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Cladribine tablets (CladT) preferentially reduce B and T lymphocyte levels. As aging is associated with a decline in immune function, the effect of CladT on lymphocyte levels may differ by age. This post hoc analysis combined data from the Phase 3 CLARITY, CLARITY Extension, and ORACLE-MS studies to examine the effect of age (≤50 or >50 years) on lymphopenia following CladT 3.5 mg/kg (CladT3.5; cumulative dose over 2 years) treatment over 96 weeks. Both CladT3.5 and placebo were given over Weeks 1 and 5 (Year 1 treatment) and Weeks 48 and 52 (Year 2 treatment) from the start of the studies. Absolute lymphocyte count (ALC) and levels of lymphocyte subsets were examined in 1564 patients (Age ≤50 [placebo: N=566; CladT3.5: N=813]; Age >50 [placebo: N=75; CladT3.5: N=110]). In both age groups, following CladT3.5 treatment, nadir for ALC occurred at Week 9 (8 weeks following start of Year 1 treatment) and Week 55 (7 weeks following start of Year 2 treatment) of the 96-week period; for CD19+ B lymphocytes, nadir occurred at Week 9 (Year 1) and Week 52 (Year 2). For CD4+ T lymphocytes, nadir occurred at Week 16 (Year 1) in both age groups, and at Weeks 60 and 72 (Year 2) in the Age ≤50 and >50 groups, respectively. Nadir for CD8+ T lymphocytes occurred at Week 16 (Year 1) and Week 72 (Year 2) in the Age ≤50 group and levels remained in the normal range; nadir occurred at Week 9 (Year 1) and Week 96 (Year 2) in the Age >50 group. Lymphocyte recovery began soon after nadir following CladT3.5 treatment and median levels reached normal range by end of the treatment year in both age groups. By Week 96, ~25% of patients treated with CladT3.5 reported ≥1 episode of Grade ≥3 lymphopenia (Gr≥3L). The rate of certain infections was numerically higher in older versus younger patients who experienced Gr≥3L. In conclusion, CladT3.5 had a similar effect on ALC and lymphocyte subsets in both younger and older patient groups.
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Introduction

Cladribine tablets are an oral treatment for adults with relapsing forms of multiple sclerosis (MS), which was approved by the European Medicines Agency in 2017 and the US Food and Drug Administration in 2019, and has now received worldwide approval in over 80 countries (1–3). Cladribine treatment is a therapy that induces transient lymphopenia when administered over a very short period, followed by longer treatment-free periods (2, 4, 5). The approved dose of cladribine tablets 10 mg (3.5 mg/kg cumulative dose over 2 years; referred to here as cladribine tablets 3.5 mg/kg) has demonstrated efficacy in patients with relapsing forms of MS, including relapsing-remitting MS (RRMS) (6–10). Cladribine (2-chlorodeoxyadenosine [2-CdA]) is a synthetic, deoxyadenosine analog; it is a prodrug that is preferentially activated in lymphocytes due to their constitutively high deoxycytidine kinase and relatively low 5’-nucleotidase levels (3). Cladribine selectively reduces circulating T and B lymphocytes, which play a central role in the pathogenesis of MS (2, 11). Consistent with the mechanism of action of cladribine, lymphopenia (Grade ≥1) has been reported in ~90% of patients treated with cladribine tablets 3.5 mg/kg over 2 years (7). Analysis of pooled data from the Phase 3 CLARITY and CLARITY Extension trials and the PREMIERE registry showed that treatment with cladribine tablets 3.5 mg/kg resulted in transient decreases in absolute lymphocyte counts (ALC), associated with a reduction in the number of CD19+ B, CD4+ T and CD8+ T lymphocyte subsets (4). This was followed by a recovery phase within weeks of nadir, wherein lymphocyte levels gradually returned to normal levels (4).

The incidence and prevalence of MS have increased over the past decade, with the peak prevalence shifting from the age of 40 years to ~60 years, due to improvements in MS diagnosis and life-expectancy (12, 13). Biological aging of the immune system, known as immunosenescence, is influenced by both genetic and environmental factors and is associated with a reduced ability to fight infections and develop immunological memory (14–17). As immunosenescence occurs with age, total lymphocyte levels are generally lower in older people compared to younger people, therefore use of disease-modifying therapies (DMTs) that further reduce lymphocyte function could potentially put older patients with MS at greater risk of adverse events (12, 15, 18). In addition, age is an important modifier of DMT efficacy; for some DMTs, slowing of MS disability progression decreases with increasing patient age (19). Opportunistic infections such as cryptococcal meningitis are common with some DMTs and this risk increases with age (12). The risk of varicella zoster virus (VZV) reactivation is higher among the elderly (20), and use of DMTs may further increase the risk of viral reactivation among older patients with MS. Low lymphocyte levels, especially in the central nervous system (CNS), are also associated with an increased risk for progressive multifocal leukoencephalopathy (PML) and aging appears to contribute to this risk (18). Given these observations, it is important to understand the immunological impact of DMTs on older versus younger patients with MS.

This post hoc analysis aimed to further explore and characterize the impact of age (≤50 years vs. >50 years) on the nature of lymphopenia experienced by patients treated with cladribine tablets 3.5 mg/kg in an integrated safety analysis.



Methods


Trial Design

CLARITY (NCT00213135) and ORACLE-MS (NCT00725985) were Phase 3, double-blind, randomized, placebo-controlled, 96-week studies of cladribine tablets in patients with RRMS and a first clinical demyelination event, respectively (7, 21). Details have been published previously, but to briefly summarize, both studies evaluated the efficacy and safety of cladribine tablets 3.5 or 5.25 mg/kg (cumulative dose over 2 years) versus placebo in previously treated or untreated patients (7, 21). For the 3.5 mg/kg dose regimen, cladribine tablets (10 mg tablets) were administered over 2 weeks at 0.875 mg/kg/week for 4–5 consecutive days starting on Day 1 of Weeks 1 and 5 of Year 1; this was followed by two further treatment weeks in Year 2 (at Weeks 48 and 52 from the start of study). CLARITY Extension (NCT00641537) was a double-blind, 120-week study that investigated long-term safety and efficacy of cladribine tablets 3.5 mg/kg versus placebo in eligible patients who completed CLARITY. Patients who received placebo in CLARITY were assigned to cladribine tablets 3.5 mg/kg, while those treated with cladribine tablets were re-randomized (2:1) to an additional 2-year course of cladribine tablets 3.5 mg/kg or placebo (9).



Post Hoc Analysis

This post hoc analysis was conducted to evaluate the effect of age (Age ≥18–≤50 years [Age ≤50 group] and Age >50–≤65 years [Age >50 group]) at baseline on ALC and levels of lymphocyte subsets (CD19+ B, CD4+ T and CD8+ T lymphocytes) among patients treated with placebo or cladribine tablets 3.5 mg/kg. The analysis period was between Weeks 0–96 of treatment with cladribine tablets 3.5 mg/kg in ORACLE-MS, CLARITY, and CLARITY Extension (treatment Year 1: Weeks 0–48; treatment Year 2: Weeks 48–96). Of the CLARITY patients who entered CLARITY Extension, only patients who received placebo in CLARITY and cladribine tablets 3.5 mg/kg in CLARITY Extension and those who received cladribine tablets 3.5 mg/kg in CLARITY and placebo in CLARITY Extension were included in this analysis. The analysis population was the cladribine tablets 3.5 mg/kg monotherapy oral cohort (4, 7, 9, 21). Assessments included incidence of Grade ≥3 lymphopenia (Gr≥3L); Gr≥3L was defined as ALC levels <500 cells/μL based on the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) Version 3.0 toxicity grading system. The time to recovery from first Gr≥3L to Grade ≤2 lymphopenia (ALC ≥500 cells/μL) was also assessed. All assessments were performed for each age group (≤50 years and >50 years). Among patients who had an episode of Gr≥3L, the rate and type of treatment-emergent adverse events (TEAEs) of viral and bacterial infections was evaluated. The incidence of TEAEs were summarized by Preferred Term (PT) and severity, coded according to the MedDRA dictionary Version 20.0 and expressed in adjusted-TEAE/100 patient-years (Adj-TEAE/100PY). Adj-TEAE/100PY is the time-adjusted incidence rate of TEAEs which can be interpreted as the number of events occurring in 100PY; the confidence interval (CI) is computed with the Wald method for the number of patients with events using a Poisson regression model with fixed effect for treatment group and with log of time at risk as an offset. When the observed rate is zero, the lower limit is set to zero and the exact formula is used for the upper limit. All analyses were performed using Statistical Analysis Software (SAS®), Version 9.4 or higher.




Results


Patients

A total of 1564 patients were included in this post hoc analysis. Of these, 1379 were ≥18 to ≤50 years (Age ≤50 group [placebo: N=566; cladribine tablets 3.5 mg/kg: N=813]) and 185 were >50 to ≤65 years (Age >50 group [placebo: N=75; cladribine tablets 3.5 mg/kg: N=110]) of age. The mean age in the younger age group was 35.1–35.2 years and in the older age group was 53.7–54.0 years (Table 1). Baseline demographics and disease characteristics were generally well balanced between age groups. Most patients (79.5–80.9%) were treatment naïve at baseline in both age groups. The two age groups also had broadly similar baseline median ALC (1.86–1.95 x 109 cells/L; Table 2) and lymphocyte subset levels (CD19+ B cells: 204–225 cells/µL; CD4+ T cells: 758–952 cells/µL; CD8+ T cells: 338–409 cell/µL; Supplementary Tables 1–3). Compared with the Age ≤50 group (both placebo- and cladribine tablets-treated patients), the Age >50 group had a higher proportion of women (73.6–76.0% vs. 64.8–65.3%), longer disease duration (median 11.4–12.7 years vs. 6.4–6.6 years), and more patients with at least one relapse at baseline or in the 12 months prior to study entry (66.3–90.7% vs. 53.0–64.5%; Table 1). Furthermore, the older age group had a slightly higher proportion of patients with ≥9 T2 lesions (84.9–94.5% vs. 85.8–87.2%), but a lower proportion with ≥1 T1 Gd+ lesions (13.6–16.2% vs. 33.3–35.5%) at baseline.


Table 1 | Baseline demographics and disease characteristics of patients in the ≤50 and >50 years age groups.




Table 2 | Nadir and ALC recovery in years 1 and 2 by age group.





Changes in ALC During 2 Years of Active Treatment With Cladribine Tablets 3.5 mg/kg

In both age groups, the Year 1 (Weeks 0–48) ALC nadir in patients treated with cladribine tablets 3.5 mg/kg occurred at Week 9 and Year 2 (Weeks 48–96) nadir occurred at Week 55 (7 weeks following start of Year 2 dosing; Figure 1A). The median (interquartile range [IQR]) ALC at Week 9 for the Age ≤50 and >50 groups was 1.05 (0.80, 1.30) x109 cells/L and 0.9 (0.72, 1.29) x109 cells/L, respectively; median ALC recovered to normal range (above the lower limit of normal [LLN] of 1.02 x109 cells/L) by end of Year 1 (Week 48; Table 2). The median (IQR) for the Age ≤50 and >50 groups at Week 55 were below LLN at 0.83 (0.60, 1.08) x109 cells/L and 0.79 (0.57, 1.0) x109 cells/L, respectively. This was followed by a gradual ALC recovery to normal range at the end of Year 2 (Week 96; Figure 1A).




Figure 1 | Absolute lymphocyte count and lymphocyte subset levels over time (Week 0–96) from first dose of cladribine tablets 3.5 mg/kg or placebo by age, ≤50 years and >50 years. (A) absolute lymphocyte count, (B) CD19+ B, (C) CD4+ T, and (D) CD8+ T lymphocyte subsets. Notes: Treatment weeks are indicated by black arrows. Only visits with a sample size ≥10 are shown (On the lymphocyte subset graphs no data plotted for Age ≤50: Placebo [Weeks 36 and 55]; Age >50: Placebo [Weeks 36, 55, 60 and 84]; Age >50: CladT3.5 [Week 55]). Reference line (red) in (A) corresponds to ALC lower limit of normal of 1.02 x 109/L. Reference line (red) in (B–D) corresponds to lower limit of normal of 100, 350 and of 200 cells/µL, for CD19+ B, CD4+ T and CD8+ T lymphocytes, respectively. ALC, absolute lymphocyte count; CladT3.5, cladribine tablets 3.5 mg/kg; IQR, interquartile range.





Effects of Cladribine Tablets 3.5 mg/kg on Lymphocyte Subsets

In both study years, a decrease in the levels of CD19+ B, CD4+ T and CD8+ T lymphocytes was observed with cladribine tablets 3.5 mg/kg treatment in both age groups; median lymphocyte levels recovered to normal range by the end of each study year.


CD19+ B Lymphocytes

For both age groups, following treatment with cladribine tablets 3.5 mg/kg, the Year 1 nadir for CD19+ B lymphocyte levels occurred at Week 9 and was below LLN; median (IQR) for Age ≤50 and >50 groups were 20 (10, 38) cells/μL and 13 (8, 24) cells/μL, respectively. CD19+ B lymphocyte levels recovered to normal range by Week 36 (Figure 1B; Supplementary Table 1). Year 2 nadir for CD19+ B lymphocytes occurred at Week 52 (4 weeks following start of Year 2 treatment; median [IQR] for Age ≤50: 31 [20, 58] cells/μL; Age >50: 33 [18, 78] cells/μL; both below LLN), with recovery to normal levels by Week 96.



CD4+ T Lymphocytes

Following treatment with cladribine tablets 3.5 mg/kg, Year 1 nadir for CD4+ T lymphocytes occurred at Week 16; median (IQR) for the Age ≤50 and Age >50 groups were 391 (290, 584) cells/µL and 377 (302, 538) cells/µL, respectively. A small increase was observed in CD4+ T lymphocytes after Week 16, and levels remained in the normal range until end of Year 1. In Year 2, nadir for CD4+ T lymphocytes was below LLN in both age groups: median (IQR) was 281 (206, 410) cells/µL for the Age ≤50 group at Week 60 (12 weeks following start of Year 2 treatment) and 250 (189, 423) cells/µL for the Age >50 group at Week 72 (24 weeks following start of Year 2 treatment); levels gradually increased and reached normal range by Week 96 (Figure 1C; Supplementary Table 2).



CD8+ T Lymphocytes

Following treatment with cladribine tablets 3.5 mg/kg, Year 1 nadir for CD8+ T lymphocytes occurred at Week 16 (median [IQR]: 260 [151, 383] cells/µL) in the Age ≤50 group and remained in the normal range. In the Age >50 group, Year 1 nadir occurred at Week 9 (median [IQR]: 191 [120, 215] cells/µL), and recovered to the normal range by end of Year 1. Year 2 nadir occurred at Week 72 (24 weeks following start of Year 2; median [IQR]: 233 [160, 336] cells/µL) in the Age ≤50 group. In the Age >50 group Year 2 nadir occurred later at Week 96 (48 weeks following start of Year 2; median [IQR]: 199 [156, 389] cells/µL). CD8+ T lymphocytes remained in the normal range in Year 2 (Figure 1D; Supplementary Table 3).




Grade ≥3 Lymphopenia


Incidence of Grade ≥3 Lymphopenia Over 96 Weeks

In Year 1, following treatment with cladribine tablets 3.5 mg/kg, Gr≥3L was reported in 8.3% and 10.0% of patients in the Age ≤50 and >50 groups, respectively; in Year 2, this increased to 18.7% and 20.0% (Table 3). Grade 4 lymphopenia did not occur with cladribine tablets 3.5 mg/kg in Year 1; in Year 2, two (0.3%) patients in the Age ≤50 group and one (1.0%) patient in the Age >50 group experienced Grade 4 lymphopenia. Through Week 96, the overall incidence of Gr≥3L in patients treated with cladribine tablets 3.5 mg/kg was 25.2% (205/813) in the Age ≤50 group and 27.3% (30/110) in the Age >50 group; the mean (standard deviation [SD]) number of Gr≥3L episodes per patient in the respective age groups were 1.6 (1.1) and 1.9 (1.0). Figure 2 shows the time to onset of first Gr≥3L in the Age ≤50 and >50 groups.


Table 3 | Incidence of Grade ≥3 lymphopenia in years 1 and 2 by age group.






Figure 2 | Time to first episode of Grade ≥3 lymphopenia with cladribine tablets 3.5 mg/kg by age group.





Time to Recover From Grade ≥3 Lymphopenia

Median (95% CI) time to improvement from Gr≥3L to Grade ≤2 lymphopenia was 5.7 (5.3, 6.1) weeks in the Age ≤50 group and 6.4 (5.3, 8.9) weeks in the Age >50 group. Among patients with Gr≥3L, 87.3% (179/205) in the Age ≤50 group and 80% (24/30) in the Age >50 group remained in the study for 96 weeks. However, whether lymphopenia was the reason for discontinuation in 12.7–20% of patients could not be established given the challenge of retrospectively applying a consistent definition for study discontinuation across different clinical trials.




Viral and Bacterial Infections in Patients With Grade ≥3 Lymphopenia

The overall incidence of viral and bacterial infections in patients with Gr≥3L following cladribine tablets 3.5 mg/kg treatment was 19.71 (16.28–23.87) and 23.78 (14.78–38.25) Adj-TEAE/100PY (95% CI) for the Age ≤50 and Age >50 groups, respectively (Table 4). The most common viral and bacterial infections with cladribine tablets 3.5 mg/kg treatment were (Age ≤50 vs. Age >50 in Adj-TEAE/100PY [95% CI]): viral upper respiratory tract infection (RTI; 6.43 [4.84–8.53] vs. 4.73 [1.97–11.36]), influenza (3.72 [2.62–5.29] vs. 4.83 [2.01–11.60]), upper RTI (3.36 [2.32–4.86] vs. 4.60 [1.92–11.06]), and herpes zoster (0.76 [0.36–1.59] vs. 3.37 [1.27–8.99]; Table 4). In both age groups viral and bacterial infections in patients who received cladribine tablets 3.5 mg/kg were mild to moderate in severity with the exception of one patient in the >50 age group who experienced severe pneumonia and bronchitis (Supplementary Table 4).


Table 4 | TEAEs of viral and bacterial infections in years 1 and 2 among patients who reported Grade ≥3 lymphopenia.






Discussion

The immune system undergoes significant remodeling during aging due to immunosenescence. Studies characterizing the impact and efficacy of DMTs in older patients with MS are limited. Results from this post hoc exploratory analysis demonstrated that cladribine tablets 3.5 mg/kg had a similar effect on ALC and lymphocyte subsets in both older and younger patients over 2 years of treatment. In both groups, ALC and levels of lymphocyte subsets decreased in the weeks following cladribine tablets 3.5 mg/kg dosing in both treatment years, and then gradually increased back to normal levels. Additionally, the incidence and duration of Gr≥3L with cladribine tablets 3.5 mg/kg was similar in both younger and older patients with MS.

Decreases in ALC and lymphocyte subsets have been observed in MS patients treated with DMTs such as interferons, dimethyl fumarate (DMF), and alemtuzumab (22). In an integrated analysis of 2470 patients with MS treated with DMF, Gr≥3L lasting ≥6 months was observed in 2.2% of patients (23). Marked reductions of lymphocyte subsets have been observed following infusion of alemtuzumab, an anti-CD52 monoclonal antibody, with a near-complete depletion of ALC, CD19+ B, CD4+ T, and CD8+ T lymphocytes observed (24, 25). Recovery to normal range after alemtuzumab infusion may take from 8 months (B lymphocytes) to nearly 3 years (T lymphocytes) (26). Lymphopenia is an anticipated effect of cladribine tablets due to its mechanism of action; however, recovery of ALC and lymphocyte subsets (CD19+ B and CD4+ T) following reduction due to cladribine tablets starts soon after nadir, reaching normal levels within 36–48 weeks of the start of Year 2 treatment; CD8+ T lymphocytes did not fall below LLN (4). The results from this post hoc analysis showed similar trends in both ALC and levels of lymphocyte subsets with recovery to normal ranges occurring by the end of the treatment year in both age groups.

A potential concern associated with lymphocyte depletion for some DMTs, especially in older patients, is an increased risk of opportunistic infections such as PML caused by the John Cunningham virus (JCV). In a multinational cohort of patients with MS, the seroprevalence of JCV increased from 49.5% in patients <30 years to 66.5% in patients over 60 years (27). It has been reported that patients with MS over 50 years of age are at greater risk for developing PML following fingolimod and DMF treatment (18). Older age at the start of natalizumab treatment may lead to a shorter time to onset of PML (28). The additive effects of immunosenescence, as well as natalizumab-induced narrowing of the T cell receptor repertoire and reduction of lymphocyte subsets, have been attributed to this shorter time to PML onset with increasing age (18). No cases of PML have been reported with cladribine tablets to the present date (3). In a prior post hoc analysis of patients treated with cladribine tablets 3.5 mg/kg in the monotherapy oral cohort (median age ~36 years), an increased frequency of infections was observed during periods of Gr≥3L; the type of infection events in patients with Gr≥3L did not differ from those occurring outside these episodes (4). This post hoc analysis explored the incidence and nature of TEAEs of viral and bacterial infections by age among patients treated with cladribine tablets 3.5 mg/kg who reported Gr≥3L. In this analysis, approximately a quarter of patients treated with cladribine tablets 3.5 mg/kg from each age group experienced at least one episode of transient Gr≥3L. Among patients with Gr≥3L, the rate of certain infection-related TEAEs was numerically higher in older versus younger patients: influenza (4.83 vs. 3.72 Adj-TEAE/100PY), upper RTI (4.60 vs. 3.36), and herpes zoster (3.37 vs. 0.76). The noticeably higher rate of herpes zoster reactivation observed in the Age >50 group is consistent with previous studies, in which viral reactivations were observed in older patients (12, 20).

The current analysis had some limitations. First, it is a post hoc analysis of data from previous Phase 3 trials that were not powered to evaluate differences between the younger and older patient groups. Second, most patients (~80%) in this study were treatment naïve prior to study enrollment, which is an unlikely scenario in older patients in the real world. As older patients with MS in the real world are likely to have received prior DMTs, it is unclear how immunosenescence and prior DMT use might impact the effect of cladribine tablets in these patients; this is a subject that requires further research. Recently published real-world studies of cladribine tablets patients (mostly non-elderly) who switched from another DMT showed that cladribine’s effect on lymphocyte changes and clinical and magnetic resonance imaging outcomes were broadly similar in those who were previously untreated compared with those previously treated with DMF, fingolimod, beta-interferons, glatiramer acetate, or teriflunomide (29, 30). Adverse events were also shown to be similar in a small group of patients treated with cladribine, ocrelizumab or rituximab after immediate prior natalizumab use. The effect of cladribine tablets after natalizumab is the subject of ongoing Phase 4 CLADRINA trial (NCT04178005). Third, the Age >50 group was notably smaller than the Age ≤50 group (185 vs. 1379); as Adj-TEAE/100PY is based on exposure years, a low sample size will lead to reduced exposure time, which will impact TEAE adjustment. Additionally, TEAE data were not adjusted for duration of a Gr≥3L episode and should be interpreted with caution. Fourth, our analysis of older patients was limited by the fact that the CLARITY study included patients only up to 65 years of age at baseline. In the general population more notable declines in immune response have been reported in people over 65 years of age and these have been associated with a higher vulnerability to infections (31, 32). Fifth, it is important to note that the term ‘immunosenescence’ refers to a quantitative and qualitative decline in immune function with age (33). With aging, there is a marked decline in the production of lymphocytes in the thymus and bone marrow (34). Additionally, qualitative impairments in lymphocytes such as a restricted receptor diversity in T and B cells, and reduced humoral responses against new antigens also occur with aging; these changes contribute to weakened immune response with age (33, 34). Lymphocytes from younger versus older individuals also show distinct gene expression signatures, such as an altered expression of chemokine and cytokine receptors (35). While this current analysis focused on the quantitative differences in lymphocytes among patients treated with cladribine tablets or placebo, qualitative differences in these lymphocytes were not measured. Finally, circulating lymphocytes constitute only ~2% of the total lymphocyte population and, therefore, may not accurately reflect changes that occur within the CNS (22).



Conclusion

The findings of this post hoc analysis of data from Phase 3 studies of cladribine tablets 3.5 mg/kg (CLARITY, CLARITY Extension and ORACLE-MS) demonstrate that cladribine tablets 3.5 mg/kg had a similar effect on ALC, and lymphocyte subsets (CD19+ B, CD4+ T and CD8+ T) in younger and older patients during 2 years of treatment; steady recoveries following nadir were noted in both age groups. The incidence of transient Gr≥3L following treatment with cladribine tablets 3.5 mg/kg was similar between age groups, with ~25% of patients in either group experiencing at least one episode of Gr≥3L. Among patients treated with cladribine tablets 3.5 mg/kg who experienced at least one episode of Gr≥3L, the rate of certain infection-related TEAEs was numerically higher in the older versus younger patient group.
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ALC (x10%/L),
median (IQR)

Baseline
n
ALC

Year 1
Week 97°, n
ALC

Week 48°°, n
ALC

Year 2
Week 55*°, n
ALC

Week 96°°, n
ALC

Age <50 years

Placebo
(N=566)

565
1.91
(1.57,2.33)

535
1.90
(1.56, 2.29)
351
1.87
(1.54, 2.25)

251
1.90
(1.56, 2.33)
379
1.90
(1.54,2.27)

CladT3.5
(N=813)

811
1.86
(1.52, 2.29)

766
1.05
(0.80, 1.30)
511
1.21
(0.95, 1.50)

478
083
(0.60, 1.08)
573
1.04
(0.80, 1.34)

Age >50 years

Placebo
(N=75)

75
1.95
(1.80, 2.31)

72
1.85
(1.48,2.27)
44
1.93
(1.51,2.36)

29
1.95
(1.59, 2.50)
60
1.93
(1.46, 2.41)

CladT3.5
(N=110)

110
1.89
(1.58, 2.41)

107
0.90
(0.72,1.29)
76
1.24
(1.0,1.52)

60
0.79
(0.57,1.0)
9%
1.06
(0.85,1.29)

Lower imit of normal = 1.02 x10%/L.

“Nadiir for ALC in patients treated with CladT3.5.
®Recovery of ALC in patients treated with CladT3.5.
“Week number represents time from start of the study.

ALC, absolute lymphocyte count; CladT3.5, cladribine tablets 3.5 mg/kg, cumulative dose over 2 years;

IQR, interquartile range.
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Patients, n (%)

Any viral or bacterial
infections
Viral upper RTI
Influenza

Upper RTI

Herpes zoster

Age <50 years

Age >50 years

Placebo
(N=9)

4 (44.4)
0
1(11.9)

2(22.2)

Adj-TEAE/100PY CladT3.5

(95% CI) (N=205)
9.67 105 (51.2)
(3.63-25.76)
0 48 (23.4)
(0-6.16)
1.93 31 (15.1)
(0.27-13.67)
3.92 28 (13.7)
(0.98-15.68)
0 7(3.4)
(0-6.16)

Adj-TEAE/100PY
(95% CI)

19.71
(16.28-23.87)
6.43
(4.84-8.59)
372
(2.62-5.29)
3.36
(2.32-4.86)
0.76
(0.36-1.59)

Placebo
(N=1)

0

0

Adj-TEAE/100PY

(95% Cl)

0
(0-46.95)
0
(0-46.95)
0
(0-46.95)
0
(0-46.95)
0
(0-46.95)

CladT3.5
(N=30)

17 (56.7)
5(16.7)
5(16.7)
5(16.7)

4(13.3

Adj-TEAE/100PY
(95% CI)

2378
(14.78-38.25)
473
(1.97-11.36)
4.83
(2.01-11.60)
4.60
(1.92-11.06)
337
(1.27-8.99)

Only TEAEs with >3 Adj-TEAE/100PY are shown.
Adj-TEAE/100PY, Adjusted-TEAE/100 patient-years; Cl, confidence interval; CladT3.5, cladribine tablets 3.5 mg/kg, cumulative dose over 2 years; RTI, respiratory tract infection; TEAEs,

treatment-emergent adverse events.





OEBPS/Images/table3.jpg
Patients, n (%) Age <50 years Age >50 years

Placebo CladT3.5 Placebo

(N=566) (N=813) (N=75)
Year 1, n 566 808" 75
Grade >3, n (%) 2(0.4) 67 (8.3) 0
Year 2, n 516 743 68
Grade >3, n (%) 1(0.2) 139 (18.7) 0

*5 patients did not have post baseline values.
CladT3.5, cladribine tablets 3.5 mg/kg, cumulative dose over 2 years.

CladT3.5
(N=110)

110
11 (10.0)
105
21 (20.0)
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Age <50 years Age >50 years

Placebo (N=566) CladT3.5 (N=813) Placebo (N=75) CladT3.5 (N=110)
Age, years, mean (SD)
Mean (SD) 34.9 8.0 34.7 (8.4) 54.3 (3.1) 54.6 (3.7)
Median (range) 35.1 35.2 54.0 53.7
(18-50) (18-50) (50-64) (50-65)
Female, n (%) 367 (64.8) 531 (65.3) 57 (76.0) 81 (73.6)
Disease duration, years, median (range) 6.4 6.6 127 11.4
0.4-31.3 0.3-32.8)° (0.5-39.5)° 0.4-42.3°
<3 years, n (%) 90 (24.5) 125 (21.5) 7 (10.3) 8(7.8)
3-10 years, n (%) 172 (46.9) 291 (50.0) 22 (32.4) 34 (33.0)
>10 years, n (%) 105 (28.6) 166 (28.5) 39 (57.4) 61(59.2)
Prior use of DMT
No DMTs 450 (79.5) 650 (80.0) 60 (80.0) 89 (80.9)
1 DMT 91 (16.1) 128 (15.7) 11 (14.7) 16 (14.5)
>2 DMTs 25 (4.4) 35 (4.3 4(6.3) 5(4.5)
Number of relapses at baseline
(12 months prior to study entry), n (%)
0 201 (35.5) 382 (47.0) 7(9.3) 37 (33.6)
1 254 (44.9) 305 (37.5) 52 (69.3) 58 (52.7)
>2 111 (19.6) 126 (15.5) 16 (21.3) 15 (13.6)
EDSS at baseline, median (range) 2.0 2.0 35 35
(0-5.5) (0-6.5) (1.0-5.5) (0-6.5)
Number of T1 Gd+ lesions at baseline, mean (SD) 0.9 2.3° 1.2 (3.4)f 0.3 (0.9° 0.3(1.0)
No lesions, n (%) 377 (66.7) 524 (64.5) 62 (83.8) 95 (86.4)
>1 lesion, n (%) 188 (33.3) 288 (35.5) 12 (16.2) 15 (13.6)
Number of T2 lesions at baseline, mean (SD) 27.7 (22.09° 30.1 (22.9) 21.9 (14.0° 26.2 (13.3)
<9 T2 lesions, n (%) 80 (14.2) 104 (12.8) 11 (16.1) 6(5.5)
>9 T2 lesions, n (%) 485 (85.8) 708 (87.2) 62 (84.9) 104 (94.5)
T2 lesion volume (cm®), mean (SD) 10.6 (12.2)° 11.9 (14.0 12.8 (12.2¢° 16.3 (18.8)

*n=367, *n=582, °n=68, °n=103, *n=565, 'n=812, In=74.
CladT3.5, cladribine tablets 3.5 mg/kg, cumulative dose over 2 years; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; Gd+, gadolinium enhancing;
SD, standard deviation.





