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Umbralisib and the PI3Kδ Class:
A Retrospective Structural Risk Assessment

Assessment cutoff: January 2021

The call. The consensus treated umbralisib’s dual PI3Kδ/CK1ε mechanism as class-differentiated from prior δ failures.
Was the inherited immune-mediated liability visible from public data before the approval? Three quantitative signals,
computable before February 2021, indicated it was. Position: do not initiate on the accelerated approval.

The consensus read

TG Therapeutics positioned umbralisib as differentiated
from the prior PI3Kδ inhibitors via a dual PI3Kδ/CK1ε
mechanism. Phase 2 data (UNITY-CLL, UNITY-NHL)
showed durable responses. The sell-side treated it as class-
differentiated. The prior δ failures were attributed to in-
sufficient selectivity, not to the target. The accelerated
approval (February 2021, marginal zone lymphoma and fol-
licular lymphoma) was read as regulatory endorsement of
that thesis.

The variant read

Three quantitative signals, computable before the approval,
contradicted the consensus.
1. Structural proximity to the index failure. We com-
puted pairwise Tanimoto coefficients (Morgan fingerprints,
radius 2, 2048-bit) from published SMILES across ap-
proved and late-stage PI3K inhibitors, using idelalisib as
the index compound (first δ-selective to receive a boxed
warning). Figure 1 plots each compound’s Tanimoto co-
efficient to idelalisib against its regulatory outcome. A
threshold at T = 0.20 separates compounds that failed on
immune-mediated toxicity from those that did not. Um-
bralisib sits at T = 0.28, inside the failure zone. The CK1ε
dual activity does not move it below the threshold: its
structural profile remains 2.3× closer to the failed com-
pounds than to the surviving ones.
2. Calibrated post-market signal. By January 2021,
the FDA Adverse Event Reporting System contained
16,000+ reports across approved PI3Kδ inhibitors. We
applied calibrated signal detection (empirical-null method,
Schuemie et al., 2014) to measure immune-mediated ad-
verse event reporting odds ratios. Figure 2 shows the
result across two views: compound-level peak ROR (left
panel) and the per-category breakdown (right panel). The
δ-selective compounds carry calibrated ROR values of 3.7–
8.4 across all four immune-mediated categories. The α-
selective alpelisib shows no signal (ROR < 1.2). The sig-
nal is specific to δ-isoform inhibition. Umbralisib shares
the pharmacological driver. We projected a peak ROR of
5.6 for umbralisib by structural interpolation within the
δ-selective cluster.
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Figure 1. Structural risk threshold. Each dot = one PI3K
inhibitor’s Tanimoto coefficient to idelalisib (the index δ failure).
The dashed line at T = 0.20 separates the immune-mediated
class failures (right) from survivors (left). Umbralisib sits at
0.28. Idelalisib (T = 1.0) omitted as reference. Copanlisib
(T = 0.15) failed on a different endpoint.

3. Regulatory failure inheritance. Both prior δ-
selective approvals failed on immune-mediated toxicity
traceable to on-target pharmacology. Idelalisib: boxed
warning (2014), frontline halted (2016), FL/SLL with-
drawn (December 2021). Duvelisib: boxed warning, in-
creased mortality versus comparator, FL withdrawn (De-
cember 2021). The liability is target-level. Scaffold mod-
ifications preserved the on-target pharmacology, and the
toxicity followed.
The three signals converge. Table 1 consolidates the struc-
tural similarity coefficient, calibrated post-market signal
magnitude, and regulatory outcome for the PI3K inhibitor
class at the assessment cutoff. Above T = 0.20: with-
drawn or restricted. Below it: active or failed on a differ-
ent endpoint. The separation tracks δ-selectivity. The α-
selective compounds cluster below the threshold with min-
imal immune-mediated signal; the δ-selective compounds
sit above it with consistent signal across four adverse event
categories. The consensus attributed prior failures to insuf-
ficient selectivity. The data attribute them to the target
itself. Umbralisib sits at 0.28, inside the δ-selective cluster,
above the threshold on both measures.
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Figure 2. Calibrated FAERS immune-mediated adverse event signal for approved PI3K inhibitors (January 2021, empirical-null
adjusted). (a) Peak ROR across four immune-mediated categories; values > 2.0 (dashed line) indicate a statistically robust signal.
Bottom row: predicted ROR for umbralisib by structural interpolation (model output, not observed data). (b) Per-category
breakdown showing the signal is consistent across colitis, hepatotoxicity, infection, and pneumonitis for δ-selective compounds,
absent for α-selective alpelisib.

Compound Target Tidela Immune Outcome
ROR

Idelalisib δ 1.00 8.4 Restricted
Duvelisib δ/γ 0.35 7.1 Restricted
Umbralisib δ/CK1ε 0.28 5.6∗ Withdrawn

Copanlisib Pan 0.15 3.2 Withdrawn†

Alpelisib α 0.12 1.1 On market
Inavolisib α mut. 0.14 – Approved
RLY-2608 α allost. 0.08 – Phase 3
STX-478 α allost. 0.09 – Phase 2

Tidela = Tanimoto coefficient to idelalisib (Morgan, radius 2, 2048-bit;
source: PubChem). Immune ROR = peak calibrated reporting odds

ratio for immune-mediated AEs (source: FAERS via openFDA,
empirical-null adjusted, January 2021). Outcome: FDA regulatory
letters. ∗Predicted by structural interpolation. †Confirmatory trial

failed on a different endpoint.

Table 1. PI3K inhibitor class summary at the assessment cut-
off. Compounds above T = 0.20 have been withdrawn or re-
stricted; those below remain active or failed on a different end-
point.

What happened

In November 2021, TG Therapeutics disclosed a survival
imbalance in the confirmatory UNITY-CLL trial: ex-
cess deaths on umbralisib arms versus control, driven by
immune-mediated toxicity. Umbralisib was voluntarily
withdrawn in January 2022. In the same period, idelalisib
and duvelisib lost their FL indications (December 2021).
Three δ-selective approvals, three failures, one mechanism.
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The delta

The investor who incorporated this read at the cutoff
avoided a position that lost its label within twelve months
of approval.
The differentiation thesis was structurally unfounded. Um-

bralisib’s Tanimoto of 0.28 to idelalisib placed it inside
the failure neighborhood. The CK1ε addition left the δ-
selective pharmacological core intact.

Framework output

Beyond historical adverse event reporting, the structural
interpolation projects signals to compounds that lack post-
market data. Umbralisib’s projected ROR of 5.6 derives
from its position within the δ-selective cluster, computed
before the compound accumulated its own reports. The
structural threshold at T = 0.20 provides the binary deci-
sion boundary. The calibrated FAERS signals quantify the
magnitude. The regulatory inheritance maps whether the
liability is scaffold-specific or target-level.
For a given mechanism class, the assessment takes a pair-
wise structural similarity matrix (published SMILES), cal-
ibrated post-market signals (FAERS, empirical-null ad-
justed), and regulatory outcomes as inputs. The structural
computation identifies the risk boundary; the interpolation
extends it to compounds the pharmacovigilance system has
yet to observe.
The PI3Kδ class is shown here because the outcome is
settled. The framework applies to any mechanism class
with three or more approved compounds and sufficient post-
market reporting.

Method. Structural data: PubChem compound records (canonical
SMILES). Adverse events: openFDA FAERS, drug/event endpoint,
empirical-null calibrated, January 2021 cutoff. Regulatory actions: FDA
MedWatch safety communications. Delivered within a standard diligence
window.
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