), RT (n=5), CLL progression (n=2), secondary malignancy (n=2) and sudden death of unknown origin (n=1).
All included patients (n=95) were assessed for safety. AEs during ibrutinib therapy are listed in Table 4. Ibrutinib was generally well tolerated. The most common non-hematologic grade 3–4 AE was infection, which occurred in 39% of the patients. Diarrhea was reported in 25%; only 1 patient had grade 3. Arthralgia or muscle pain was reported in 15%, all but one were grade 1–2. Hemorrhage occurred in 46%; all were grade 1–2 and no major bleeding was observed. Nineteen patients received concomitant low molecular heparin and 5 patients received aspirin or clopidogrel. There was no increased incidence of bleeding in these patients. Atrial fibrillation occurred in 8 patients (8%) during ibrutinib treatment.
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Table 4.Adverse Events.1
Six patients developed a secondary malignancy during therapy: 4 had squamous cell carcinoma of the skin, one had generalized adenocarcinoma, and one had a suspicion of myelodysplastic syndrome (MDS), which was not confirmed by cytogenetics.
Fifty-three patients (56%) were hospitalized at least once; the major reason was infection (32%). In the remaining patients the reasons for hospitalization varied.
Hematologic toxicity is shown in Table 4. Thirteen percent of the patients had grade 4 neutropenia and 18% had grade 3–4 thrombocytopenia. Eighteen patients (19%) received treatment with granulocyte-colony stimulating factor (G-CSF).
A dose reduction of ibrutinib was conducted in 21 patients; 11 were dose-reduced by one level and 10 by two levels to 140 mg. The reasons were: neutropenia (n=4), hematoma (n=4), infection (n=3), thrombocytopenia (n=2), diarrhea (n=2), the need of a strong CYP inhibitor (n=1), anemia (n=1), cutaneous AE (n=1), arthralgia (n=1), increasing serum creatinine (n=1), and aggravation of atrial fibrillation with fluid retention (n=1). Cytopenias generally resolved or improved following dose reduction. To check whether dose reduction may impact on the outcome we compared PFS and OS in patients who had a dose reduction lasting longer than 3 months vs. patients with no or only a short, temporary dose reduction. No differences in PFS and OS were observed (data not shown).
Discussion
This real-world report on ibrutinib was based on consecutively identified CLL patients from a geographically well-defined region. Ibrutinib was provided through the CUP (from May 2014 to May 2015) and thereafter prescribed as licensed indication. The size of the study group (n=95), in relation to the length of the recruitment period (12 months), is likely to be representative for a general population of advanced phase CLL patients in Sweden. Nineteen of the 27 participating centers were non-university hospitals, and together our centers covered all health care and geographical regions in the country. Thirty-four of the 95 patients were treated at non-university hospitals. Furthermore, practically all Swedish CLL patients are followed and treated at hospital-based clinics within the public health care sector, whereas private and office-based hematology is almost absent in our country. The active, nationwide network established within the Swedish CLL Study Group further reduced the risk of missing patients eligible for the CUP. Quality assurance of data was made by the on-site monitoring of individual patient files which were cross-checked. Taken together, we assume that our study represents a real-world population of CLL patients.
The importance of real-world results on patient cohorts, treated outside prospective clinical trials, has been increasingly recognized in hematologic malignancies,1514 in which complex or toxic regimens are frequently used or new agents are introduced. It was reported that CLL patients included and treated in confirmatory community-based trials responded less well and experienced more side effects than reported in the preceding pivotal studies.121 Similar findings have been published on patients with advanced phase CLL when monoclonal antibodies were used as single-agent therapy in routine health care.2019 Patients included in CLL trials are often younger and have less advanced disease than the general CLL population.13 This is also evident from the current real-world report, in which one fourth of the patients were 75 years or older, more than 60% had del(17p)/TP53mut, most had a reduced ECOG performance status and many had large lymph nodes. Patients included in the pivotal clinical trials on ibrutinib were often younger, had a better ECOG and less pronounced lymphadenopathy.108
The ORR of 84% reported in our study is similar to that of the multicenter pivotal trials.108 despite the fact that our patients had more poor prognosis characteristics. Many of our patients are still in the relatively early phase of ibrutinib treatment and may possibly demonstrate an improved response with time, as reported in the trials.2198 However, one should be aware that response evaluation in our study was made retrospectively and thus should be viewed with some caution.
The PFS rate of 77% and OS rate of 83% at 10 months is also similar to that of prospective clinical trials,108 even though a longer follow-up is required to make a more reliable judgment upon the outcome (PFS and OS). Notably, the PFS and OS were significantly shorter in patients with del(17p)/TP53mut than in those without this aberration. CIRS ≥6 showed a similar pattern but was not statistically significant in the Cox proportional regression hazards model. Similar findings in del(17p) patients were recently reported in the 3-year follow-up of a phase 1b-2 multicenter study9 as well in the RESONATE-17 study.2322 Thus additional therapeutic actions appear to be required in this difficult-to-treat subgroup of patients. The outcome of del(17p) patients was similar among patients with vs. without bulky disease.
Only limited information is available on the bone marrow effects of ibrutinib. A gradual improvement of cytopenias was described by Byrd et al.,9 providing indirect evidence that ibrutinib induces tumor regression in the bone marrow compartment. This is further supported by our results on longitudinal follow-up of blood counts (Figure 1). In our study, the response rate in the bone marrow was 62% after a median treatment time of 9.5 months; more and deeper remissions are likely to occur over time during prolonged therapy, as recently reported in a follow-up of the NIH conducted clinical trial.24
Ibrutinib was well tolerated. AEs were consistent with those reported in prospective clinical trials, with the exception of grade 3–4 infections, which occurred in almost half of our patients. This is likely to be attributable mainly to the advanced disease of our patients, as most infectious AEs appeared early during ibrutinib therapy. The infection rate was similar in patients with or without del(17p) and was unrelated to CIRS. Well-known side effects such as diarrhea, arthralgia and atrial fibrillation were observed at the expected frequency and severity. A longer follow-up is required to obtain a complete picture of toxicity during ibrutinib therapy. It should be noted that patients with severe cardiovascular disease, warfarin treatment as well as severe neutropenia were excluded from participation in the CUP.
RT occurred in 7 patients, but there is currently no evidence to suggest an increased risk of RT during ibrutinib therapy.259 Cutaneous hematomas were common, but no patient had a major bleed. When cross-checking individual patient files we often identified uncertainty among physicians on how to deal with anti-coagulative agents (other than warfarin) in various clinical situations and in relation to the platelet counts; guidelines for routine health care are warranted as these situations are not uncommon.
One may argue that the CUP inclusion criteria to some extent may parallel those of clinical trials. We therefore checked whether our patients fulfilled the inclusion criteria of the pivotal phase 3 study (RESONATE).10 Forty-five percent of our patients had one or more exclusion criteria for RESONATE, with poor performance status or cytopenias as the main reasons, further supporting the real-world representativity of our patient material.
In conclusion, our real-world results confirm and extend the data reported in prospective clinical trials on single-agent ibrutinib in high-risk or R/R CLL patients.22108 Good tolerability, a high ORR and a promising PFS were found in our group of consecutive patients, despite the fact that many of them were old and had poor prognostic features. The shorter PFS and OS in patients with del(17p)/TP53mut highlights the need for continued development of new therapeutic principles for this most difficult-to-treat subgroup of CLL patients. Our study emphasizes that real-world results should be carefully considered from now on regarding new agents266 and new indications11 in CLL.
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