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                                                            The first-in-class, once-daily Bruton tyrosine kinase (BTK) inhibitor ibrutinib is one of the preferred standards of care for patients with relapsed or refractory (R/R) mantle cell lymphoma (MCL), which has a median overall survival (OS) of 4-5 years.31 We previously reported a pooled analysis of 370 patients with R/R MCL treated with ibrutinib in three studies (phase II PCYC-1104 and SPARK, phase III RAY) with a median 2-year follow up.4 Here, we present extended 3.5-year follow up. Patients treated with ibrutinib in second line and those achieving a complete response (CR) gained the greatest benefit from ibrutinib, without new long-term safety concerns.
Analysis included patients enrolled between 2011 and 2013 who received oral ibrutinib 560 mg QD. Tumor response was evaluated using revised response criteria for malignant lymphoma.5 Positron emission tomography (PET) scans were not conducted routinely but were required to confirm CR suspected on computed tomography scan. TP53 mutational status was determined by DNA sequencing using formalin-fixed paraffin-embedded slides. Progression-free survival (PFS), duration of response (DOR), and OS were analyzed by number of prior lines of therapy and best tumor response; DOR and PFS were further analyzed for second-line ibrutinib patients with a time to next treatment (TTNT) ≥2 years in front-line treatment, with TTNT serving as an approximation for DOR. Multivariate analysis was performed to identify predictors of PFS and OS. Grade ≥3 or serious treatment-emergent adverse events (TEAEs) were analyzed over time and by number of prior lines of therapy. All analyses are descriptive.
Baseline characteristics for the pooled dataset were published previously.762 Nearly one-third (31.8%) of the 370 patients had high-risk disease per simplified Mantle Cell Lymphoma International Prognostic Index (sMIPI), 48.9% had bulky disease (≥5 cm), 11.9% had blastoid variant, and 73.2% had received ≥2 prior lines of therapy (median 2; range, 1-9). Baseline cardiac risk factors included hypertension in 176 (47.6%) and history of atrial fibrillation (AF) or arrhythmia in 53 (14.3%) patients.
Eighty-seven (23.5%) patients benefiting from ibrutinib after completion of the original study rolled over to an open-label access study (CAN3001), 58.6% of whom were receiving ibrutinib at the time of this analysis. Across the overall population, estimated median duration of follow up was 41.4 months [95% confidence interval (CI): 37.3-43.9 months] and median treatment exposure 11.1 months (range, 0.03-76.9 months). Approximately one-third (n=115, 31.1%) of patients received ibrutinib for ≥2 years, including 83 (22.4%) and 62 (16.8%) patients receiving treatment for ≥3 and ≥4 years, respectively. Treatment discontinuation rates due to disease progression, AEs, and death were 59.2%, 10.3%, and 5.1%, respectively.
Overall, median PFS and OS were 12.5 (95%CI: 9.8-16.6) and 26.7 (95%CI: 22.5-38.4) months, respectively (Table 1). Response rates, DOR, PFS, and OS, overall and by subgroups, are summarized in Table 1.
[image: ]

Table 1.Progression-free survival, overall survival, best tumor response, and duration of response.
Patients receiving ibrutinib in second line had better outcomes than those treated in later lines (>1 prior line): median PFS and OS were 25.4 months (95%CI: 17.5-57.5) and not reached [NR; 95%CI: 36.0-not estimable (NE)], respectively (Table 1 and Figure 1). Overall response (ORR; 77.8%) and CR (37.4%) rates were higher in second versus later lines, and the median DOR of 35.6 months was twice as long with earlier versus later use (Table 1). Multivariate analyses of PFS and OS were consistent with univariate and multivariate analyses reported previously;4 number of prior lines of therapy was an independent predictor of PFS (HR 1.64; 95%CI: 1.197-2.248; P=0.002).
[image: ]

Figure 1.Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS) in pooled population including the CAN3001 study. (A) Patients with 1 prior line of therapy before ibrutinib treatment had longer median PFS than those with >1 prior line: 25.4 (95%CI: 17.5-57.5) vs. 10.3 (95%CI: 8.1-12.5) months. (B) Patients with 1 prior line of therapy before ibrutinib treatment had longer median overall survival than those with >1 prior line: NR (95%CI: 36.0-NE) versus 22.5 (95%CI: 16.2-26.7) months. CI: confidence interval; mo: months; NE: not estimable; NR: not reached.
For patients achieving a CR with ibrutinib, median PFS (95%CI: 47.6 months-NE), OS (95%CI: NE-NE), and DOR (95%CI: 45.8 months-NE) were not reached; durability of response was consistent regardless of extent of prior treatment (Table 1). For patients with a partial response (PR), however, DOR was longer with ibrutinib use in second versus later lines (22.1 vs. 8.3 months).
We further evaluated ibrutinib outcomes in subgroups with traditionally better or worse prognosis, namely patients with chemosensitive disease or mutated TP53. For 55 of 99 patients receiving ibrutinib in second line, time from initiation of front-line chemoimmunotherapy to start of ibrutinib on study was ≥2 years (median 42 months; range, 35.2-48.0 months). ORR, CR rate, and median PFS and DOR for second-line ibrutinib in these 55 patients were 87.3%, 47.3%, and 57.5 (95%CI: 25.2-NE) and 55.7 (95%CI: 33.1-NE) months, respectively. Of 144 patients in the pooled dataset with known TP53 mutation status, 20 (13.9%) had mutated TP53 (3 with blastoid disease and 12 with >1 prior line of therapy). In ibrutinib-treated patients with mutated and wild-type TP53, respectively, median PFS was 4.0 (95%:CI: 2.1-8.3) and 12.0 (95%CI: 7.1-15.6) months, and median OS was 10.3 (95%CI: 2.5-12.6) and 33.6 (95%CI: 18.3-NE) months; ORR in patients with mutated and wild-type TP53 was 55.0% (11 PRs; response data missing for 3 out of 20 patients) and 70.2% (31 CRs; 56 PRs), respectively.
Grade ≥3 TEAEs occurred in 296 (80.0%) patients, most frequently (≥5% of patients) neutropenia (17.0%), thrombocytopenia (12.4%), pneumonia (12.7%), anemia (10.0%), AF (AF/atrial flutter; 6.2%), and hypertension (5.1%). Serious (any grade) TEAEs occurred in 232 (62.7%) patients, most frequently (≥5% of patients) pneumonia (12.4%), and AF (5.4%). Incidence of grade ≥3 and serious TEAEs generally decreased with continued ibrutinib treatment (Figure 2A and B). Ibrutinib use in second versus later lines was associated with lower rates of grade ≥3 (69.7% vs. 83.8%) and serious TEAEs (54.5% vs. 65.7%), including AF. Second primary malignancies (mostly non-melanoma skin cancers) occurred in 10.8% of patients, consistent with an incidence of 8.2% (median follow up 31 months) in a US population-based study.8
[image: ]

Figure 2.Incidence of treatment-emergent adverse events (TEAEs) over time. (A) Grade ≥3 TEAEs generally decreased over time with lower rates associated with ibrutinib use in second versus later lines. (B) Any-grade serious TEAEs generally decreased over time with lower rates associated with ibrutinib use in second versus later lines. (C) Incidence of grade ≥3 AF and bleeding was highest in year 1 and decreased thereafter. Overall population is the full ibrutinib cohort enrolled in the original three studies (N=370), including those who continued on to the CAN3001 study. Number of patients with adverse events shown on bars. Recurrent events per patient were counted only once per year. If recurrent events occurred in a single patient in separate years, these were counted separately in each year (once only per year). N: number; AF: atrial fibrillation; Yr: year.
Forty-two (11.4%) patients had any-grade AF event on study. Of 53 patients with AF or arrhythmia history, 37 (70%) had no recurrence on ibrutinib. Incidence of grade ≥3 AF and bleeding was highest in year 1 and decreased thereafter (Figure 2C). All-grade AF led to dose reductions in two (0.5%) patients and no treatment discontinuations; grade ≥3 bleeding led to dose reduction in one (0.3%) and treatment discontinuation in three (0.8%) patients. Thirty-three of 42 (78.6%) patients with any-grade AF on study received anticoagulant and/or antiplatelet (AC/AP) medications including, among others, warfarin and novel oral anticoagulants. One patient with AF on study had a major hemorrhage but had not received AC/AP medications within 2 years.
Extended 3.5-year median follow up from this large multistudy cohort of R/R MCL patients confirmed that ibrutinib is highly active and provides durable responses, with some patients remaining on therapy for ≥4 years. CRs were highly durable regardless of the extent of prior treatment, and depth of response continued to improve over time.4 Multivariate analysis demonstrated that number of prior lines of therapy independently predicted PFS, as did certain characteristics constituting high-risk disease. These studies enrolled a challenging patient population, demonstrated by the high proportions of patients with multiple prior treatments and high-risk or bulky disease.
Clinical outcomes were best for patients receiving ibrutinib in second line, in whom median PFS exceeded 2 years and CR rate by Cheson 2007 criteria exceeded 35%; an improvement of nearly 15% versus later lines. In addition, grade ≥3 TEAEs, including AF, were less common with earlier ibrutinib use, and incidence generally decreased over time with continued treatment.
For patients with a TTNT of ≥2 years (median 3.5 years) in front line, in whom retreatment with chemoimmunotherapy may be considered in clinical practice, second-line ibrutinib provided highly durable responses with a median duration >4.5 years, notably longer than TTNT in front line. This compares favorably with bendamustine-rituximab in the relapsed setting, which was associated with a DOR of 1.6 years, albeit in a population with a median 2 prior lines of therapy.9
Among patients with mutated TP53, who generally have a more aggressive disease course and poor outcomes with traditional chemoimmunotherapy,10 responses with ibrutinib monotherapy were less favorable than in the overall population (no CRs). Notably, in two phase II trials, ibrutinib combined with the BCL-2 inhibitor venetoclax (n=24) or with lenalidomide and rituximab (n=50) achieved CR rates of 50-64% in patients with mutated TP53,1211 suggesting that ibrutinib combination therapy may improve outcomes in this setting. Allogeneic hematopoietic cell transplant may be used to consolidate any response to ibrutinib, although the effectiveness for mutated TP53 disease requires investigation.13
Some patients had cardiac risk factors that could predispose them to AF and arrhythmias: nearly half were hypertensive and 14% had a history of AF or arrhythmia. Among the latter, AF did not recur in the majority (70%) when treated with ibrutinib. Symptomatic AF, which occurred in 6.5% of patients with extended follow up, was manageable, causing no ibrutinib discontinuations and dose reductions in only two patients. Importantly, no major bleeds occurred in patients with AF receiving AC/AP medications for stroke prophylaxis.
Overall, these favorable outcomes with second-line ibrutinib treatment for MCL support its use as a standard treatment in this setting, both for patients who relapse early after front-line treatment and require novel non-chemotherapy approaches, and those with a durable front-line remission. Several ongoing studies, including a phase III trial of ibrutinib plus venetoclax, are evaluating ibrutinib-based combinations to further improve outcomes in this rare, aggressive lymphoma, particularly for patients with high-risk disease requiring innovative therapies.
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