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transformation: the phase 2 RT1 trial
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In patients with chronic lymphocytic leukemia, Richter transformation

(RT) reflects the development of an aggressive lymphoma that is associated
with poor response to chemotherapy and short survival. We initiated an
international, investigator-initiated, prospective, open-label phase 2 study
inwhich patients with RT received acombination of the PD-1inhibitor
tislelizumab plus the BTK inhibitor zanubrutinib for 12 cycles. Patients
responding to treatment underwent maintenance treatment with both agents.
The primary end point was overall response rate after six cycles. Of 59 enrolled
patients, 48 patientsreceived at least two cycles of treatment and comprised
the analysis population according to the study protocol. The median
observation time was 13.9 months, the median age was 67 (range 45-82) years.
Ten patients (20.8%) had received previous RT-directed therapy. Intotal, 28
outof 48 patients responded toinduction therapy with an overall response
rate of 58.3% (95% confidence interval (Cl) 43.2-72.4), including 9 (18.8%)
complete reponse and 19 (39.6%) partial response, meeting the study’s primary
end point by rejecting the predefined null hypothesis of 40% (P= 0.008).
Secondary end pointsincluded duration of response, progression-free survival
and overall survival. The median duration of response was not reached, the
median progression-free survival was 10.0 months (95% C13.8-16.3). Median
overall survival was not reached with a12-month overall survival rate of 74.7%
(95% Cl158.4-91.0). The most common adverse events were infections (18.0%),
gastrointestinal disorders (13.0%) and hematological toxicities (11.4%). These
datasuggest that combined checkpoint and BTK inhibition by tislelizumab
plus zanubrutinib is an effective and well-tolerated treatment strategy for
patients with RT. ClinicalTrials.gov Identifier: NCT04271956.

Chroniclymphocytic leukemia (CLL) is classified asanindolent Bcell — aggressive lymphomadevelopingin patients with CLL, most commonly
non-Hodgkin lymphomaaccording to the World Health Organization  adiffuselarge B celllymphoma (DLBCL) or Hodgkin’s lymphoma (HL)*>.
classification and is the most common type of leukemiainadults. RT  Theincidencerates of RT among patients with CLL range from2to10%".
(also known as Richter’s syndrome) describes the development of an  RT canoccur atany time during the course of CLL, though occurrence
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Fig.1| CONSORT diagram of RT1. PD, progressive disease; AE, adverse event.

intreatment-naive CLL is less frequent thanin pretreated CLL. Patients
with RT have a dismal prognosis with chemoimmunotherapy such as
R-CHOP, with overall response rates (ORR) of <40% and median overall
survival of 6-8 months*°, Targeted therapies have the potential to
improve outcomes, but few prospective studies have been run in this
entity sofar. Previous reports suggested efficacy of monotherapy with
checkpointinhibitors, BTK inhibitors, BCL-2 inhibitors and PI3K inhibi-
tors®°, but sample sizes were limited and potentially underpowered
for conclusive results.

Programmed cell death protein 1 (PD-1) is an important
immune-checkpoint receptor that is predominantly expressed on
activated T cells and transmits inhibitory signals into T cells after
ligation with PD-L1or PD-L2 on malignant cells and the tumor microen-
vironment™", Immunotherapy via blockade of PD-1or PD-L1 has dem-
onstrated high efficacy and has become an established component for
thetherapy of multiple cancers®"*. Inthe context of RT, PD-1expression
hasbeenreported asacommon feature” and several preclinical mod-
els have suggested a susceptibility of RT to checkpoint inhibition'®".

Though checkpointinhibitors are promising candidates for treat-
ment of RT, single-agent treatment with PD-1inhibitors did not prevent
progression of CLL'®, suggesting that acombinational approach might
beneededtotargetboththe aggressive andindolent components of RT.

BTK inhibitors have become a cornerstone of CLL therapy, as B
cell receptor (BCR) signaling is a key dependency of CLL cells that is
required to sustain prosurvival signals from the microenvironment™.
Several BTK inhibitors are available for the treatment of CLL and have
demonstrated good long-term efficacy®. In the context of RT, pre-
clinical models have demonstrated BCR signaling dependency that
suggests sensitivity to BCR inhibitors”. This was further substantiated
in translational studies that outlined the role of BCR signaling in RT

samples”?*; however, monotherapy of RT with BTK inhibitors such as
acalabrutinib or pirtobrutinib monotherapy offered only short-term
disease control, supporting the need for combination strategies®*.

Based on preclinical and translational data that suggested
immune-checkpointinhibition and BTK inhibition as possible vulner-
abilities of RT, we hypothesized that a combination of tislelizumab
and zanubrutinib could be an effective strategy to induce remissions
in patients with RT, who are treatment-naive or have received up to
one previousline of RT-directed therapy. Tislelizumabis ahumanized,
immunoglobulin G4-variant monoclonal antibody against PD-1that has
been explored in solid malignancies and has demonstrated low rates
ofimmune-related adverse events and good efficacy. Tislelizumab has
previously demonstrated efficacy in a variety of solid malignancies,
including in the first-line treatment of advanced non-small cell lung
cancer and esophageal cancer” 2. Zanubrutinib is a next-generation,
covalent BTK inhibitor that has demonstrated limited off-targeted
effects and thereby less toxicity and higher efficacy than the first-in
class BTK inhibitor ibrutinib in patients with relapsed or refractory
CLL29'30.

Here, we present data of the international, investigator-initiated
phase 2RT1trial,in whichthe PD-1inhibitor tislelizumab was combined
with the next-generation BTK inhibitor zanubrutinib to treat patients
with RT, with the objective to compare the ORR after six cycles with the
prespecified benchmark of 40%.

Results

Trial design and patients

Between 11 February 2020 and 2 January 2023, 65 patients were
screened, of which 59 were enrolled. Of those, two did not receive study
medication owing to death (one patient) and withdrawal of consent
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Table 1| Baseline patient characteristics

Table 1 (continued) | Baseline patient characteristics

Patient characteristics

Patient characteristics

All patients 48 Cytogenetic subgroups hierarchical order (according to 46
Dohner et al.*®), n (%)
Age (years) 48
Deletion 17p 10(21.7)
Median 67
Deletion 11q 4(8.7)
IQR 60-74 -
Trisomy 12 5(10.9)
Range 45-82 No abnormalities 19 (41.3)
Sex, n (%) 48 Deletion 13q 8(17.4)
Female 19 (39.6) Missing 2(4.2)
Male 29 (60.4) TP53 mutation status, n (%) 45
Time between CLL diagnosis and study registration 48 Unmutated 32(711)
(months)
Mutated 13(28.9)
Median 79 .
Missing 3(6.3)
IQR 49-136 TP53 status, n (%) 46
Time between RT diagnosis and study registration 48 None 30(65.2)
(months)
, Deleted and/or mutated 16 (34.8)
Median 0.7
Missing 2(4.2)
IQR 0.43-1.04
IGHV mutation status, n (%) 1M
Number of previous CLL-directed therapies 36
Unmutated 29 (70.7)
Median 3
Mutated 12(29.3)
Range -6 Missing 7(14.6)
Patients with previous CLL-directed therapies, n (%) 36 Serum thymidine kinase (UL) a7
Chemo(immuno)therapy 25 (69.4) Median 401
SCT 3(8.3) IQR 18.5-108.3
BTK/BCL-2 inhibitors 32(88.9) Serum B,-microglobulin (mgl™) 47
BTK inhibitor 24 (66.7) Median 3.8
BCL-2 inhibitor 22 (61.1) IQR 2.5-5.5
BTK + BCL-2 inhibitor 2(5.6) Complex karyotype, n (%) 38
Other 9(25.0) <3 aberrations 22(57.9)
Binet stage, n (%) 48 >3 aberrations 16 (42.1)
A 22 (45.8) Missing 10 (20.8)
B 8(167) CLL-IPIrisk group, n (%) 39
L 3(77
c 18 (375) o b
. Intermediate 11(28.2)
Severe constitutional symptoms, n (%) 48
High 10 (25.6)
No 28 (58.3)
Very high 15(38.5)
Yes 20 (41.7) e
Missing 9(18.8)
ECOG f tatus, n (% 48
COG performance status, n (%) RT features, n (%) 8
o 26(54.2) Previously untreated RT 38(79.2)
1 15(31.3) Previously treated with RT-directed therapy 10(20.8)
2 6(12.5) HL 2(4.2)
3 1(27) DLBCL 46(95.8)
CIRS total score 48 Non-GCB 14 (29.2)
Median 4 GCB 1(21)
IQR 2-7 Unknown 33(68.8)
CIRS total score, n (%) 48 Clonally unrelated 0(0.0)
<6 34 (70.8) Clonally related 26 (54.2)
>6 14(29.2) Unknown 22 (45.8)
LDH (UL) 48 Ki-67 (%) 31
Median 335 Median 70
IQR 209-584 AR 50-80
Patients with LDH>250 UL, n (%) 31(64.6) Cytogenetics, TP53 and IGHV status and complex karyotype status were derived from

peripheral blood and thus represent the CLL fraction.
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Table 2 | Adverse events

Max CTC grade 57
Adverse event 1-2 3 4 5 Total
Blood and lymphatic system disorders 7(12.3) 11(19.3) 9(15.8) 0(0.0) 27 (47.4)
Anemia 3(5.3) 8(14.0) 0(0.0) 0(0.0) 11(19.3)
Neutropenia 1(1.8) 4(7.0) 7(12.3) 0(0.0) 12 (21.7)
Thrombocytopenia 5(8.8) 1(1.8) 5(8.8) 0(0.0) 11(19.3)
Cardiac disorders 4(7.0) 1(1.8) 0(0.0) 0(0.0) 5(8.8)
Ear and labyrinth disorders 5(8.8) 0(0.0) 0(0.0) 0(0.0) 5(8.8)
Vertigo 5(8.8) 0(0.0) 0(0.0) 0(0.0) 5(8.8)
Eye disorders 7(12.3) 0(0.0) 0(0.0) 0(0.0) 7(12.3)
Gastrointestinal disorders 26 (45.6) 6(10.5) 0(0.0) 0(0.0) 32(56.1)
Abdominal pain 5(8.8) 0(0.0) 0(0.0) 0(0.0) 5(8.8)
Abdominal pain upper 5(8.8) 0(0.0) 0(0.0) 0(0.0) 5(8.8)
Diarrhea 13(22.8) 3(5.3) 0(0.0) 0(0.0) 16 (28.1)
Nausea 10 (17.5) 0(0.0) 0(0.0) 0(0.0) 10 (17.5)
General disorders and administration site conditions 28 (49.1) 2(3.5) 0(0.0) 0(0.0) 30 (52.6)
Fatigue 5(8.8) 0(0.0) 0(0.0) 0(0.0) 5(8.8)
Edema 5(8.8) 0(0.0) 0(0.0) 0(0.0) 5(8.8)
Edema peripheral 10 (17.5) 0(0.0) 0(0.0) 0(0.0) 10 (17.5)
Pyrexia 10 (17.5) 1(1.8) 0(0.0) 0(0.0) 11(19.3)
Immune system disorders 2(3.5) 3(5.3) 0(0.0) 0(0.0) 5(8.8)
Infections and infestations 21(36.8) 20 (35.1) 1(1.8) 3(5.3) 45 (78.9)
COVID-19 12(211) 1(1.8) 0(0.0) 0(0.0) 13(22.8)
Infection 0(0.0) 4 (7.0) 0(0.0) 0(0.0) 4 (7.0)
Nasopharyngitis 8(14.0) 0(0.0) 0(0.0) 0(0.0) 8(14.0)
Oral herpes 4 (7.0) 0(0.0) 0(0.0) 0 (0.0) 4 (7.0)
Urinary tract infection 3(5.3) 9(15.8) 0(0.0) 0(0.0) 12 (211)
Injury, poisoning and procedural complications 9(15.8) 1(1.8) 0(0.0) 0(0.0) 10 (17.5)
Infusion related reaction 5(8.8) 0(0.0) 0(0.0) 0(0.0) 5(8.8)
Investigations 13 (22.8) 3(5.3) 3(5.3) 0(0.0) 19 (33.3)
Blood creatinine increased 6 (10.5) 0(0.0) 0(0.0) 0(0.0) 6 (10.5)
Metabolism and nutrition disorders 7(12.3) 10 (17.5) 0(0.0) 0(0.0) 17 (29.8)
Hypokalemia 7(12.3) 2(3.5) 0(0.0) 0(0.0) 9(15.8)
Musculoskeletal and connective tissue disorders 17 (29.8) 4 (7.0) 0(0.0) 0(0.0) 21(36.8)
Arthralgia 6(10.5) 0(0.0) 0(0.0) 0(0.0) 6(10.5)
Back pain 5(8.8) 1(1.8) 0(0.0) 0(0.0) 6(10.5)
Nervous system disorders 13(22.8) 7(12.3) 0(0.0) 0(0.0) 20 (35.1)
Dizziness 7(12.3) 0(0.0) 0(0.0) 0(0.0) 7(12.3)
Headache 5(8.8) 0(0.0) 0(0.0) 0(0.0) 5(8.8)
Psychiatric disorders 7(12.3) 1(1.8) 0(0.0) 0(0.0) 8 (14.0)
Renal and urinary disorders 6 (10.5) 7(12.3) 0(0.0) 0(0.0) 13(22.8)
Reproductive system and breast disorders 2(3.5) 0(0.0) 0(0.0) 0(0.0) 2(3.5)
Respiratory, thoracic and mediastinal disorders 10 (17.5) 4(7.0) 0(0.0) 0(0.0) 14 (24.6)
Cough 6 (10.5) 0(0.0) 0(0.0) 0(0.0) 6 (10.5)
Epistaxis 4(7.0) 1(1.8) 0(0.0) 0(0.0) 5(8.8)
Skin and subcutaneous tissue disorders 23 (40.4) 1(1.8) 0(0.0) 0(0.0) 24 (42.)
Eczema 4(7.0) 0(0.0) 0(0.0) 0(0.0) 4(7.0)
Petechiae 6 (10.5) 0(0.0) 0(0.0) 0(0.0) 6 (10.5)
Pruritus 6(10.5) 0(0.0) 0(0.0) 0(0.0) 6(10.5)
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Table 2 (continued) | Adverse events

Max CTC grade 57
Adverse event 1-2 3 4 5 Total
Rash 10 (17.5) 1(1.8) 0(0.0) 0(0.0) 11(19.3)
Surgical and medical procedures 3(5.3) 0(0.0) 0(0.0) 0(0.0) 3(5.3)
Vascular disorders 8(14.0) 4(7.0) 0(0.0) 0(0.0) 12 (21.)
Hematoma 4(7.0) 0(0.0) 0(0.0) 0(0.0) 4(7.0)
Hypotension 3(5.3) 1(1.8) 0(0.0) 0(0.0) 4 (7.0)

(one patient) and nine discontinued study treatment within the first
two cycles owingto primary progressive disease (three patients), death
(one patient), adverse events (four patients) and non-compliance (one
patient). According to the study protocol, 48 patients who received at
least two cycles of study treatment, including at least one administered
dosein cycle three, comprised the analysis population (Fig. 1). The
primary end point was ORR at interim staging and the secondary end
pointsincluded ORR after consolidation therapy, duration of response
(DOR), progression-free survival (PFS), overall survival, time to next
treatment (TTNT) and safety. Post hoc analyses included ORR and
time-to-event parameters in the intention-to-treat (ITT) population,
ORRandPFSaccordingto previous RT-directed therapy and according
to previous BTK inhibitor exposure.

The median age was 67 (range 45-82) years, 29 (60.4%) patients
were male and 19 (39.6%) were female (Table 1). Twenty-two (45.8%)
patients had Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 1 or higher and the median cumulative illness rating
scale (CIRS) score was 4 (range 0-17). The median LDH at enrollment
was 335 U ™. Sixteen (34.8%) patients had del(17p)/TP53mut, whereas
29 (70.7%) patients had unmutated IGHV. Overall, 25 (64.1%) patients
had high or very high-risk CLL according to the chronic lymphocytic
leukemiainternational prognosticindex (CLL-IPI), 11 (28.2%) had inter-
mediate riskand 3 (7.7%) had low risk. Complex karyotype (=3 aberra-
tions) was detected in16 (42.1%) patients. A total of 46 (95.8%) patients
had DLBCL-RT and 2 (4.2%) patients had HL-RT. In those 26 patients
(54.2%) inwhom clonal relatedness was evaluated by immunoglobulin
heavy chain rearrangement analysis, all cases were reported as clon-
allyrelated to the CLL (22 (45.8%) were unknown). The DLBCL subtype
was evaluated in 15 patients with RT; 14 had a non-germinal center B
cell (GCB) type and1had a GCB type. The median Ki-67 index was 70%
(interquartile range (IQR) 50-80%). Overall, 36 (75.0%) patients had
received previous CLL-directed therapy, including chemoimmuno-
therapy (CIT; 25 patients) and targeted agents (32 patients) as well as
previous allogeneic stem cell transplant (SCT) in 3 patients. Of those
patients with previous targeted treatment, 24 had received previous
BTK inhibitor treatment, 22 patients had previous treatment with BCL-2
inhibitors and 2 patients had received previous combined BTK + BCL-2
inhibitor therapy (Table 1). Twelve (25.0%) patients had treatment-naive
CLL. Ten patients (20.8%) had received previous RT-directed therapy,
including R-CHOP-like regimens and one case of previous ibrutinib
treatment. A total of 38 (79.2%) patients had not received previous
RT-directed therapy (Table1).

With a data cutoff of 2May 2023, 19 patients were still under ongo-
ingtreatment (Fig.2). Overallmedian observation time was 13.9 months
(IQR 8.7-22.2) and median observation time for patients still alive was
12.0 months (IQR 8.4-22.1). The median number of treatment cycles
of tislelizumab was 9 (IQR 4-23) and of zanubrutinib 11 (IQR 5-25).

Efficacy end points

Twenty-eight of 48 patients responded toinduction therapy resulting
inan ORR of 58.3% (95% Cl 43.2-72.4), including 9 (18.8%) complete
response and 19 (39.6%) partial response, meeting the study’s primary
end point (P=0.008) by rejecting the predefined null hypothesis of 40%

(Fig.1).Stable disease was reportedin 6 (12.5%) patients and 14 (29.2%)
patients had progressive disease. The ORR as assessed according to the
refined Lugano criteriaagreed with the ORR according to iwCLL criteria.
The median DORwas not reached; the 6-month DOR rate was 70.6% (95%
C151.0-90.2; Fig. 3a). The median PFS was 10 months (95% C13.8-16.3)
with a 12-month rate of 46.9% (95% C129.4-64.5; Fig. 3b). The median
overall survival was notreached (12-month overall survival rate 74.7%,
95% C158.4-91.0) (Fig. 3¢c). All deaths were associated with disease
progression. The median TTNT, defined as time to initiation of a next
line of treatment with censoring of deaths, was 17.9 months (12-month
TTNT rate 58.5%, 95% C140.7-76.4)) and 12.5 months (12-month TTNT
rate 50.2%, 95% Cl 32.2-68.1) when defined as time to initiation of a
next line of treatment or death, whatever occurred first (Fig. 3d and
Extended Data Fig. 1). Three of 48 patients have not reached the end
of consolidation after 12 cycles so far. The ORR in the remaining 45
patients was 46.7% (95% CI 31.7-62.1) with a complete response in 10
patients (22.2%), partial response in11 patients (24.4%), stable disease
in3 patients (6.7%), progressive disease in 3 patients (6.7%) and missing
datain18 patients (40.0%, including 16 patients with discontinuation
of therapy before reaching the end of consolidation).

Post-protocol treatment included chemoimmunotherapy in 21
cases (50.0%), BTK/BCL-2 inhibition in 7 (16.7%) cases and 8 (19.0%)
allogeneic SCT (Extended Data Table1). SCT was conducted as consoli-
dation in two patients with partial response and as salvage treatment
for five patients with stable disease or progressive disease (one missing
response) (Fig. 2).

None of the assessed baseline clinical, serological or genomic
features was significantly associated with response or non-response
(Extended Data Table 2). In a univariate analysis, factors signifi-
cantly associated with shorter PFS were the presence of severe con-
stitutional symptoms, ECOG > 0, LDH, thymidine kinase and serum
B,-microglobulin (>3.5 mg ™). Shorter overall survival was associated
with Binet C, age, severe constitutional symptoms, LDH, thymidine
kinase and serum B,-microglobulin (>3.5 mg ™). Shorter DOR was
associated with presence of Binet C, LDH, TP53 deletion and/or muta-
tion, thymidine kinase and serum f3,-microglobulin (Extended Data
Tables 3-5).

The ORR in patients without previous RT-directed therapy was
57.9% (95% C140.8-73.7) and 60.0% (95% CI1 26.2-87.8) in patients with
previous RT-directed therapy. Patients without previous RT-directed
therapy had a12-month PFSrate 0f 43.5% (95% C123.2-63.9) and patients
with previous RT-directed therapy had a 12-month PFS rate of 60.0%
(95% C119.9-100.0) (Extended DataFig. 2a).

Patients without previous exposure to BTK inhibitors had an ORR
of 69.6% (95% Cl 47.1-86.8) and patients with previous BTK inhibitor
therapy had an ORR 0f 48.0% (95% C127.8-68.7). The 12-month PFSrate
in patients without previous BTK inhibitor therapy was 58.3% (95% CI
33.2-83.4) and 37.2% (95% C112.8-61.6) in patients with previous BTK
inhibitor therapy (Extended DataFig. 2b).

A post hoc analysis of all 59 eligible patients, including those not
receiving study treatment for at least two cycles (ITT population),
demonstrated an ORR of 47.5% (95% C134.3-60.9); both patients with
HL responded with a partial response. The median PFS of all eligible
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patients was 6.7 months (95% C12.3-11.0) with a12-month rate of 39.5%
(95% C123.8-55.3), median overall survival was not reached (12-month
overallsurvivalrate 65.7%,95% C149.3-82.0) and median TTNT was 17.9
months (12-month TTNT rate 55.4%, 95% C138.0-72.7) (Extended Data
Fig.3 and Extended Data Table 6).

Safety end points

For the safety analysis, all 57 included patients who had received at
least one dose of any study medication were considered. A total of 56
(98.2%) patients experienced at least one grade >1 adverse event dur-
ing the observation period. The most common adverse events of any
grade occurring during the observation period were gastrointestinal
disorders (56.1%), including diarrhea (28.1%) and nausea (17.5%), general
disorders (52.6%), including pyrexia (19.3%), peripheral edema (17.5%),
edema (8.8%) and fatigue (8.8%), blood and lymphatic system disorders
(47.4%), including anemia (19.3%), neutropenia (21.1%) and thrombo-
cytopenia (19.3%) and infections and infestations (78.9%), including
COVID-19 (22.8%) and urinary tract infections (21.1%).

Cardiactoxicities, of interest in the context of BTK inhibitors, were
uncommon, with one case each of angina pectoris (grade 3), cardiac
failure (grade 2), cardiovascular disorder (grade 1), mitral valve insuf-
ficiency (grade2) and sinus bradycardia (grade1); no atrial fibrillation
episodes were reported. Grade 1to 3 hypertension was reported in
three cases, of which two patients had a previous history of arterial
hypertension. Hematoma was reported in five cases (grade 1 and 2)
and one case of grade 3 cerebral hemorrhage occurredin a patient on
prophylactic concomitating aspirin.

Potentiallyimmune-related disorders, of interest in the context of
checkpointinhibitors, included two cases of thyroid disorders (hypo-
thyroidism, grade 2), pyrexia (12 cases, grade 1-3) and increased liver
values (five cases, one hyperbilirubinemia and four transaminitis,
gradel-4).

Overall, three grade 5 adverse events were reported in the safety
population and all of them were related to fatal sepsis.

Discussion

The improved understanding of the pathophysiology of CLL has led
to the development of targeted agents that leverage distinct vulner-
abilities and dependencies of malignant CLL cells. Targeted agents

have thus demonstrated higher efficacy than chemotherapyin all risk
groups of CLL**?; however, the prevention and therapy RT remains
one of the major clinical challenges in the management of CLL%. While
recent studies have suggested multiple mechanisms contributing
to transformation of CLL*, the standard of care for RT has largely
remained unchanged for a few decades, as chemoimmunotherapies
such as R-CHOP or DA-EPOCH have remained the most commonly used
therapies outside of clinical studies, despite short responses, high
toxicity and short overall survival of less than a year****,

Previously, several studies have explored the use of targeted
agents in the context of RT. Covalent and non-covalent BTK inhibi-
tors such as acalabrutinib and pirtobrutinib are very well tolerated in
patients with RT; however, efficacy is limited owing to low ORRs with
short durations”*. Likewise, monotherapy with PD-1 inhibitors can
induce responses that last very briefly when used as single agents'®>°,
Combination of targeted agents with R-CHOP and DA-EPOCH-R have
alsobeenclinically tested, with R-CHOP/DA-EPOCH-R plus venetoclax
demonstrating high and durable responses, albeit with toxicity rates
largely in line with previous reports on chemoimmunotherapy plus
BCL-2 inhibitors in DLBCL*”. Targeted combination therapies of RT
have been explored with nivolumab plus ibrutinib in a monocentric
study®® as well as a triple combination of atezolizumab, venetoclax
and obinutuzumab in the MOLTO study®. These approaches have
demonstrated encouraging efficacy with good tolerability.

To the best of our knowledge, the RT1 study is so far, one of the
largest prospective phase 2 studies of atargeted treatment approachin
RT. Patients with previously treated as well as untreated RT experienced
response to combined checkpoint and BTK inhibition with tislelizumab
and zanubrutinib, while experiencing little and manageable toxicity
rates. The ORR of 58%, including acomplete response rate of 19%, lasted
for 6 months or more in over 70% of patients, with the median DOR
not reached. While the 12-month PFS rate of 47% indicates that most
patients eventually experience disease relapses, the 12-month overall
survival rate of 75% is higher than historical reports on the expected
overall survival of patients with RT****., Of note, most patients with
disease progressions received subsequent chemoimmunotherapy with
CHOP-like regimens and overall, eight patients underwent allogeneic
SCT, indicating the general feasibility of these salvage strategies after
PD-1and BTK inhibition.
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The regimen was generally very well tolerated, with alow num-
ber of immune-related adverse events, which have been previously
observed with various checkpointinhibitors*®, as well asalowincidence
of cardiovascular toxicities, as seen by the lack of atrial fibrillation
events, previously associated with first-generation BTK inhibitors*..

A conceptually similar approach to the RT1study was previously
tested inamonocentric study using nivolumab plus ibrutinib; however,
while the data were encouraging with response rates of 42%, the sam-
plesize was limited®®. Moreover, owing to the relevant cardiovascular
toxicity of ibrutinib, it is increasingly replaced by next-generation
inhibitors such as acalabrutinib and zanubrutinib, which demonstrated
less toxicity and also, in the case of zanubrutinib, higher efficacy”.

The data generated from this first analysis of the RT1 study have
limitations. As this study is non-randomized, a direct comparison of
the efficacy of tislelizumab plus zanubrutinib with the current stand-
ard of care of R-CHOP/EPOCH-R is not possible; however, the clinical
outcomes observed in this study are consistently more favorable than
what hasbeen reportedinretrospective analyses of RT****. The patient
population enrolled in the RT1 study was relatively fit with half of the
patients having an ECOG performance status of 0, albeit with amedian
CIRS score of 4; outside of clinical studies, the RT patient populationis
likely to be less fit owing to the aggressive nature of RT. The RT1 patient
population did not include patients with non-response to a previous
RT-directed therapy or more than one previous line of therapy. There-
fore, the datacannot be directly extrapolated to patients with multiple
previous treatments or with primary progressive RT.

While the study regimeniis efficacious, the outcomes are still sub-
stantially poorer than whatiscommonly observed in non-transformed
CLL*** demonstrating the need to further optimize the regimen. To
interrogate determinants of response versus non-response to the study
regimen, correlative studies are ongoing to delineate the genomic,
transcriptomic and immune profiles, including measurement of PD-L1
expression, in patients treated in the RT1 study. Finally, to further
increase therate and DOR, the RT1 protocolis currently beingamended
toadd the next-generation BCL-2 inhibitor sonrotoclax to tislelizumab
plus zanubrutinib to increase efficacy by a triple-therapy approach.

In conclusion, combined checkpoint and BTK inhibition by tisleli-
zumab plus zanubrutinib is an effective and well-tolerated treatment
strategy for patients with RT. The response to therapy and overall sur-
vivalratesat1lyearinthe RT1study are encouraging given the otherwise
poor prognosis of RT.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
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Methods

Study design and participants

RT1is an investigator-initiated, prospective, open-label, multi-
center phase 2 study (NCT04271956) that enrolled patients from
February 2020 to January 2023 at 12 investigative centers. Patients
were recruited from ten sites in Germany (University Hospital
of Cologne, University Hospital Kiel, University Hospital Essen,
Otto-von-Guericke University Magdeburg, University Hospital
Rostock, University Hospital Dresden, University Hospital Ulm,
Munich Clinic Schwabing, Briiderkrankenhaus Paderborn and MVZ
Dr Vehling-Kaiser Landshut), one site in Austria (Medical University
of Vienna) and one site in Denmark (Rigshospitalet Copenhagen).
Eligible patients aged >18 years had a diagnosis of CLL as defined
by iwCLL criteria® and a confirmed diagnosis of RT based on histo-
pathological examination by an expert hematopathologist. Patients
were allowed to have up to one previous line of RT-directed therapy.
As further inclusion criteria adequate kidney (creatinine clearance
>30 ml min™) and liver function (total bilirubin <2x, AST/ALT < 2.5x
theinstitutional upper limit of normal value, unless directly attribut-
abletothe patient’s CLL/RT or to Gilbert’s syndrome) were required
as well as negative serological testing for hepatitis B virus (patients
positive for anti-HBc were included if PCR for hepatitis B virus DNA
was negative and hepatitis B virus DNA PCR was performed every
two months until 2 months after last dose of zanubrutinib), hepati-
tis C and HIV. Patients with an ECOG performance status of 0-2 or 3
(if due to underlying CLL/RT) were eligible. Eligible patients had a
life expectancy equal to or greater than 3 months and were able to
provide informed written consent. Exclusion criteria were primary
progressive disease (non-response to previous RT-directed therapy,
as it was initially not clear how fast the study regimen could induce
remissionsin patients with RT), patients with more than one previous
line of RT therapy and allogeneic SCT within the last 100 days or signs
of active graft-versus-host disease. Further exclusion criteria were
confirmed progressive multifocal leukoencephalopathy, an uncon-
trolled autoimmune condition, malignancies other than CLL requir-
ing system therapy, active infections requiring systemic treatment,
organ system impairments with a CIRS score of 4 or higher, exclud-
ing eyes, ears, nose, throat or larynx organ system, requirement of
treatment with strong CYP3A4 inhibitors or inducers, requirement
of treatment with phenprocoumon or other vitamin K antagonists,
use of other investigational agents, known hypersensitivity to tisleli-
zumab or zanubrutinib, pregnant women and nursing mothers, live
vaccination within 28 days previous to enrollment, legal incapacity,
prisoners or institutionalized persons and persons in dependence
to the sponsor or investigator.

This study was conducted in accordance with the Declaration
of Helsinki and the International Conference on Harmonization
guidelines for Good Clinical Practice. All patients provided written
informed consent. The study protocol and relevant documents
were approved by an independent institutional review board
or ethics committee at each investigative center. The study was
reviewed and approved by all responsible ethics committees (Eth-
ics Committee of the Medical Faculty of the Christian Albrechts
University in Kiel; Ethics Committee of the Medical Faculty of the
University of Duisburg-Essen; Ethics Committee of the University
of Cologne (Central Ethics Committee in Germany); OVGU Ethics
Committee at the Medical Faculty; Ethics Committee of the Medi-
cal Faculty of the University of Rostock; Ethics Committee of the
Medical Faculty of the TU Dresden; Ethics Committee of the Uni-
versity of Ulm; Ethics Committee of the Medical Faculty of the LMU
Munich; Ethics committee of the Westfalen-Lippe Medical Associa-
tion and the Medical Faculty of the Westphalian Wilhelms Univer-
sity of Miinster; Ethics Committee of the Bavarian State Medical
Association; Ethics Committee of the Medical University of Vienna;
and the National Videnskabsetisk Komité, Copenhagen). No data

safety monitoring board was implemented in the RT1 protocol.
The study protocol and statistical analysis plan are provided in the
Supplementary Information.

Procedures

Each treatment cycle consisted of 21 days. Patients received tisleli-
zumab intravenously at a fixed dose of 200 mg on day 1 of each cycle.
Previous to thefirstinfusion of tislelizumab, a pre-medication withan
antihistamine and paracetamol was permitted, in addition to oral or
intravenous glucocorticoids if considered indicated by the investiga-
tor. The first infusion was administered over 60 min and subsequent
infusions over 30 min. Zanubrutinib was administered orally at afixed
dose of 160 mg twice daily from day 1 onwards. Dose modifications
or interruptions were permitted for management of adverse events.
Before the induction phase, a pre-phase therapy with steroids, vincris-
tine (up to 2 mgintravenously) or cyclophosphamide (up to 200 mg?
for a maximum of 3 d) was permitted in cases with urgent need for
treatment. The induction phase consisted of six treatment cycles,
followed by a consolidation phase of six further cycles. Patients with
response or stable disease after 12 cycles were allowed to proceed with
maintenance treatment with tislelizumab plus zanubrutinib at the
investigator’s discretion.

Outcomes

Per protocol, the primary end point was the ORR at the interim stag-
ing after end of induction therapy (after six cycles), for patients who
received at least two cycles of study treatment, including at least one
administered dose in cycle three, who comprised the full analysis set
(FAS; see below). Response was assessed according to the refined
Lugano criteriabased on positron emission tomography-computed
tomography or, if not available, based on computed tomography
scans®. Secondary end points included ORR after the end of induc-
tion therapy (after six cycles) according to iwCLL criteria and ORR
after consolidation therapy (12 cycles), DOR (for patients respond-
ing to induction therapy and defined as the time from enrollment to
first assessment of response until disease progression or death from
any cause), PFS (defined as the time from enrollment until disease
progression or death from any cause), overall survival (defined as the
time from enrollment until death from any cause), TTNT (defined as
the time from enrollment until initiation of next treatment for CLL/
RT) and safety parameters, including type, frequency and severity of
adverse events.

Post hoc exploratory analyses included the assessment of ORR
after six cycles and time-to-event analyses for all enrolled patients of
theITT population, the assessment of amodified TTNT (defined as the
time from enrollment until initiation of next treatment for CLL/RT or
death fromany cause), univariate analyses of potential prognostic fac-
tors for ORR after six cycles, overall survival, PFS, DOR and the assess-
ment of ORR and PFS, comparing of the RT and BTK-naive patients to
previously treated patients.

Adverse events were graded according to National Cancer Institute
Common Terminology Criteria for Adverse Events v.5.0. An interim
safety analysis was conducted by the principal investigator, coordinat-
ing physician, statistician and safety management team of the German
CLL Study Group (GCLLSG), after the first six patients had been treated
forthree cycles. Recruitment was only continued if no safety concerns
were raised by the interim safety review.

Statistical analysis

The protocol defined two patient populations for the statistical analy-
ses. For the safety analysis, all patients who received at least one dose
of study treatment were considered as the safety population. For
the efficacy analysis, all patients who received at least two cycles of
induction therapy, including at least one administered dose in cycle
three, were considered as FAS; the FAS was used for the analysis of all
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study end points, apart from safety. Given the experimental nature of
the study regimen, this FAS definition was chosen to ensure reliable
dataacquisition on the actual efficacy of the regimen and to reduce
interactions— for example, due to comorbidities or non-adherence
to study treatment — which was anticipated to be a possible con-
founder given the heterogeneous clinical presentation of RT. To
account for selection bias possibly introduced by this approach, a
post hoc analysis was conducted in all patients enrolled in the study
(ITT population).

The primary end point ORR at the end of induction therapy was
used to determine the sample size of the study. The null hypothesis
was ORR < 0.40 with the alternative hypothesis of ORR > 0.40. The
typelerrorwassettoa =2.5%and the typellerror should not exceed
B =20% to achieve a power of at least (1 - 3) = 80%. Based on these
parameters, a one-sided one-sample binomial test with an overall
significance level of 2.5% provided the sample size of n = 48, to achieve
astatistical significance with a power of 80%. The 95% Cls for the pri-
mary end point and secondary or exploratory response end points
were calculated according to the Clopper-Pearson method and the
Kaplan-Meier method was used for the time-to-event analyses of the
secondary or exploratory end points. Univariate analyses of potential
prognostic factors were performed for ORR after six cycles using
logistic regression modeling and for overall survival, PFS and DOR
using Cox proportional hazards regression modeling, each without
adjustment for multiple testing. Statistical analyses were performed
with EAST v.5, SPSS v.28 and R v.4.2.1. This study is registered with
ClinicalTrials.gov (NCT04271956).

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.

Data availability

Access to individual patient-level data can be requested after publi-
cation via the corresponding authors (othman.al-sawaf@uk-koeln.
de and barbara.eichhorst@uk-koeln.de), who will facilitate a central
review by the GCLLSG within 6 months. The data will be released to
such requesters with necessary agreements to enforce terms such as
security, patient privacy and consent of specified data use, consistent
with evolving, applicable data protection laws.
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Extended Data Fig. 1| Modified time-to-next-treatment. Time-to-next-treatment defined as initiation of a next line of treatment or death, whichever occurred first.
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Extended Data Fig. 2| Survival analysis according to prior RT-directed treatment status and BTK inhibitor exposure. Progression-free survival (PFS) in patients
with (red) and without (blue) prior RT-directed therapy (A) and patients with (red) and without (blue) prior BTK inhibitor exposure (B).
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Extended Data Table 1| Post-protocol therapies (full analysis set)

All subsequent therapies 42
Chemo(immuno)therapy 2
Bendamustine/Polatuzumab/Rituximab
Bendamustine/Rituximab
Cisplatin/Cytarabine/Dexamethasone
Cisplatin/Cytarabine/Dexamethasone/Rituximab
Cyclophosphamide/Doxorubicin/Etoposide/Prednisolone/Vincristine
Cyclophosphamide/Doxorubicin/Etoposide/Prednisone/Rituximab/Vincristine
Cyclophosphamide/Doxorubicin/Polatuzumab/Prednisone/Rituximab/Vincristine
Cyclophosphamide/Doxorubicin/Prednisolone/Rituximab/Vincristine
Cyclophosphamide/Doxorubicin/Prednisone/Rituximab/Vincristine
Cyclophosphamide/Prednisolone
Cyclophosphamide/Prednisolone/Rituximab
Cytarabine/Dexamethasone/Oxaliplatin/Rituximab
Cytarabine/Dexamethasone/Rituximab

NRENINENIFUCECECE SN NS
rrbrObbrrbbr

SCT

SCT

BTK/BCL2 inhibitors
Ibrutinib/Lenalidomide/Obinutuzumab/Prednisone/Venetoclax
Nemtabrutinib
Obinutuzumab/Pembrolizumab/Venetoclax
Obinutuzumab/Venetoclax
Rituximab/Venetoclax
Venetoclax
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Other

Lenalidomide
Lenalidomide/Rituximab
Lenalidomide/Tafasitamab
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NE, not evaluable.
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Extended Data Table 2 | Univariate logistic regression analysis of baseline features for overall response rate after 6 cycles

| Age (years) 1.019 0.955 1.088 0.571

> 65vs. <65 1.030 0.319 3.329 0.960
Sex

Male vs. Female 211 0.647 6.885 0.215
Time between first diagnosis and registration (months) 0.998 0.990 1.006 0.624
Binet stage

Bvs. A 1.714 0.278 10.589 0.562

Cvs. A 0.457 0.128 1.632 0.228
Severe constitutional symptoms

Yes vs. No 0.556 | 0.173 1.788 | 0.324
ECOG performance status

=1vs.=0 0.296 0.079 1.117 0.072

=2vs.=0 0.444 0.073 2.700 0.378

=3vs.=0 NE NE NE 1.000

>0vs.=0 0.370 0.114 1.208 0.100
CIRS total score 0.987 0.839 1.162 0.879

>0vs.=0 1.444 0.186 11.221 0.725

>6vs.<6 0.619 0.176 2.172 0.454
LDH (U/L) 0.999 0.997 1.000 0.128
Cytogenetic subgroups hierarchical order

Deletion 11q vs. Deletion 17p NE NE NE 0.999

Trisomy 12 vs. Deletion 17p 6.000 0.478 75.344 0.165

No abnormalities vs. Deletion 17p 1.667 0.353 7.875 0.519

Deletion 13q vs. Deletion 17p 2.500 0.370 16.888 0.347
TP53 mutation status, N (%)

Mutated vs. Unmutated 0.798 | 0.218 2.925 | 0.734
TP53 status, N (%)

Deleted and/or mutated vs. None 0.579 | 0.169 1.980 | 0.384
IGHV mutation status, N (%)

Mutated vs. Unmutated 1.625 0.398 6.628 0.498
Serum thymidine kinase (U/L) 0.993 0.986 1.000 0.053

>10 U/L vs. <10 U/L 0.658 0.055 7.805 0.740
Serum B2-microglobulin (mg/L) 0.983 0.845 1.144 0.825

> 3.5 mg/L vs. 3.5 mg/L 0.431 0.131 1.419 0.166
Complex karyotype, N (%)

> 3 aberrations vs. < 3 aberrations 0.280 | 0.072 1.083 | 0.065
CLL-IPI Risk Group, N (%)

Intermediate vs. Low 9.000 0.522 155.242 0.130

High vs. Low 3.000 0.199 45.244 0.427

Very high vs. Low 1.750 0.129 23.703 0.674
Ki-67 (%) 0.982 0.947 1.019 0.330

Logistic regression analysis unadjusted for multiple testing.
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Extended Data Table 3 | Univariate Cox regression analysis for progression-free survival

Cox regression (PFS) Hazard Two-sided
Potential prognostic factors Ratio 95% CI p-value
Age (years) 1.015 0.970 1.063 0.521

> 65vs. <65 1.104 0.504 2.418 0.804
Sex

Male vs. Female 1.054 0.481 2.310 0.895
Time between first diagnosis and registration (months) 1.000 0.996 1.005 0.956
Binet stage

Bvs. A 0.912 0.289 2.881 0.875

Cvs. A 1.654 0.728 3.759 0.229
Severe constitutional symptoms

Yes vs. No | 2827] 1312 6.094 | 0.008
ECOG performance status

=1vs.=0 2.505 1.072 5.852 0.034

=2vs.=0 1.968 0.624 6.203 0.248

=3vs.=0 1.876 0.240 14.667 0.549

>0vs.=0 2.295 1.056 4.992 0.036
CIRS total score 1.053 0.965 1.150 0.247

>0vs.=0 2.087 0.282 15.473 0.472

>6vs.<6 1.632 0.745 3.572 0.221
LDH (U/L) 1.001 1.000 1.001 <0.001
Cytogenetic subgroups hierarchical order

Deletion 119 vs. Deletion 17p 0.464 0.096 2.251 0.341

Trisomy 12 vs. Deletion 17p 0.232 0.028 1.900 0.173

No abnormalities vs. Deletion 17p 0.875 0.342 2.240 0.781

Deletion 139 vs. Deletion 17p 0.508 0.147 1.753 0.284
TP53 mutation status, N (%)

Mutated vs. Unmutated | 1729 | 0.782 3.823 | 0.176
TP53 status, N (%)

Deleted and/or mutated vs. None | 1938 0.890 4.222 | 0.096
IGHV mutation status, N (%)

Mutated vs. Unmutated 0.998 0.410 2.433 0.997
Serum thymidine kinase (U/L) 1.007 1.003  1.011 <0.001

>10 U/L vs. <10 U/L 2.238 0.303 16.514 0.429
Serum B2-microglobulin (mg/L) 1.054 0.972 1.143 0.202

> 3.5 mg/L vs. < 3.5 mg/L 2.494 1.121 5.548 0.025
Complex karyotype, N (%)

> 3 aberrations vs. < 3 aberrations | 2171] 0929 5.072 | 0.074
CLL-IPI Risk Group, N (%)

Intermediate vs. Low 1.068 0.119 9.601 0.953

High vs. Low 2.497 0.298 20.941 0.399

Very high vs. Low 2.820 0.360 22.093 0.324
Ki-67 (%) 1.025 0.997 1.054 0.078

Univariate Cox regression analysis unadjusted for multiple comparisons. P-values <0.05 are highlighted in bold.
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Extended Data Table 4 | Univariate Cox regression analysis for overall survival

Cox regression (OS) Hazard Two-sided
Potential prognostic factors Ratio 95% CI p-value
Age (years) 1.107 1.013  1.209 0.024

> 65vs. <65 6.618 0.846  51.749 0.072
Sex

Male vs. Female 1.127 0.330 3.850 0.849
Time between first diagnosis and registration (months) 1.002 0.996 1.009 0.490
Binet stage

Bvs. A NE NE NE 0.975

Cvs. A 6.798 1.454 31.781 0.015
Severe constitutional symptoms

Yes vs. No | 5755] 1500 22.074 | 0.011
ECOG performance status

=1vs.=0 3.609 0.858 15.177 0.080

=2vs.=0 3.331 0.554 20.010 0.188

=3vs.=0 6.222 0.643 60.183 0.114

>0vs.=0 3.737 0.988 14.135 0.052
CIRS total score 1.121 0.992 1.265 0.067

>0vs.=0 NE NE NE 0.557

>6vs.<6 2.079 0.634 6.820 0.227
LDH (U/L) 1.001 1.000 1.002 0.002
Cytogenetic subgroups hierarchical order

Deletion 11q vs. Deletion 17p NE NE NE 0.989

Trisomy 12 vs. Deletion 17p 0.645 0.066 6.356 0.707

No abnormalities vs. Deletion 17p 0.898 0.211 3.820 0.884

Deletion 13q vs. Deletion 17p 0.685 0.112 4.174 0.682
TP53 mutation status, N (%)

Mutated vs. Unmutated | 2087] 0633 6.882 | 0.227
TP53 status, N (%)

Deleted and/or mutated vs. None | 2458 0.739 8.178 | 0.143
IGHV mutation status, N (%)

Mutated vs. Unmutated 0.952 0.252 3.602 0.942
Serum thymidine kinase (U/L) 1.007 1.001  1.012 0.022

>10 U/L vs. <10 U/L 0.756 0.097 5.923 0.790
Serum B2-microglobulin (mg/L) 1.106 0.987 1.240 0.083

>3.5mg/L vs. < 3.5 mg/L 14.634 1.831 116.974 0.011
Complex karyotype, N (%)

> 3 aberrations vs. < 3 aberrations | 2438 | 0.677 8.780 | 0.173
CLL-IPI Risk Group, N (%)

Intermediate vs. Low NE NE NE 1.000

High vs. Low NE NE NE 0.933

Very high vs. Low NE NE NE 0.937
Ki-67 (%) 1.003 0.965 1.043 0.876

Univariate Cox regression analysis unadjusted for multiple comparisons. P-values <0.05 are highlighted in bold.
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Extended Data Table 5 | Univariate Cox regression analysis for duration of response

Cox regression (DOR) Hazard Two-sided
Potential prognostic factors Ratio 95% CI p-value
Age (years) 1.085 0.984 1.197 0.103

> 65vs. <65 2.029 0.418 9.842 0.380
Sex

Male vs. Female 0.489 0.130 1.831 0.288
Time between first diagnosis and registration (months) 1.004 0.996 1.011 0.313
Binet stage

Bvs. A 1.902 0.261 13.846 0.525

Cvs. A 5.501 1.058 28.612 0.043
Severe constitutional symptoms

Yes vs. No | 1804 ] 0479 6.786 | 0.383
ECOG performance status

=1vs.=0 1.778 0.321 9.863 0.510

=2vs.=0 4.729 0.807 27.714 0.085

=3vs.=0 3.899 0.416 36.552 0.233

>0vs.=0 2.724 0.711 10.435 0.144
CIRS total score 1.079 0.946 1.232 0.257

>0vs.=0 NE NE NE NE

>6vs.<6 2.397 0.635 9.049 0.197
LDH (U/L) 1.002 1.000 1.004 0.022
Cytogenetic subgroups hierarchical order

Deletion 11q vs. Deletion 17p NE NE NE 0.178

Trisomy 12 vs. Deletion 17p NE NE NE 0.986

No abnormalities vs. Deletion 17p NE NE NE 0.095

Deletion 13q vs. Deletion 17p NE NE NE 0.168
TP53 mutation status, N (%)

Mutated vs. Unmutated | 7134 1.757 28.967 | 0.006
TP53 status, N (%)

Deleted and/or mutated vs. None | 6722 1644 27.481 | 0.008
IGHV mutation status, N (%)

Mutated vs. Unmutated 2.086 0.515 8.455 0.303
Serum thymidine kinase (U/L) 1.009 1.001 1.017 0.024

>10 U/L vs. <10 U/L 0.322 0.039 2.686 0.295
Serum B2-microglobulin (mg/L) 1.131 1.003 1.275 0.045

>3.5mg/L vs. < 3.5 mg/L 3.971 0.950 16.594 0.059
Complex karyotype, N (%)

> 3 aberrations vs. < 3 aberrations | 3552 | 0.878 14.366 | 0.075
CLL-IPI Risk Group, N (%)

Intermediate vs. Low NE NE NE 0.954

High vs. Low NE NE NE 0.948

Very high vs. Low NE NE NE 0.943
Ki-67 (%) 1.034 0.983 1.087 0.193

Univariate Cox regression analysis unadjusted for multiple comparisons. P-values <0.05 are highlighted in bold.
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Extended Data Table 6 | Patient characteristics (all study eligible patients)

Age (years) 59

Median 69

IQR 6276
Sex, N (%) 59

Female 21 (35.6)

Male 38 (64.4)
Time between first diagnosis and registration (months) 59

Median 80

IQR 50 — 136
Binet stage, N (%) 59

A 27 (45.8)

B 10 (16.9)

C 22 (37.3)
Severe constitutional symptoms, N (%) 59

No 32 (54.2)

Yes 27 (45.8)
ECOG performance status, N (%) 59

=0 28 (47.5)

=1 19 (32.2)

=2 9 (15.3)

=3 3 (5.1)
CIRS total score 59

Median 4

IQR 2-7
CIRS total score, N (%) 59

<6 40 (67.8)

>6 19 (32.2)
LDH (U/L) 59

Median 341

IQR 211-678
Cytogenetic subgroups hierarchical order (according to Déhner et al.), N (%) 56

Deletion 17p 13 (23.2)

Deletion 11q 5 (8.9

Trisomy 12 7 (12.5)

No abnormalities 22 (39.3)

Deletion 13qg 9 (16.1)

Missing 3 (5.1)
TP53 mutation status, N (%) 55

Unmutated 38 (69.1)

Mutated 17 (30.9)

Missing 4 (6.8
TP53 status, N (%) 56

None 36 (64.3)

Deleted and/or mutated 20 (35.7)

Missing 3 (5.1)
IGHV mutation status, N (%) 50

Unmutated 33 (66.0)

Mutated 17 (34.0)

Missing 9 (15.3)
Serum thymidine kinase (U/L) 58

Median 40.3

IQR 19.4-109.4
Serum 2-microglobulin (mg/L) 58

Median 4.0

IQR 26-6.3
Complex karyotype, N (%) 47

< 3 aberrations 27 (57.4)

2 3 aberrations 20 (42.6)

Missing 12 (20.3)
CLL-IPI Risk Group, N (%) 48

Low 4 (8.3)

Intermediate 12 (25.0)

High 13 (27.1)

Very high 19  (39.6)

Missing 11 (18.6)
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Reporting on sex and gender Sex and gender were not considered in the study design. Self-reported sex was collected and used in the analyses. The ratio
of male to female patients enrolled in the study was ~1.5:1, in line with the general incidence of CLL and RT, which is slightly
more common in male persons than female persons. Given the sample size, a post hoc sex-based analysis would not yield
reliable or representative findings. However, sex was included as a variable in univariate tests.

Reporting on race, ethnicity, or No information on race or ethnicity were collected on the CRFs.
other socially relevant
groupings
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Population characteristics Based on the inclusion and exclusion criteria (see below), patients were recruited from 10 sites in Germany, 1 site in Austria
plus 1 site in Denmark. Between 11 February 2020 and 2 January 2023.
Inclusion criteria:
» Confirmed diagnosis of CLL according to iwCLL criteria (Hallek et al, 2018).
» Confirmed histopathological diagnosis of RT (diffuse large B-cell ymphoma or Hodgkin’s lymphoma)
 Previously untreated RT or patients with objective response or non-tolerance to first-line RT treatment
e Creatinine clearance >30ml/min calculated according to the modified formula of Cockcroft and Gault or directly measured
with 24hr urine collection or an equivalent method.
« Adequate liver function as indicated by a total bilirubin < 2, AST/ALT < 2.5 the institutional ULN value, unless directly
attributable to the patient’s CLL or to Gilbert’s Syndrome, in which case a max. total bilirubin < 4 and AST/ALT < 5 the
institutional ULN value are required.
* Negative serological testing for hepatitis B (HBsAg negative and anti-HBc negative; patients positive for anti-HBc may be
included if PCR for HBV DNA is negative and HBV-DNA PCR is performed every two months until 2 months after last dose of
zanubrutinib), negative testing for hepatitis-C RNA and negative HIV test within 6 weeks prior to registration
* Age at least 18 years
e ECOG performance status 0-2, ECOG 3 is only permitted if related to CLL (e.g. due to anaemia or severe constitutional
symptoms)
e Life expectancy > 3 months
« Ability and willingness to provide written informed consent and to adhere to the study visit schedule and other protocol
requirements
Exclusion criteria:
e Patients who did not respond to previous line of RT therapy (i.e. primary progressive patients)
e Patients with more than one prior line of RT therapy
« Allogenic stem cell transplantation within the last 100 days or signs of active GVHD after prior allogeneic stem cell
transplantation within any time
e Patients with confirmed PML
¢ Uncontrolled autoimmune condition
* Malignancies other than CLL currently requiring systemic therapies (unless the malignant disease is in a stable remission at
the discretion of the treating physician)
 Active infection currently requiring systemic treatment
* Any comorbidity or organ system impairment rated with a CIRS (cumulative illness rating scale) score of 4, excluding the
eyes/ears/nose/throat/larynx organ system 1 or any other life-threatening illness, medical condition or organ system
dysfunction that —in the investigator’s opinion could comprise the patient’s safety or interfere with the absorption or
metabolism of the study drugs
« Requirement of therapy with strong CYP3A4 inhibitors/inducers
* Requirement of therapy with phenprocoumon or other vitamin K antagonists.
» Use of investigational agents, e.g. monoclonal antibodies or other experimental drugs within clinical trials, which might
interfere with the study drug within 28 days (or 5 times half-life of the compound, whichever is longer) prior to registration
* Known hypersensitivity to tislelizumab, zanubrutinib or any of the excipients
* Pregnant women and nursing mothers (a negative pregnancy test is required for all women of childbearing potential within
7 days before start of treatment)
e Fertile men or women of childbearing potential unless:
- surgically sterile or > 2 years after the onset of menopause, or
- willing to use two methods of reliable contraception including one highly effective contraceptive method (Pearl Index < 1)
and one additional effective (barrier) method during study treatment and for 12 months after the end of study treatment.
 Vaccination with a live vaccine < 28 days prior to randomization
e Legal incapacity
e Prisoners or subjects who are institutionalized by regulatory or court order
* Persons who are in dependence to the sponsor or an investigator

Covariate-relevant patient characteristics: Age (range 45-82 years), self-reported sex, Binet stage (A/B/C), severe
constitutional symptoms (absent/present), ECOG performance status (range 0-3), Cumulative illness rating scale (CIRS; IQR
0-7), LDH (U/L; IQR 209-584), Cytogenetic subgroups (deletion 17p, 11g, trisomy 12, none, deletion 13q), TP53 and IGHV
mutation status (unmutated/mutated), Serum thymidine kinase (U/L; IQR 18.5-108.3), Serum B2-microglobulin (mg/L; IQR
2.5-5.5), Complex karyotype (= 3 aberrations), and CLL-IPI Risk Group (Low/Intermediate/High/Very high).

Recruitment Based on the inclusion and exclusion criteria (see below), patients were recruited from 10 sites in Germany, 1 site in Austria




Recruitment plus 1 site in Denmark. Between 11 February 2020 and 2 January 2023.
Patients were considered from routine clinical care based on a diagnosis of Richter-Transformation. As selection bias towards
patients without primary progressive disease cannot be excluded, as these patients were excluded from the study based on
the protocol-based exclusion criteria. The study therefore focuses on patients with previously untreated RT or up to one prior
line of effective RT-directed therapy.

Ethics oversight The Sponsor (University of Cologne) and all investigators agree to conduct this study in accordance with the protocol and
with consensus ethical principles derived from international guidelines including the Declaration of Helsinki and Council for
International Organizations of Medical Sciences (CIOMS) International Ethical Guidelines, applicable ICH Good Clinical
Practice (GCP) Guidelines and applicable laws and regulations. The participating investigators/institutions permit trial-related
monitoring, audits, IRB/IEC review and regulatory inspections and provide direct access to source documents/data. The
investigator assumes the responsibility of obtaining written informed consent for each patient before any study-specific
procedures are performed and before any study drug is administered. If an amendment to the protocol changes the risk
participation schedule in scope or activity, or increases the potential risk to the subject, the informed consent document
must be used to obtain re-consent from any patients currently enrolled in the study if the patient is affected by the
amendment and must be used to document consent from any new patients enrolled after the approval date of the
amendment. The Sponsor and the investigators affirm and uphold the principle of the patients’ right to privacy. The
investigators shall comply with applicable privacy laws. The investigator must assure that the patients’ anonymity will be
maintained and that the identities are protected from unauthorized parties. The investigator should maintain documents not
for submission to the GCLLSG study office e.g. subjects written informed consent forms, in strict confidence. All clinical and
scientific data are collected under a unique code or “pseudonym” composed of an abbreviation of the study and a random
string of 6 digits and is stored in the main clinical trial database. All data exchange with the study center is made solely via the
unique code. All participating study centers are obliged to keep a secret trial subject identification list.

The study was reviewed and approved by all responsible ethics committees (Ethics Committee of the Medical Faculty of the
Christian Albrechts University in Kiel; Ethics Committee of the Medical Faculty of the University of Duisburg-Essen; Ethics
Committee of the University of Cologne (Central Ethics Committee in Germany); OVGU Ethics Committee at the Medical
Faculty; Ethics Committee of the Medical Faculty of the University of Rostock; Ethics Committee of the Medical Faculty of the
TU Dresden; Ethics Committee of the University of Ulm; Ethics Committee of the Medical Faculty of the LMU Munich; Ethics
committee of the Westfalen-Lippe Medical Association and the Medical Faculty of the Westphalian Wilhelms University of
Minster; Ethics Committee of the Bavarian State Medical Association; Ethics Committee of the Medical University of Vienna;
National Videnskabsetisk Komité, Copenhagen).
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Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences D Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The primary endpoint ORR at end of induction therapy was used to determine the sample size of the study. The ORR for a conventional
regimen is assumed to be 40%, with corresponding null hypothesis ORR <= 0.40 and alternative hypothesis ORR > 0.40. The investigated
regimen was considered potentially useful and worthy of further research if we can reject the null hypothesis in favour of the alternative
hypothesis. The type | error is set to 2.5% and defines the chance that the investigated regimen will be investigated further although the true
ORR is lower or equal to 40 %. The type Il error is the chance that an effective treatment will not be studied further. It is assumed to improve
the ORR to at least 60 % with the investigated regimen. The type Il error should not exceed 20%, so that it is aimed to achieve a statistical
power of at least 80%. According to these study parameters a one-sided one-sample binomial-test with an overall significance level of 2.5%
provides the sample size N = 48, such that statistical significance is achieved with a power of 80%.

Data exclusions  Missing data will not be replaced or imputed. For all analyses the number of patients available and the proportion of patients for whom data
are missing will be described with respect to the reported analyses populations.

Replication The study protocol is reported in the CLL-RT1 Protocol version 3.0 (GCLLSG), data handling and statistical analyses are fully documented in the
RT1 Data Management Plan and the CLL-RT1 Statistical Analysis Plan. Measurements were taken from distinct samples.

Randomization  The study is a phase-Il open label trial, which is designed as a prospective, multicentre, single-arm trial. Randomization is not relevant.
Covariates were controlled for by the screening of patients by inclusion and exclusion criteria (above).

Blinding The study is a phase-Il open label trial, which is designed as a prospective, multicentre, single-arm trial. Blinding is not relevant.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Dual use research of concern

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration
Study protocol

Data collection

Qutcomes

EudraCT Number: 2018-002492-17, ClinicalTrials.gov Identifier: NCT04271956
Study protocol will be made available in the supplements.

Patients were recruited from 10 sites in Germany (University Hospital of Cologne, University Hospital Kiel, University Hospital Essen,
Otto-von-Guericke University Magdeburg, University Hospital Rostock, University Hospital Dresden, University Hospital UIm, Munich
Clinic Schwabing, Briderkrankenhaus Paderborn, MVZ Dr. Vehling-Kaiser GmbH Landshut), 1 site in Austria (Medical University of
Vienna) plus 1 site in Denmark (Rigshospitalet Copenhagen). Between 11 February 2020 and 2 January 2023. Data cut-off on May 2nd
2023.

Primary endpoint: Overall response rate (ORR) after induction therapy (i.e. 6 cycles) according to the refined Lugano Classification.
Secondary endpoints:

» ORR after induction therapy (i.e. 6 cycles) according to IWCLL criteria

» ORR after consolidation therapy (i.e. 12 cycles)

» Duration of response (DOR)

» Progression-free survival (PFS)

» Overall survival (OS)

» Time to next treatment (TTNT)

» Proportion of patients receiving SCT for consolidation

» Safety parameters: type, frequency, severity of adverse events, and their relationship to study treatment.

ORR is determined by the proportion of patients with a response after induction therapy.

PFS will be measured from the date of registration to the date of first occurrence of disease progression (PD) or relapse or death
from any cause, whichever occurs first. These will be counted as events for PFS. Start of a subsequent CLL/RT treatment after the
study treatment will not be counted as an event nor as a reason for censoring. Patients for whom no documented event for PFS is
available at the time of analysis will be censored at the time point of last observation they were assessed to be event-free.

DOR will be calculated for patients with response after induction therapy according to Lugano Classification. DOR will be measured
from the date of first documented response to the first occurrence of progression or relapse or death by any cause, whichever occurs
first. Patients for whom no documented event for DOR is available at the time of analysis will be censored on the date of the last
tumor assessment. If no tumor assessments were performed after the screening visit, DOR will be censored at the time of first
documented response + 1 day.

0OS will be measured from the date of registration to the date of death due to any cause. Patients who have not yet died at the time
of analysis will be censored at the time of last observation they were assessed to be alive after registration.

TTNT will be measured from date of registration to the date of first subsequent CLL/RT treatment (including transplantation). These
will be counted as event for TTNT. Alive patients for whom no subsequent CLL/RT treatment is documented will be censored at the
time of last observation they were assessed to be alive. Deceased patients for whom no subsequent CLL/RT treatment is documented
will be censored at the date of death.

Adverse events (AE) will be classified using the Medical Dictionary for Regulatory Activities (MedDRA) classification system. The
severity of the AEs will be graded according to the recent updated NCI CTCAE version 5.

>
Q
—
(e
(D
©
(@)
=
S
<
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<




Plants

Seed stocks

Novel plant genotypes

Authentication

Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor
was applied.

Describe-any-atithentication-procedtres foreach seed stock- tised-ornovel genotype generated—Describe-any-experiments-tsed-to
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.
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