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Idelalisib, a specific inhibitor of the delta isoform of phosphatidylinositol 3 kinase (P13K$,
is approved with rituximab for the therapy of relapsed refractory patients with CLL in the
United States and Europel: 2. Idelalisib has been associated with a characteristic pattern of
toxicities that include transaminase elevation, diarrhea/colitis, pneumonitis and rash? 4.
Transaminase elevation (TAE) has been observed in all CLL clinical trials involving
idelalisib, with company-sponsored studies showing rates of grade 3+ elevations ranging
from approximately 10%°7 to 41%8. Cross-study comparison has suggested that these
toxicities tend to be more frequent among previously untreated patients®. This trend was
particularly notable in an investigator-sponsored study at Dana-Farber Cancer Institute, in
which grade 3—4 transaminitis occurred early in more than 50% of untreated patients with
CLL receiving single agent idelalisib prior to planned addition of ofatumumab two months
later. Risk factors for transaminitis in that small study included younger age < 65 and
mutated IGHV, which together explained almost all of the risk for this event*. We undertook
the present study in order to understand risk factors for grade 3 or higher TAE across all
fully enrolled, Gilead sponsored phase 2 and 3 studies, involving 853 total patients.
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Data were included from all patients who received at least 1 dose of idelalisib in any of 6
phase 2 or 3 studies (Supplementary Table 1), three for treatment naive (TN) and three for
relapsed/refractory (R/R) CLL. Patients with underlying liver disease or elevated liver
function tests were excluded from these trials. The following variables were analyzed in
univariable and multivariable analysis: age, prior therapy (Y vs N), combination with
bendamustine plus rituximab (BR; Y vs N), del(17p) (Y vs N), and IGHV status (mutated vs
unmutated). In addition, association of transaminase elevation with specific other drug
exposures (allopurinol, acetaminophen, trimethoprim-sulfamethoxazole and acyclovir) was
assessed by assuming a potential association if the first occurrence of any grade TAE that
was continuous with the grade 3 event occurred within 7 days of exposure to the
concomitant medication.

A total of 853 patients were enrolled and treated with idelalisib (Supplementary Table 1) and
comprise the safety analysis set (SAS). The median age was 67 y (range: 37-90), and the
median number of prior regimens among relapsed refractory patients was 3 (range: 1-13).
The median exposure to idelalisib was 10.8 mo across the entire SAS (range: <1 — 60.3
mos). The incidence of grade 3 or higher TAE ranged from 9.1% in study 116 to 41% in
study 133 (IDELA+R in treatment naive (TN) del17p; Supplementary Table 1). For
comparison, the incidence of grade =3 TAE across the placebo groups of the R/R studies
was 2.2% overall, 3.8% for BR, and 1.1% for non-BR—containing regimens (Supplementary
Table 1). As previously suggested, TN patients (n=363) were at greater risk than R/R
patients (n=490) (Figure 1A; HR=2; log rank p<0.0001). Of those patients experiencing
grade >3 TAE, however, the median time to onset was similar, at 7.6 weeks among TN and 8
wks among R/R. The other risk factors were then evaluated separately in the TN and R/R
groups, as well as in the entire SAS. Significantly and progressively increased risk was
found in younger patients by decile of age, in the entire dataset (Figure 1B, p=0.01) and in
the relapsed refractory cohort (Figure 1C; log rank p=0.001). In the entire SAS, a trend
toward a significant effect of BR was also seen (p=0.08) (Supplementary Figure 1A). When
the analysis was limited to R/R patients, treatment with BR was more significant (incidence
rate, 23% vs 11%; Supplementary Figure 1B; log rank p=0.0005); although patients
receiving BR were younger, the increased risk was seen across the age ranges. Neither
del(17p) (p=0.12) nor IGHV mutation status (p=0.24) was a significant predictor of grade 3
or higher TAE in the entire SAS (Supplementary Figures 1C and 1D). When this analysis
was limited to the TN population, however, del(17p) became significant (39 vs 26%; p=0.02;
Supplementary Figure 1E), although this observation was driven by the very high rate of
both del(17p) and TAE in study 133 and should therefore be interpreted with caution. All
other univariate analyses yielded p-values greater than 0.05.

A multivariable analysis was performed to assess the contributions of age, prior therapy,
del(17p), IGHV mutation status, concomitant BR and their interactions, to risk of grade 3 or
higher TAE across these studies (Table 1). Prior therapy was protective, with HR 0.47
(p<0.001), while younger age was associated with increased risk, with those <55 yrs having
HR 2.64 compared to those 75 yrs or older (p=0.003). No other factors were significant.
Furthermore, a simple comparison of frequency of exposure to key concomitant medications
did not suggest an association with grade 3 TAE (Supplementary Table 2).
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In this analysis of risk factors for idelalisib-related hepatotoxicity across the Gilead program
of sponsored phase 2 and phase 3 trials, we again identify that absence of prior therapy as
well as younger age are the two primary risk factors®. Furthermore, the risk associated with
younger age is progressive with decade. This observation is striking, as it is the opposite of
what is observed for most other therapeutic toxicities, where adverse events are typically
worse in more heavily pretreated, older patients. This pattern is certainly consistent with an
immune-mediated mechanism, as previously suggested by Lampson et al., who reported an
activated CD8 T cell infiltrate in the liver and found that toxicity was associated with a
decrease in regulatory T cells in the peripheral blood. Why the association with mutated
IGHV is not seen in this analysis is not clear, as study 133 showed a trend toward higher risk
with mutated IGHYV, similar to what was seen in Lampson et al.8. This association is
hypothesized to be related to the immune milieu of patents with mutated vs unmutated
IGHV, and may therefore be more evident in previously untreated patients or in patient
populations with high rates of TAEs, as in the two prior studies that suggested this
association. Ongoing work will be required to further elucidate the validity and mechanism
of this association.

In this study, we have validated clinically relevant predictors of risk for autoimmune effects
of idelalisib — younger age and no prior therapy — which can be used to guide clinical
decision-making at present. The effect of younger age is progressive, but in Lampson et al.4,
in the untreated setting, all patients under 65 developed significant toxicity requiring steroids
and drug hold. In contrast, in the phase 1 study of idelalisib®, in which most patients had had
several prior courses of chemoimmunotherapy, safety was significantly better despite a
median age of 62.5. Thus, the risk factors of age and prior therapy likely interact.
Additionally, as patients with CLL increasingly receive only targeted agents like BTK or
BCL-2 inhibitors, the impact of these therapies on risk of autoimmune side effects with
P13KS5 inhibitors remains entirely unknown and will need to be characterized in future work.
Whether these risk factors apply to other PI3K§ inhibitors or in lymphoma patients also
remains to be determined in future work. As initial guidance, though, we believe our data
convincingly demonstrate the impact of patient age and prior therapy on risk of transaminase
elevation in CLL patients treated with idelalisib.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Kaplan-Meier Curve of First Onset of Grade 3 or Higher Transaminase Elevation
Among 853 Patients Treated with Idelalisib, by Significant Risk Factor.

A. Previously untreated (31.7%) vs previously treated (17.6%) (p<=0.0001). B-C. By age, in
ten year increments. B. Entire dataset (p=0.01). C. Relapsed refractory patients, N=490

(p=0.001).
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Table 1.

Multivariable Analysis of Risk Factors for Grade 3 or Higher Transaminase Elevation
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Variable HR (95% CI) p-Value
Prior therapy
Yes 0.47 (0.35,0.63) | <0.001
Age,y”
<55 2.64 (1.50,4.63) | 0.003
255t0<65 | 1.77 (1.07, 2.91)
>65t0<75 | 1.36(0.84,2.21)

*
Factors considered: IGHV mutation, del(17p), age, combination with BR, prior therapy, and their interactions

+Compared with 275 y.

Cl, confidence interval; HR, hazard ratio
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