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W Check for updates

Relapsed/refractory aggressive large B cell ymphoma (LBCL) remains an
areaof unmet need. Here we report the primary analysis of a phase 1b/2 trial
of outpatient mosunetuzumab (a CD20xCD3 T-cell-engaging bispecific
antibody) plus polatuzumab vedotin (an anti-CD79B antibody-drug

conjugate) in relapsed/refractory LBCL. The phase 2 componentis asingle
arm of an ongoing multi-arm trial. The primary endpoint during dose
expansion was independent review committee (IRC)-assessed best overall
response rate. Secondary endpoints included investigator-assessed overall
response rate, complete response, duration of response, progression-free
survival and overall survival. At data cutoff, 120 patients were enrolled

(22 dose escalation, 98 dose expansion). The primary endpoint was met
during dose expansion, with IRC-assessed best overall response rate and
complete response rates of 59.2% (58/98; 95% confidence interval (CI):
48.8-69.0) and 45.9% (45/98; 95% CI: 35.8-56.3), respectively (median
follow-up, 23.9 months). Median duration of complete was not reached
(95% Cl: 20.5-not estimable (NE)). Median progression-free survival was
11.4 months (95% Cl: 6.2-18.7). Median overall survival was 23.3 months
(95% Cl:14.8—-NE). Across dose escalation and expansion, the most common
grade 3 or higher adverse events were neutropenia (25.0%, 30/120) and
fatigue (6.7%, 8/120). Any-grade cytokine release syndrome occurred
in16.7% of patients. These data demonstrate that mosunetuzumab plus
polatuzumab vedotin has a favorable safety profile with highly durable
responses suitable as second-line therapy in transplant-ineligible relapsed/
refractory LBCL. ClinicalTrials.gov identifier: NCT03671018.

Large B cell lymphoma (LBCL), the most common aggressive
non-Hodgkin lymphoma (NHL)', is managed in the front line with
rituximab-based immunochemotherapy regimens that have cura-
tive potential, such as rituximab plus cyclophosphamide, doxoru-
bicin, vincristine and prednisone (R-CHOP); or polatuzumab vedotin
in combination with rituximab, cyclophosphamide, doxorubicin

and prednisone (Pola-R-CHP)*. However, approximately 20-40%
of patients with LBCL are either refractory to front-line therapy or
experience subsequent relapse®*.

Standard of careis evolving in the second-line treatment of LBCL
andincludes traditional salvage chemotherapy followed by consolida-
tion with autologous stem cell transplant (ASCT) or chimeric antigen
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receptor (CAR)-T cell therapy in patients who are transplantineligible
or those with early disease relapse after front-line therapy®” or addi-
tionalimmunochemotherapy. Multiple challenges remainindelivering
therapies with durable and curative potentialin the relapsed/refractory
(R/R) setting. Approximately half of patients with R/RLBCL are unsuit-
able for ASCT, and, even after ASCT, only 50% attain a durable remis-
sion>”’, For patients suitable for CAR-T cell therapy, there are multiple
barriers, including manufacturing challenges, severe life-threatening
toxicities and access to specialist treatment centers, which canincrease
health disparities'®". Furthermore, approximately 50% of patients with
LBCL do not respond or relapse after CAR-T cell therapy>®. Although
other treatments, including bispecific antibodies'>*, antibody-drug
conjugates™, monoclonal antibody combinations'¢, targeted thera-
pies” and chemoimmunotherapy regimens'®", are available, there
remains a need to develop new regimens that balance safety, efficacy
and patient access in R/R LBCL, especially for non-tertiary and com-
munity practices where many patients receive treatments.

Mosunetuzumab and polatuzumab vedotin have individually
shown promising anti-lymphomaactivity and manageable toxicity pro-
files in patients with R/R NHL?*. Mosunetuzumab is an off-the-shelf
CD20xCD3 T-cell-engaging bispecific antibody that engages and redi-
rects T cells to eliminate malignant B cells?? and was recently approved
inR/Rfollicular lymphoma (FL)*. Mosunetuzumab, which is adminis-
tered in an outpatient setting, is efficacious with a favorable toxicity
profile in patients with R/R diffuse large B cell ymphoma (DLBCL;
NCT02500407)*,including patients who had received prior CAR-T cell
therapy with an overall response rate (ORR) of 42.0% and a complete
response rate of 23.9%%. Polatuzumab vedotin is an antibody-drug
conjugate that is composed of an anti-CD79b monoclonal antibody
conjugated by a protease-cleavable linker to a potent microtubule
inhibitor, monomethyl auristatin E (MMAE)®. After binding to CD79b
on B cells, polatuzumab vedotin is internalized; the linker is cleaved;
and MMAE is released to inhibit intracellular division and induce
apoptosis®. Polatuzumab vedotin in combination with chemoim-
munotherapy is approved for the treatment of previously untreated
and R/RDLBCL?.

Mosunetuzumab combined with polatuzumab vedotin
(mosun-pola) targets distinct components of malignant B cell biol-
ogy”#, and initial reports demonstrated safety and efficacy, sup-
porting development of this combination therapy as afixed-duration
outpatientregimeninsecond-line, transplant-ineligible LBCL>***°, Here
wereportthe primary analysis of an ongoing study of the mosun-pola
combination (NCT03671018).

Results

Study design

Thisisanongoing phase 1b/2 multi-arm clinical trial of mosun-polain
R/RNHL. Here we present the phase 1b dose-escalation cohortin R/R
NHL and the single-arm, phase 2 dose-expansion cohort in patients
withsecond-lineand later R/RLBCL (Extended Data Fig.1). The primary
efficacy endpoint during dose expansion was independent review
committee (IRC)-assessed best ORR. Secondary endpoints included
investigator (INV)-assessed best ORR, best complete response rate and
complete response rate at the time of the primary response assessment,
duration of response (DoR), progression-free survival (PFS) and overall
survival. Protocol-defined pharmacokineticand biomarker endpoints
were also assessed. Exploratory endpoints included the proportion
of patients who underwent ASCT or allogeneic stem cell transplant
(SCT) after achieving aresponse and the association of response with
prognostic subtypes. Safety was evaluated through the incidence and
severity of adverse events (AEs).

Patients
Between 25 September 2018 and 14 February 2022, 120 patients were
enrolled from 15 sites across two countries (the USA and Canada),

’ 120 patients enrolled ‘

}

120 received initial treatment
(safety-evaluable population)

|
! !

Phase 1b dose escalation
9 completed initial treatment
13 discontinued initial treatment

Single-arm phase 2 dose expansion
42 completed initial treatment
56 discontinued initial treatment

7 PD 42 PD 1 physician decision

3 AEs 6 AEs 1 lack of efficacy

2 physician decision 2 withdrew 1 other treatment

1 death 2 deaths 1 symptom deterioration

3 patients with grade 1-3a FL
were excluded from the
efficacy analysis

’ 117 included in the efficacy-evaluable population ‘

’ 2 patients were retreated ‘

Fig.1|Patient disposition. A total of 22 patients were treated in the phase
1b dose-escalation cohort (n=19 withR/RLBCL and n=3 with R/RFL) and
98 patients in the phase 2 dose-expansion cohort (allwith R/RLBCL). PD,
progressive disease.

with 22 patients treated in the phase 1b dose-escalation cohort (n =19
with R/RLBCL and n =3 with R/R FL) and 98 patients treated in the
phase 2 dose-expansion cohort (n =98 with R/R LBCL) (Fig.1). The
overall safety population (n =120) included all patients with DLBCL,
high-grade B cell ymphoma (HGBCL), transformed FL, grade 3b FL
or grade 1-3aFL, as described in the Methods. The overall efficacy
population (n =117) excluded three patients with histologically con-
firmed grade1-3a FL.

Baseline demographics and clinical characteristics of the overall
R/R NHL population (n =120) and the phase 2 dose-expansion R/R
LBCL cohort treated at the recommended phase 2 dose (RP2D) are
described in Table 1. In the overall population, the median age was
68 years (range, 20-88); 85% had advanced-stage disease; and 64.2%
had extranodal disease. Overall, 75 patients (62.5%) had DLBCL, 23
(19.2%) had HGBCL, 11 (9.2%) had transformed FL, eight (6.7%) had FL
grade3bandthree (2.5%) had FL grade 1-3a. Of 109 patients with LBCL,
22(20.2%) had double-hit or triple-hitlymphoma (DH/THL) (Table 1).
Theoverall population received amedian of two prior lines of therapy
(range, 1-10), including CAR-T cell therapy (n =42 [35.0%]) and ASCT
(n=15[12.5%]). Sixty-nine patients (57.5%) were primary refractory,
93 (77.5%) were refractory to their last prior therapy and 100 (83.3%)
were refractoryto any prior anti-CD20 therapy. Among 42 patients who
received prior CAR-T cell therapy, 33 (78.6%) were refractory to prior
CAR-T cell therapy (Table 1). Patient demographics and clinical char-
acteristics were comparable between the overall population and the
dose-expansion cohort (Table 1). There were five major protocol devia-
tions from the inclusion criteria, all related to missing tumor biopsy
samples at screening. One major protocol deviation from the exclu-
sion criteria was due to the patient not having the protocol-required
4-week washout period after prior rituximab treatment. None of these
deviations was deemed to have amajorimpact on the overall efficacy
or safety endpoints of this study.
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Table 1| Baseline characteristics in the overall population
(all patients with R/R NHL in the dose-escalation and
dose-expansion cohorts; n=120) and the dose-expansion
cohort (R/R LBCL; safety-evaluable population; n=98)

n (%) of patients unless stated Overall population, Dose-expansion

n=120 cohort, n=98
Median age (range), years 68 (20-88) 68 (20-88)
Male 81(67.5) 70 (71.4)
ECOG performance status
0 46 (38.3) 36 (36.7)
1 67 (55.8) 55 (56.1)
2 7(58) 7(71)
Ann Arbor stage at study entry
/1l 18 (15.0) 13 (13.3)
/v 102 (85.0) 85(86.7)
Extranodal involvement at study 77 (64.2) 65 (66.3)
entry
NHL subtype
DLBCL 75 (62.5) 68 (69.4)
HGBCL 23(19.2) 18 (18.4)
Transformed FL 11(9.2) 8(8.2)
Grade 3b FL 8(6.7) 4(4.0)
Grade 1-3a FL 3(2.5) 0
coo? (n=109) (n=94)
GCB 60 (55.0) 53 (56.4)
Non-GCB 38(317) 33(33.7)
Unknown 11(10.1) 8(8.5)
Double/triple-hit status (n=109) (n=94)
Yes 22(20.2) 16 (17.0)
Double-expressor (MYC and BCL2) 18 (15.0) 14 (14.3)
LDH levels higher than local ULN 63 (52.5) 53 (54.)
Bulky disease at study entry (>10cm) 7 (5.8) 6(6.1)
Median lines of prior therapy (range) 2 (1-10) 2(1-8)
Previous lines of therapy
1-2 63 (52.5) 56 (57.1)
23 57 (47.5) 42 (42.9)
Previous anti-lymphoma therapy
Anti-CD20 antibody 120 (100.0) 98 (100.0)
Anthracycline 115 (95.8) 93 (94.9)
CAR-T cell therapy 42 (35.0) 35(35.7)
ASCT 15 (12.5) 1(11.2)
Relapsed/refractory® status
Refractory to last prior therapy 93 (77.5) 76 (77.6)
Refractory to first prior therapy 69 (57.5) 56 (571)
Refractory to any prior anti-CD20 100 (83.3) 80 (81.6)
Refractory to prior CAR-T cell 33/42 (78.6) 26/35 (74.3)

therapy

Clinical cutoff date: 6 July 2023. *Patients with de novo LBCL, HGBCL and trFL (109 patients
in the overall population and 94 patients in the dose-expansion cohort) were evaluable

for COO assessments. Non-GCB includes non-GCB derived from immunohistochemistry,
ABC derived from GEP and unclassified by GEP. GCB included GCB derived from
immunohistochemistry and/or GEP. ®Defined as not achieving a response (complete or
partial) or progressing within <6 months of applicable treatment. ABC, activated B cell-like;
GEP, gene expression profiling; LDH, lactate dehydrogenase; trFL, transformed follicular
lymphoma.

Phase 1b dose escalation to determine the RP2D
Mosunetuzumab was administered intravenously in21-day cycles with
cycle 1step-up dosing:1 mg on cycle 1, day 1 (C1D1); 2 mg on C1DS;
escalated to aloading dose (9 mg, 20 mg, 40 mg or 60 mg) on C1D15
and C2D1; and then continued at the target dose (9 mg, 20 mg, 40 mg
or 30 mg) from C3 onwards. Patients with a complete response com-
pleted mosunetuzumab after C8, whereas those with a partial response
or stable disease continued mosunetuzumab for a total of 17 cycles.
Polatuzumab vedotin was administered intravenously before mosu-
netuzumab at the standard dose of 1.8 mg/kg on D1 of C1-C6 (see
Methods for additional details).

The maximum tolerated dose (MTD) was not reached with any of
the mosunetuzumab dosing schedules investigated:1/2/9 mg (n=7),
1/2/20 mg (n=3), 1/2/40 mg (n=6) and 1/2/60/30 mg (n = 6). One
dose-limiting toxicity (DLT; see protocol in the Supplementary Appen-
dix for DLT definitions) was observedin a patient at the 1/2/40 mg dose
who developed asymptomatic, new-onset grade 3 atrial fibrillation.
The RP2D of mosunetuzumab was determined to be 1/2/60/30 mg in
combination with polatuzumab vedotin 1.8 mg/kg, with six patients
treated at this dose and schedule during this part of the study.

In the phase 1 cohort, per INV assessment, best overall complete
response rate based on positron emission tomography-computed
tomography (PET-CT) and/or CT scan was 47.4% (9/19; 95% Cl: 24.5-71.1),
and best ORRwas 63.2% (12/19; 95% Cl: 38.4-83.7), with median DoR not
reached (95% Cl, 6.3-NE) based on a median follow-up of 41.5 months.

Efficacy outcomes in the phase 2 dose-expansion cohort
Ninety-eight patients with R/R LBCL were treated at the 1/2/60/30 mg
mosunetuzumab dose schedulein combination with 1.8 mg/kg polatu-
zumab vedotin. At the data cutoff date (6 July 2023), the median
follow-up was 23.9 months (95% Cl: 21.3-26.8). Median treatment dura-
tions of mosunetuzumab and polatuzumab vedotin were 4.9 months
and 3.5 months, respectively, with patients receiving amedian of eight
mosunetuzumab cycles and six polatuzumab vedotin cycles. Forty-two
patients (42.9%) completed initial treatment, and 56 patients (57.1%)
discontinued due to progressive disease (n=42), AEs (n=6), death
(n=2), patient withdrawal (n = 2), lack of efficacy (n =1), use of another
anti-cancer therapy (n =1), physician decision (n =1) or symptomatic
deterioration (n=1).

Efficacy results are shown in Table 2. The primary efficacy end-
point of best ORR by IRC by Lugano 2014 response criteria®° was met.
Best ORR by IRC assessment, based on PET-CT and/or CT scan, was
59.2%(95% Cl: 48.8-69.0; P = 0.0003 at 2.5% one-sided level of signifi-
cance using an exact binomial test, compared to a historical control
rate of 42%)*. Best complete response was 45.9% (95% CI: 35.8-56.3;
Table 2). Among 58 responders, the Kaplan-Meier-estimated median
DoR was 20.8 months (95% CI: 14.2-NE; Fig. 2a and Table 2), and the
24-month event-free rate was 49.7% (95% Cl: 34.3-65.2). Among the
45 patients with complete response, median duration of complete
response (DoCR) was not reached (95% Cl: 20.5-NE; Fig. 2b), and the
Kaplan-Meier-estimated 24-month event-free rate was 60.8% (95%
Cl: 43.2-78.4; Table 2). Median IRC-assessed PFS was 11.4 months
(95% CI: 6.2-18.7). Median overall survival was 23.3 months (95% Cl:
14.8-NE; Fig. 2d).

Per INV assessment, best ORR was 63.3% (95% CI: 52.9-72.8), and
best complete response was 51.0% (95% CI: 40.7-61.3) (Table 2). DoR
and DoCRare shownin Extended DataFig. 2a,b. Concordance between
IRCandINV assessments of DoR was 82%. Six patients who were initially
assessed as achieving partial response converted to complete response
at subsequent follow-up assessments. Five patients converted from
partial response to complete response before completion of C8. One
patient witha partial response at the end of C8 converted to complete
response after continuing with additional mosunetuzumab until C17.
Median DoR was prolonged in patients with complete response versus
partial response (not reached (95% CI: 16.1-NE) versus 3.1 months
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Table 2 | Efficacy summary in the R/R LBCL overall population (that is, all patients with R/R LBCL in the dose-escalation and
dose-expansion cohorts; n=117) and the dose-expansion cohort (R/R LBCL; efficacy-evaluable population; n=98)

Overall population, n=117*

Dose-expansion cohort, n=98

INV

INV IRC

Best ORR, n (%) [95% Cl]

73 (62.4) [63.0-71.2]

62 (63.3) [52.9-72.8] 58(59.2) [48.8-69.0]

Best complete response rate, n (%) [95% Cl]

59 (50.4) [41.0-59.8]

50 (51.0) [40.7-61.3] 45 (45.9) [35.8-56.3]

ORR at time of PRA, n (%) [95% CI]°

46 (46.9) [36.8-57.3] 45 (46.0) [35.8-56.3]

Complete response rate at time of PRA, n (%) [95% CI]°

42 (42.9) [32.9-53.3] 42 (42.9) [32.9-53.3]

Median time to first response (range), months

2.7(2.0-6.0)

2.7(2.0-6.0)

2.6 (1.0-6.0)

Median DoR (95% Cl), months

20.8 (14.8-NE)

20.5 (14.0-NE)

20.8 (14.2-NE)

Event-free rate (95% Cl), %

12months 65.5 (53.9-77.0) 64.(51.3-76.8) 68.5 (55.6-81.4)

24months 49.6 (36.0-63.2) 46.7 (31.5-61.9) 497 (34.3-65.2)
Median time to first complete response, months (range) 2.8(2.0-8.0) 2.8(2.0-8.0) 2.7 (2.0-6.0)
Median DoCR (95% Cl), months NE (16.2-NE) NE (16.1-NE) NE (20.5-NE)

Event-free rate (95% Cl), %

12months

75.2 (63.4-87.0)

73.4(60.4-86.4)

82.1(70.0-94.2)

24months

57.6 (42.2-73.0)

51.9 (34.5-69.2)

60.8 (43.2-78.4)

Median PFS (95% Cl), months

9.4 (5.6-16.9)

9.4 (5.6-16.9)

11.4 (6.2-18.7)

Event-free rate (95% Cl), %

12months

45.8 (36.4-55.2)

45.2(35.0-55.4)

48.2(37.3-59.0)

24 months

31.6 (21.9-41.3)

29.4(18.8-39.9)

31.3 (20.1-42.6)

Median EFS, months®

6.0 (5.4-11.9)

6.9 (5.4-14.0)

Event-free rate (95% Cl), %

12months

39.3(29.4-49.2)

421(31.9-52.3)

24months

281(18.2-37.9)

28.4(18.4-38.4)

Median overall survival (95% Cl), months

277 (15.2-NE)

23.3 (14.8-NE)

Event-free rate (95% Cl), %

12months

65.7 (56.9-74.6)

64.9 (55.2-74.5)

24months

51.3 (41.6-61.0)

48.6 (37.9-59.3)

Note: In the 62 patients with INV-assessed response, the median DoR and the median DoCR were calculated from 61 patients, as one patient had partial response and progressive disease at the same
assessment. “Three patients with histologically confirmed grade 1-3a FL were excluded from the efficacy analysis. *Secondary endpoint for the dose-expansion cohort only. EFS, event-free survival.

(95% Cl: 2.8-10.2)) (Extended Data Fig. 2c). Kaplan-Meier-estimated
PFS according to INVis shown in Extended Data Fig. 2d.

Patients with complete response who subsequently progressed
after initial treatment were permitted to receive mosun-polaretreat-
ment. Two patients were retreated (one experienced a complete
response and one a partial response) with both responses lasting more
than 6 months before progression.

Efficacy in high-risk subgroups

Prespecified subgroup analyses of IRC-assessed best ORR and complete
responserates using PET-CT in the phase 2 dose-expansion cohort are
showninFig. 3. Durable responses were observed with mosun-polain
patients with high-risk pathology or clinical disease course.

Median PFSwas16.5 months (95% CI: 5.6-23.4) in patients who had
received one prior line of therapy and 11.4 months (95% CI: 5.7-18.7)
in those who had received two or more lines. In patients with DH/
THL, median DoR and PFS were 20.5 months (95% CI: 3.0-NE) and
6.2 months (95% Cl: 2.6-16.5), respectively. In 35 patients who received
prior CAR-T cell therapy in the dose-expansion cohort, the median DoR
was NE (95% Cl: 8.8-NE), and the median PFS was 9.6 months (95% CI:
4.9-NE). In 26 patients who were refractory to CAR-T cell therapies,
the median DoR was 12.5 months (95% Cl: 2.8-NE), and the median PFS
was 5.7 months (95% Cl: 4.3-11.5). In patients with primary refractory

disease, median DoR and PFS were 20.5 months (95% CI: 6.7-NE) and
8.5 months (95% CI: 4.9-16.9), respectively.

Treatments after progression or completion of mosun-pola
Overall, 52 patients received subsequent anti-lymphoma treatment
after mosun-pola. Four patients received ASCT as consolidative ther-
apy, including two patients who achieved a complete response and
received consolidative ASCT at the end of mosun-pola treatment. Seven
patientsreceived allogeneic SCT, including two patients who achieved
a complete response with mosun-pola and subsequently received
allogeneic SCT as consolidative therapy. Overall, 13 patients received
CAR-T cell therapy, one of whom received CAR-T cell therapy while in
partial response to mosun-pola. Five patients received polatuzumab
vedotin-based therapy in the context of a polatuzumab vedotin-con-
taining regimen as the next line of therapy.

Safety

Safety of mosun-pola was consistent in the overall safety population
andinthe phase 2 dose-expansion cohort treated at the RP2D (Table 3
and Extended Data Table 1). The most common (>20%) AEs of any grade
inthe overall safety cohort were fatigue (46.7%), neutropenia (35.0%),
diarrhea (30.8%), nausea (30.0%), decreased appetite (22.5%), headache
(21.7%), pyrexia (20.0%) and dry skin (20.0%) (Table 3).
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Fig.2|Kaplan-Meier plots by IRC. a, DoR in responders (n = 58).b, DoCR in complete responders (n = 45). c,d, Progression-free survival (c) and overall survival (d) in
the dose-expansion cohort (n = 98; efficacy-evaluable population).
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a No. of
Subgroups patients  CR (95% Cl)
Overall 98 46% (36-56) ——1
|
Sex |
Female 28 54% (34-72) e
Male 70 43% (31-55) —er—i
Age group, in years |
<75 70 44% (32-57) e
275 28 50% (31-69) —te—
Ann Arbor stage at study entry !
Stage I-Il 13 31% (9-61) e
Stage Il 23 57% (34-77) e
Stage IV 62 45% (32-58) e
NHL subtype ( ) |
DLBCL 68 50% (38-62, JED—
HGBCL 18 39% (17-64) e
FL3b 4 50% (7-93) e
trFL 8 25% (3-65) e
Double or triple hit (MYC and BCL2/BCL6) I
Double/triple-hit 16 25% (7-52) 1+
Non-double/triple-hit 78 50% (38-62) —o—
|
Cell of origin
53 36% (23-50) Ly
Non-GCB (by IHC and ABC by GEP) 32 59% (41-76) I R —
I
Bulky disease (>10 cm) |
Yes 6 17% (0-64) e
No 92 48% (37-58) e
No. of prior lines of therapy I
1 35 49% (31-66) ——te——
2 21 57% (34-78) e
3 19 37% (16-62) e
24 23 39% (20-61) I
Relapse or refractory to any prior anti-CD20 therapy |
Refractory 80 39% (28-50) ey
Non-refractory 18 78% (52-94) | e
Time since last CD20 (days) ‘
<3 months 30 27% (12-46) ;—.—{
>3 months 67 55% (43-67) et
Prior autologous stem cell transplant I
Yes il 55% (23-83) S —
No 87 45% (34-56) [R
Relapse or refractory to last prior therapy |
Refractory 76 38% (27-50) —e—1y
Non-refractory 22 73% (50-89) I
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Fig. 3| Prespecified subgroup analysis of complete response and ORR in the
dose-expansion cohort. a,b, Complete response (CR) rates (a) and ORR (b) were
determined by anIRC. Squares denote the rates, and error bars indicate two-sided
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exact Clopper-Pearson 95% Cls. The dashed line indicates the response in
the overall main analysis cohort (n = 98). ABC, activated B cell-like; GEP, gene
expression profiling; trFL, transformed follicular ymphoma.

Grade 3/4 AEs were reported in 56.7% of patients in the over-
all safety cohort, and the most common (=5%) grade 3/4 AEs were
neutropenia (25.0%) and fatigue (6.7%) (Table 3). Causality of
treatment-related AEs was assessed by the INV. Treatment-related
grade 3/4 AEs occurredin 38.3% of patients, and grade 5 AEs (notinclud-
ing progressive disease) occurred in five patients (two patients (1.7%)
had COVID-19 pneumonia, and one patient (0.8%) each had respiratory
failure, sudden cardiac deathand pneumonia). Twelve patients (10.0%)
experienced AEs that led to mosunetuzumab and/or polatuzumab
vedotin discontinuation, of which eight were considered treatment
related: one event each of pneumonitis (grade 3), cellulitis (grade 3)
and encephalopathy (grade 4); two events of peripheral neuropathy
(grade 1and 2, respectively); and three events of peripheral sensory
neuropathy (two grade 2 and one grade 3). AEs led to mosunetuzumab
doseinterruptionin45 patients (37.5%) and polatuzumab vedotin dose
modification/interruptionin 39 patients (32.5%) (Table 3).

Cytokine release syndrome (CRS) occurred in 20 of 120 patients
(16.7%; Table 3). Twelve patients (10.0%) had grade 1 CRS; five (4.2%) had
grade 2 CRS; and three (2.5%) had grade 3 CRS. CRS onset most com-
monly occurred after C1D1 (eight patients, 6.7%) or C1D15 (11 patients,
9.2%), and two patients (1.7%) had CRS after C1D8. One patient had
recurrent CRS with a grade 1 event after C1D1, a further grade 2 event
after C1D15and then no subsequent events (Extended Data Fig.3). The
median time to first CRS onset relative to the most recent dose was 1 day
(range, 0-2), and the median duration of CRSwas 2 days (range, 1-5). No

patients developed CRS events beyond C1. CRS management strategies
consisted of corticosteroids in six of 20 patients (30.0%), intravenous
fluidsin four of 20 patients (20.0%), tocilizumab in three of 20 patients
(15.0%), and a single vasopressor and high-flow and low-flow oxygen
eachintwo of 20 patients (10.0%) (Extended Data Table 2). Rates of CRS
inthe dose-expansion cohort were consistent with those in the overall
population (any-grade CRSin18/98 patients (18.4%), including grade 1
in10 patients (10.2%), grade 2 in five patients (5.1%) and grade 3 in three
patients (3.1%)) (Table 3).

Treatment-related neurologic AEs potentially consistent with
immune effector cell-associated neurotoxicity syndrome (ICANS)
occurred insix patients (5.0%) in the overall safety population, of whom
five (5.1%) were in the dose-expansion cohort. Five patients had grade 1
events of lethargy, attention changes, syncope, confusion and mental
status change, respectively. One patient had grade 4 encephalopathy
onstudy D12inthe context of baseline mild dementiamade worse from
hospitalization and acute congestive heart failure leading to hypoxia.
Another patient had grade 3 confusional state and grade 3 dysarthriain
the setting of concurrent grade 2 CRS and grade 3 pneumonia (all start-
ing on study D23), and the patient ultimately died from pneumonia.

Peripheral neuropathy occurred in 37 of 120 patients (30.8%), of
whom 35 (29.2%) experienced events that were considered related
to treatment. Of these, 34 patients (28.3%) had grade 1 or 2 events,
and three patients (2.5%) had grade 3 events, which included two
events of neuropathy peripheral and one event of sensory peripheral
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Table 3 | AE summary in the overall cohort (R/R NHL in the
dose-escalation and dose-expansion cohorts; n=120) and
the dose-expansion cohort (R/RLBCL; n=98)

n (%) Overallcohort, Dose-expansion
n=120 cohort, n=98
Any AE 119 (99.2) 97 (99.0)

Most common AEs (occurring in 220% of patients)

Fatigue 56 (46.7) 45 (45.9)
Neutropenia® 42 (35.0) 29 (29.6)
Diarrhea 37(30.8) 24 (24.5)
Nausea 36 (30.0) 26 (26.5)
Decreased appetite 27 (22.5) 21(21.4)
Headache 26 (21.7) 21(21.4)
Pyrexia 24 (20.0) 22(22.4)
Dry skin 24.(20.0) 21(21.4)
CRS® 20(16.7) 18 (18.4)
Any mosun-pola-related AE 108 (90.0) 88(89.8)
Any grade 3/4 AE 68 (56.7) 54 (55.1)

Most common grade 3/4 AEs (occurring in 25% of patients)

Neutropenia® 30 (25.0) 20 (20.4)
Fatigue 8(6.7) 6(6.1)
Any mosun-pola-related grade 3/4 AE 46 (38.3) 34(34.7)
Grade 5 AEs (not including progressive 5 (4.2) 3(31)

disease)®
Mosun-pola-related grade 5 AE 0 0

AEs of special interest

CRS
Grade 3 3(2.5) 3(81)
Grade 4 0 0

Treatment-related neurologic AEs potentially consistent with ICANS

Grade 1 4(3.3) 3(31)
Grade 2 0 0
Grade 3 1(0.8) 1(1.0)
Grade 4 1(0.8) 1(1.0)
Grade 1tumor flare 1(0.8) 1(1.0)
Febrile neutropenia 0 0
Any AE leading to discontinuation of 7(5.8) 4(4.)
mosunetuzumab
Any mosunetuzumab-related 2(1.7) 1(1.0)
AE leading to discontinuation of
mosunetuzumab
Any AE leading to discontinuation of 11(9.2) 7(71)

polatuzumab vedotin

Any polatuzumab vedotin-related 7(5.8) 4(4.)
AE leading to discontinuation of
polatuzumab vedotin

Any AE leading to mosunetuzumab 45 (37.5) 37(37.8)
dose interruption

Any AE leading to polatuzumab 39(32.5) 32(32.7)
vedotin dose modification/interruption

?Includes the preferred terms neutropenia and decreased neutrophil count. "According
to ASTCT 2019 criteria. °Grade 5 AEs in the overall cohort included two patients (1.7%) with
COVID-19 pneumonia and one patient (0.8%) each with respiratory failure, sudden cardiac
death and pneumonia. Grade 5 AEs in the dose-expansion cohort included two patients
(2.0%) with COVID-19 pneumonia and one patient (1.0%) with pneumonia.

neuropathy. Among 37 patients who experienced peripheral neuropa-
thy events, 11 (29.7%) had recovered by the time of data cutoff. Median
time to onset of first peripheral neuropathy events was 39 days (range,
1-223), with amedian duration of 55 days (range, 1-353). Five patients
(4.2%) experienced peripheral neuropathy events that led to polatu-
zumab vedotin discontinuation. Similar rates of peripheral neuropathy
were observed during dose expansion, in whichevents occurredin 28
patients (28.6%; all grade 1 or 2) and were considered to be related to
treatment in 26 patients (26.5%).

Neutropenia occurred in 42 of 120 patients (35.0%; grade 3 or 4,
25.0%),of whom 38 (31.7%) experienced neutropenia that was considered
related to treatment. A total of 33 0of 40 patients (82.5%) with recovered/
resolved neutropenia received granulocyte colony-stimulating factor.
The mediantime to onset of neutropeniawas 43 days (range, 2-168), and
the median durationwas 8 days (range, 1-809). There were no events of
febrile neutropenia. No seriousinfections with concurrent neutropenia
were noted. Rates of neutropenia in the dose-expansion cohort were
consistent with those in the overall population (any-grade neutropenia
in 29/98 patients (29.6%), grade 3 or 4,20.4%), and 27 patients (27.6%)
experienced neutropenia that was considered related to treatment.

Tumor flare events were reported in three patients (2.5%), all of
which occurred before C2. All events were grade 1, non-serious and
resolved by the time of data cutoff.

Infections occurredin47 of 120 patients (39.2%; grade 3 or 4, 8.3%),
of whom 17 (14.2%) experienced infections that were considered related
totreatment. The most commoninfection was pneumoniain11 patients
(9.2%). Grade 5 infection occurred in three patients (2.5%), including
one event of non-COVID pneumoniaand two events of COVID-19 pneu-
monia. Ten patients (8.3%) had COVID-associated AEs. Among these,
five patients (4.2%) were reported to have COVID-19 (including one
grade 3 eventand onegrade 4 event). Another five patients (4.2%) were
reported to have COVID-19 pneumonia, of whomtwo (1.7%) had grade
3eventsandtwo (1.7%) had grade 5events (previously described). One
patient (0.9%) had grade 3 severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) sepsis, and one patient (0.9%) had grade 2 coro-
navirus test positive. In these 10 patients with COVID-related events,
two patients (1.7%) had serious COVID-19, and four patients (3.3%) had
serious COVID-19 pneumonia. Rates of infectionin the dose-expansion
cohortwere consistent with those in the overall population (any-grade
infectionin 40/98 patients (40.8%); grade 3 or 4, 8.1%), and 13 patients
(13.3%) experienced infection that was considered related to treatment.

Pharmacokinetics

The pharmacokinetics of mosunetuzumab administered in combina-
tion with polatuzumab vedotin in the phase 2 dose-expansion cohort
were comparable to those previously reported with single-agent mosu-
netuzumab (Extended Data Fig. 4)">*.

Pharmacodynamics
T cell activation, using the early activation marker CD69, was not
observed after polatuzumab vedotin administration alone. However,
percentages of both CD69'CD4" and CD69'CDS8" T cells were elevated
2 h after mosunetuzumab administration at the initial step-up dose
(C1D1) and at the target dose on D15 (Extended Data Fig. 5a). Increases
inHLA-DR' T cells were observed after mosunetuzumab administration
onC1D15and C2D1 (Extended DataFig. 5b). Consistent with the pharma-
codynamiceffects of mosunetuzumab onT cells, margination was not
observed with polatuzumab vedotinalone but was seen with subsequent
doses of mosunetuzumab. Overall, prior exposure with polatuzumab
vedotindid not negatively influence the previously observed pharma-
codynamiceffectsonT cells seen with mosunetuzumab monotherapy
(Extended DataFig. 5¢)*. There was no clear association of these phar-
macodynamic changes with clinical response.

B cell recovery was assessed given that the mosun-pola regimen
targets two distinct B cell lineage markers. B cell counts were evaluated
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in patients who achieved a complete response. Patients with partial
response or stable disease were excluded from the analysis, as circulat-
ingtumor B cells and loss of long-term follow-up at time of progression
could confound interpretation. Twenty-seven patientswho achieved a
completeresponse and had atleast one B cell measurement at baseline,
during treatment and during the follow-up period were included in this
subset analysis. The median follow-up was 25 months (range, 13.5-35.9)
for these 27 patients. Median time to B cell recovery, defined as CD19*
cells =70 cells per microliter (cells/pl), was 12.4 months (95% ClI: 11.9-
NE) from completion of C8 (13/27 patients) (Extended Data Fig. 6).

Discussion

Primary analysis results from this phase 1b/2 dose-escalation and
dose-expansion study demonstrated that mosun-pola is an effective
therapy with durable responses and a manageable safety profile in
patients with R/RLBCL. The MTD was not reached, and the RP2D of
mosunetuzumab was established as 1/2/60/30 mg in combination
with polatuzumab vedotin.

Patients with R/RLBCL in the dose-expansion cohort treated at the
RP2D were observed to have responses of 59.2%, including complete
responsein45.9% of patients. With afollow-up of almost 2 years, median
PFS was 11.4 months, and median DoCR was not reached. Patients who
had received prior CAR-T cell therapy and other high-risk subpopula-
tions (DH/THL, HGBCL and primary refractory disease) demonstrated
promising efficacy, which is clinically meaningful given the aggressive
nature of the disease.

Although comparing across different patient populations and
small sample sizes, previous studies showed that single-agent mosu-
netuzumab achieved a complete response rate of 24%°, whereas
polatuzumab vedotin achieved acomplete response rate of 13%*. The
complete response rate (45.9%) suggests asynergistic relationship for
the mosun-pola combination.

The overall safety profile of mosun-polawas consistent betweenthe
overallsafety cohortand the dose-expansion cohort treated at the RP2D;
was comparable to those of the individual agents in patients with R/R
B-NHL***; and did not identify new safety signals. The observed safety
profile supports the outpatient use of this regimen. Treatment-related
AEs leading to mosun-pola discontinuation were reported in 10% of
the patient population. Multiple features of this regimen, including
mosunetuzumab Clstep-up dosing and the combination with polatu-
zumab vedotin on D1 to hypothetically reduce tumor burden, effec-
tively mitigated CRS. CRS occurred in 16.7% of patients in the overall
population and was limited to C1, with only 2.5% grade 3 events and no
grade 4 events. The overall CRS incidence was lower than that previ-
ously reported with mosunetuzumab monotherapy®. All CRS events
resolved with low utilization of treatments necessitating intensive
medical care. Similar to other bispecific antibodies'>* and in contrast
to CAR-T cell therapies® >, theincidence of potential ICANS was low at
5%, withthe majority being grade 1events. Although treatment-related
tumor flare events were observed, the incidence was low (2.5%). These
safety resultsarein line withthose reportedinthe mosunetuzumabR/R
DLBCL monotherapy trial®. Rates of treatment-related neuropathy
(29.2%) were comparable with previous reports of mosunetuzumab®
and polatuzumab vedotin monotherapies”. Although neutropeniawas
the most common AE (35.0%; grade >3,25.0%), low rates of concurrent
serious infection and no febrile neutropenia were observed.

The addition of polatuzumab vedotin to mosunetuzumab had
minimalimpacton T cell activation by mosunetuzumab, as measured
by CD69' T cells or T cell margination. There was no clinical correla-
tion between these pharmacodynamic markers and clinical outcome.
The combination therapy also demonstrated a median time to B cell
recovery of 12 months after completion of treatment.

Previous studies exploring regimens in the second-line or later
settings reported a best ORR of 62% and a median PFS of 5.4 months
for polatuzumab plus bendamustine and rituximab'® and an ORR

of 60% and median PFS of 11.6 months for tafasitamab plus lena-
lidomide (tafa-len)™. Notably, the current study enrolled a higher
proportion of primary refractory patients (57.5% versus 19.0%) and
post-CAR-T cell therapy patients (35% versus 0%) compared to the
tafa-len population in the L-MIND study®. A real-world study of tafa-len
across 11 US institutions with 178 patients noted an ORR of 31% and a
median PFS of 1.9 months™®. Clinical trials of CAR-T cell therapy in the
second-line and third-line settings, across both transplant-eligible
and transplant-ineligible patient groups, have reported response
rates ranging from 45% to 92%, median PFS ranging from 3 months to
14.7 months and 1-year PFS rates of approximately 30-50%7%**37*2,
However, 78-95% of patients undergoing CAR-T cell therapy experi-
ence grade 3 or higher AEs. For example, all-grade CRS events were
observed in 38-93% of patients*****, In studies of CAR-T cell therapies
intended for transplant-ineligible patients, prolonged grade 3 or higher
cytopenia events were observed in more than 30% of patients’’. Many
feasibility challenges to CAR-T cell delivery, including limited manufac-
turing capacity, referral to specialist centers, gaps ininfrastructure and
logistic hurdles for physicians and patients, have led to discussions of
prioritizing or developing systems to allocate resources to accommo-
date the medical demand*~*¢. More recently, other bispecific antibody
monotherapies have beenapproved, generating responses of 52-63%
in patients with R/R LBCL, median PFS ranging between 4.4 months
and 4.9 months and median DoCR of 12 months to not reached with a
follow-up of approximately 1 year>",

Inthe current study, cell of origin (COO) was assessed by inves-
tigators. A numerically greater response was observed in patients
with R/R non-germinal center B cell-like (GCB) LBCL compared
to those with R/R GCB-LBCL. However, there remains a benefit in
patients with GCB-LBCL; the ORR and complete response rates were
55% and 36%, respectively. Comparatively, complete remissions
with single-agent mosunetuzumab in third-line and later R/R LBCL
were 24% in GCB and 28% in non-GCB?°. Other regimensinR/RLBCL,
such astafa-len, have also demonstrated numerically higher overall
responses in non-GCB than GCB (68.5% versus 42.9%)*. Although
we recognize the ease and simplicity of COO, other molecular clas-
sifiers, including LymphGen, DZsig and the Chapuy classifier, may
serve as a more nuanced prognostic and predictive biomarkers
in LBCL**™'. Biomarker analyses of these molecular subgroups in
the POLARIX study may provide further information of predictive
strategies other than COO. Additionally, although polatuzumab
vedotin may have a heightened sensitivity based on molecular clas-
sification of LBCL, mosunetuzumab is an immune-based targeted
therapy with a mechanism of action that is likely independent of
COO. Our subgroup analysis is based on a small sample size, and
additional analysisis needed to determine whether the combination
of mosun-pola potentially transcends COO.

The migration of polatuzumab vedotin to the front-line setting
identifies aneed to understand the ability to retreat with polatuzumab
vedotin. Similar to repeated CD20 targeting, polatuzumab vedotin
retreatment may be possible if CD79B expression is retained and
polatuzumab vedotin-associated toxicities are limited. In this study,
two patients were retreated with mosun-pola while still on study, and
five patients were retreated with polatuzumab vedotin as acomponent
of next anti-lymphoma therapy. However, a larger cohort of patients
is necessary to further guide clinical practice. In patients treated
with polatuzumab vedotin-based therapy in the front-line setting,
mosun-polamay be suited for patients who are not refractory to polatu-
zumab vedotin and have no substantial polatuzumab vedotin-specific
contraindications or persistent AEs.

The rapidly evolving treatment landscape for R/R LBCL offers
patients multiple options. Inthe second-line transplant-ineligible space,
treatment options may include tafa-len, CAR-T cell therapy and tradi-
tional chemotherapy, with selection dependent upon potential for cure.
Acknowledging differences in study design, patient populations and
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caveats of cross-trial comparisons, the clinical outcomes and safety pro-
file of mosun-polaare encouraging. The benefits of mosun-polalieinits
relatively high activity, durable responses and ease of administration as
afixed-duration regimen applicable to community oncology practices.
Additionally, mosun-polais distinguished as a bispecific antibody combi-
nationwithanon-traditional chemotherapy partner. Despite transplant
eligibility being anexclusion criterion, some patients were able toreceive
ASCT, allogeneic SCT and CAR-T cell therapy after mosun-pola, suggest-
ing that disease status and/or disease-associated comorbidities were
contributory features for transplantineligibility at the time of enrollment.
Inparticular, some patients were resistant to salvage therapy yet achieved
aresponse to mosun-pola, which facilitated subsequent eligibility for
consolidation with ASCT, allogeneic SCT or CAR-T cell therapy.

Our study is limited by its single-arm design and the potential for
selection bias. Furthermore, although the responses in high-risk sub-
groups are promising, the study is underpowered to assess efficacy in
these subgroups. Additional translational studies are needed to fully
understand mechanisms of resistance to this combination regimen.
CD20loss hasbeenobserved asamechanismof acquired resistance to
treatment regimens targeting CD20, including mosunetuzumab®* >,
Data assessing CD79B levels are more limited; however, measure-
ments by immunohistochemistry and RNA-based gene expression
have demonstrated results consistent with other lineage markers that
exhibit generally high, consistent expression patterns in pre-dose
biopsy specimens from patients with R/R DLBCL'. Limitations of the
study alsoinclude the lack of patients with prior polatuzumab vedotin
exposure and the lack of systematic polatuzumab vedotin retreatment
data. Additional data are needed in patients with prior polatuzumab
vedotin exposure, particularly in the non-GCB subgroup. Nonethe-
less, the current results led to the development of the ongoing global,
randomized, open-label phase 3 study (SUNMO: NCT05171647), which
is evaluating the efficacy and safety of mosun-polain patients with R/R
aggressive B-NHL who are ineligible for ASCT, a study that permits prior
treatment with polatuzumab vedotin®®.

In conclusion, this phase 1b/2 study demonstrated that
mosun-pola, a combination regimen targeting two biologically rel-
evant B cell targets using a T-cell-engaging bispecific antibody and
an antibody-drug conjugate, induced durable responses in patients
with R/R LBCL, including patients with poor clinical and pathologic
prognostic features, such as relapse after CAR-T cell therapy. Despite
enrolling patients with poor prognostic features, the regimen has a
safety profile that is manageable in an outpatient setting. Based on
the observed efficacy and safety profile, mosun-pola holds promise
for patients with aggressive R/RLBCL ineligible for ASCT or aggressive
intense immunochemotherapy.

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
availability areavailable at https://doi.org/10.1038/s41591-023-02726-5.

References

1. Swerdlow, S. H. et al. The 2016 revision of the World Health
Organization classification of lymphoid neoplasms. Blood 127,
2375-2390 (2016).

2. Coiffier, B. et al. CHOP chemotherapy plus rituximab compared
with CHOP alone in elderly patients with diffuse large-B-cell
lymphoma. N. Engl. J. Med. 346, 235-242 (2002).

3. Tilly, H. et al. Polatuzumab vedotin in previously untreated diffuse
large B-cell lymphoma. N. Engl. J. Med. 386, 351-363 (2022).

4. Sehn, L. H. & Gascoyne, R. D. Diffuse large B-cell lymphoma:
optimizing outcome in the context of clinical and biologic
heterogeneity. Blood 125, 22-32 (2015).

10.

.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

Kamdar, M. et al. Lisocabtagene maraleucel versus standard of
care with salvage chemotherapy followed by autologous stem
cell transplantation as second-line treatment in patients with
relapsed or refractory large B-cell lymphoma (TRANSFORM):
results from an interim analysis of an open-label, randomised,
phase 3 trial. Lancet 399, 2294-2308 (2022).

Locke, F. L. et al. Axicabtagene ciloleucel as second-Ilne therapy
for large B-cell lymphoma. N. Engl. J. Med. 386, 640-654 (2022).
Houot, R. et al. Axicabtagene ciloleucel in large B cell lymphoma
ineligible for autologous stem cell transplantation: the phase 2
ALYCANTE trial. Nat. Med. 29, 2593-2601 (2023).

Gisselbrecht, C. & Van Den Neste, E. How | manage patients with
relapsed/refractory diffuse large B cell lymphoma. Br. J. Haematol.
182, 633-643 (2018).

Sehgal, A. et al. Lisocabtagene maraleucel as second-line therapy
in adults with relapsed or refractory large B-cell lymphoma who
were not intended for haematopoietic stem cell transplantation
(PILOT): an open-label, phase 2 study. Lancet Oncol. 23, 1066-
1077 (2022).

Luo, M. et al. CAR-T cell therapy: challenges and optimization.
Crit. Rev. Immunol. 41, 77-87 (2021).

Sterner, R. C. & Sterner, R. M. CAR-T cell therapy: current
limitations and potential strategies. Blood Cancer J. 11, 69 (2021).
Dickinson, M. J. et al. Glofitamab for relapsed or refractory diffuse
large B-cell lymphoma. N. Engl. J. Med. 387, 2220-2231(2022).
Thieblemont, C. et al. Epcoritamab, a novel, subcutaneous
CD3xCD20 bispecific T-cell-engaging antibody, in relapsed or
refractory large B-cell lymphoma: dose expansion in a phase I/II
trial. J. Clin. Oncol. M, 2238-2247 (2023).

Caimi, P. F. et al. Loncastuximab tesirine in relapsed/refractory
diffuse large B-cell lymphoma: long-term efficacy and safety
from the phase 2 LOTIS-2 study. Haematologica https://doi.
org/10.3324/haematol.2023.283459 (2023).

Salles, G. et al. Tafasitamab plus lenalidomide in relapsed or
refractory diffuse large B-cell lymphoma (L-MIND): a multicentre,
prospective, single-arm, phase 2 study. Lancet Oncol. 21, 978-988
(2020).

Sehn, L. H. et al. Polatuzumab vedotin in relapsed or refractory
diffuse large B-cell lymphoma. J. Clin. Oncol. 38, 155-165 (2020).
Kalakonda, N. et al. Selinexor in patients with relapsed or
refractory diffuse large B-cell lymphoma (SADAL): a single-arm,
multinational, multicentre, open-label, phase 2 trial. Lancet
Haematol. 7, e511-e522 (2020).

Mounier, N. et al. Rituximab plus gemcitabine and oxaliplatin in
patients with refractory/relapsed diffuse large B-cell lymphoma
who are not candidates for high-dose therapy. A phase Il Lymphoma
Study Association trial. Haematologica 98, 1726-1731(2013).

Gong, |. Y. et al. Comparative effectiveness of salvage
chemotherapy regimens and chimeric antigen T-cell receptor
therapies in relapsed and refractory diffuse large B cell
lymphoma: a network meta-analysis of clinical trials. Leuk.
Lymphoma 64, 1643-1654 (2023).

Bartlett, N. L. et al. Mosunetuzumab monotherapy is active and
tolerable in patients with relapsed/refractory diffuse large B-cell
lymphoma. Blood Adv. 7, 4926-4935 (2023).

Palanca-Wessels, M. C. et al. Safety and activity of the anti-CD79B
antibody-drug conjugate polatuzumab vedotin in relapsed

or refractory B-cell non-Hodgkin lymphoma and chronic
lymphocytic leukaemia: a phase 1 study. Lancet Oncol. 16,
704-715 (2015).

Sun, L. L. et al. Anti-CD20/CD3 T cell-dependent bispecific
antibody for the treatment of B cell malignancies. Sci. Transl.
Med. 7, 287ra270 (2015).

Cao, Y. et al. Mosunetuzumab and lymphoma: latest updates from
2022 ASH annual meeting. J. Hematol. Oncol. 16, 69 (2023).

Nature Medicine | Volume 30 | January 2024 | 229-239

237


http://www.nature.com/naturemedicine
https://clinicaltrials.gov/ct2/show/NCT05171647
https://doi.org/10.1038/s41591-023-02726-5
https://doi.org/10.3324/haematol.2023.283459
https://doi.org/10.3324/haematol.2023.283459

Article

https://doi.org/10.1038/s41591-023-02726-5

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

42.

43.

Budde, L. E. et al. Safety and efficacy of mosunetuzumab, a
bispecific antibody, in patients with relapsed or refractory
follicular lymphoma: a single-arm, multicentre, phase 2 study.
Lancet Oncol. 23, 1055-1065 (2022).

Pfeifer, M. et al. Anti-CD22 and anti-CD79B antibody drug
conjugates are active in different molecular diffuse large B-cell
lymphoma subtypes. Leukemia 29, 1578-1586 (2015).

US Food and Drug Administration. POLIVY prescribing
information. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2019/761121s000Lbl.pdf (2019).

Chen, D. S. & Mellman, I. Oncology meets immunology: the
cancer-immunity cycle. Immunity 39, 1-10 (2013).

European Medicine Agency. Lunsumio (mosunetuzumab)
summary of product characteristics. https://www.ema.europa.eu/
en/documents/product-information/lunsumio-epar-product-
information_en.pdf. (2022).

US Food and Drug Administration. Mosunetuzumab prescribing
information. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2022/761263s000lbl.pdf (2022).

Cheson, B. D. et al. Recommendations for initial evaluation, staging,
and response assessment of Hodgkin and non-Hodgkin lymphoma:
the Lugano classification. J. Clin. Oncol. 32, 3059-3068 (2014).
Morschhauser, F. et al. Polatuzumab vedotin or pinatuzumab
vedotin plus rituximab in patients with relapsed or refractory
non-Hodgkin lymphoma: final results from a phase 2 randomised
study (ROMULUS). Lancet Haematol. 6, e254-e265 (2019).

Huw, L.-Y. et al. Pharmacodynamic biomarkers of
mosunetuzumab efficacy and safety in patients with relapsed/

refractory non-Hodgkin lymphoma: results from a phase I/l study.

Blood 140, 6448-6449 (2022).
US Food and Drug Administration. FDA grants accelerated
approval to glofitamab-gxbm for selected relapsed or refractory

large B-cell lymphomas. https://www.fda.gov/drugs/drug-approvals-

and-databases/fda-grants-accelerated-approval-glofitamab-
gxbm-selected-relapsed-or-refractory-large-b-cell (2023).
Nastoupil, L. J. et al. Standard-of-care axicabtagene ciloleucel for
relapsed or refractory large B-cell lymphoma: results from the US
Lymphoma CAR T Consortium. J. Clin. Oncol. 38, 3119-3128 (2020).
Pasquini, M. C. et al. Real-world evidence of tisagenlecleucel

for pediatric acute lymphoblastic leukemia and non-Hodgkin
lymphoma. Blood Adv. 4, 5414-5424 (2020).

Wudhikarn, K. et al. DLBCL patients treated with CD19 CART cells
experience a high burden of organ toxicities but low nonrelapse
mortality. Blood Adv. 4, 3024-3033 (2020).

Budde, L. E. et al. Single-agent mosunetuzumab shows durable
complete responses in patients with relapsed or refractory B-cell
lymphomas: phase | dose-escalation study. J. Clin. Oncol. 40,
481-491(2021).

Qualls, D. A. et al. Tafasitamab and lenalidomide in large B cell
lymphoma: real-world outcomes in a multicenter retrospective
study. Blood https://doi.org/10.1182/blood.2023021274 (2023).
Abramson, J. S. et al. Lisocabtagene maraleucel for patients with

relapsed or refractory large B-cell lymphomas (TRANSCEND NHL 001):

a multicentre seamless design study. Lancet 396, 839-852 (2020).
Bachy, E. et al. A real-world comparison of tisagenlecleucel and
axicabtagene ciloleucel CAR T cells in relapsed or refractory
diffuse large B cell lymphoma. Nat. Med. 28, 2145-2154 (2022).
Neelapu, S. S. et al. Axicabtagene ciloleucel CAR T-cell therapy in
refractory large B-cell lymphoma. N. Engl. J. Med. 377, 2531-2544
(2017).

Schuster, S. J. et al. Tisagenlecleucel in adult relapsed or
refractory diffuse large B-cell lymphoma. N. Engl. J. Med. 380,
45-56 (2019).

Mikhael, J. et al. Chimeric antigen receptor T-cell therapies: barriers
and solutions to access. JCO Oncol. Pract. 18, 800-807 (2022).

44. Bell, J. A. H. et al. Mitigating inequity: ethically prioritizing patients
for CAR T-cell therapy. Blood 142, 1263-1270 (2023).

45. CADTH. Axicabtagene ciloleucel for non-Hodgkin lymphoma:
implementation and ethics project protocol. https://www.cadth.ca/
sites/default/files/pdf/ct0002-axi-cel-for-dlbcl-implementation-
and-ethics-protocol.pdf (2019).

46. CADTH. Tisagenlecleucel for acute lymphoblastic leukemia
and diffuse large B-cell lymphoma: project protocol, ethics and
implementation report. https://www.cadth.ca/sites/default/
files/pdf/OP0538_Tisagenlecleucel_for_B-Cell_Protocol.pdf (2018).

47. Five-year subgroup analysis of tafasitamab + lenalidomide from
the phase Il L-MIND study in patients with relapsed or refractory
diffuse large B-cell lymphoma. Poster 324. International
Conference on Malignant Lymphoma (ICML). https://www.
incytemi.com/document/Poster/ICML%202023_L-MIND%205-
year%20Subgroup%20Analysis%20Poster.pdf (2023).

48. Alizadeh, A. A. et al. Distinct types of diffuse large B-cell
lymphoma identified by gene expression profiling. Nature 403,
503-511(2000).

49. Chapuy, B. et al. Molecular subtypes of diffuse large B cell
lymphoma are associated with distinct pathogenic mechanisms
and outcomes. Nat. Med. 24, 679-690 (2018).

50. Ennishi, D. et al. Double-hit gene expression signature defines
a distinct subgroup of germinal center B-cell-like diffuse large
B-cell lymphoma. J. Clin. Oncol. 37, 190-201 (2019).

51. Wright, G. W. et al. A probabilistic classification tool for genetic
subtypes of diffuse large B cell lymphoma with therapeutic
implications. Cancer Cell 37, 551-568 (2020).

52. Ang, Z. et al. Alternative splicing of its 5' UTR limits CD20
mRNA translation and enables resistance to CD20-directed
immunotherapies. Blood 142, 1724-1739 (2023).

53. Johnson, N. A. et al. CD20 mutations involving the rituximab epitope
are rare in diffuse large B-cell lymphomas and are not a significant
cause of R-CHOP failure. Haematologica 94, 423-427 (2009).

54. Rushton, C. K. et al. Genetic and evolutionary patterns of
treatment resistance in relapsed B-cell lymphoma. Blood Adv. 4,
2886-2898 (2020).

55. Schuster, S. J. et al. Characterization of CD20 expression loss
as a mechanism of resistance to mosunetuzumab in patients
with relapsed/refractory B-cell non-Hodgkin lymphomas. J. Clin.
Oncol. 40, 7526 (2022).

56. Westin, J. et al. SUNMO: a phase lll trial evaluating the efficacy
and safety of mosunetuzumab in combination with polatuzumab
vedotin versus rituximab in combination with gemcitabine plus
oxaliplatin in patients with relapsed or refractory aggressive
B-cell non-hodgkin lymphoma. Blood 140, 3771-3772 (2022).

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2023

Nature Medicine | Volume 30 | January 2024 | 229-239

238


http://www.nature.com/naturemedicine
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761121s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761121s000lbl.pdf
https://www.ema.europa.eu/en/documents/product-information/lunsumio-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lunsumio-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/lunsumio-epar-product-information_en.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/761263s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/761263s000lbl.pdf
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-grants-accelerated-approval-glofitamab-gxbm-selected-relapsed-or-refractory-large-b-cell
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-grants-accelerated-approval-glofitamab-gxbm-selected-relapsed-or-refractory-large-b-cell
https://www.fda.gov/drugs/drug-approvals-and-databases/fda-grants-accelerated-approval-glofitamab-gxbm-selected-relapsed-or-refractory-large-b-cell
https://doi.org/10.1182/blood.2023021274
https://www.cadth.ca/sites/default/files/pdf/ct0002-axi-cel-for-dlbcl-implementation-and-ethics-protocol.pdf
https://www.cadth.ca/sites/default/files/pdf/ct0002-axi-cel-for-dlbcl-implementation-and-ethics-protocol.pdf
https://www.cadth.ca/sites/default/files/pdf/ct0002-axi-cel-for-dlbcl-implementation-and-ethics-protocol.pdf
https://www.cadth.ca/sites/default/files/pdf/OP0538_Tisagenlecleucel_for_B-Cell_Protocol.pdf
https://www.cadth.ca/sites/default/files/pdf/OP0538_Tisagenlecleucel_for_B-Cell_Protocol.pdf
https://www.incytemi.com/document/Poster/ICML%202023_L-MIND%205-year%20Subgroup%20Analysis%20Poster.pdf
https://www.incytemi.com/document/Poster/ICML%202023_L-MIND%205-year%20Subgroup%20Analysis%20Poster.pdf
https://www.incytemi.com/document/Poster/ICML%202023_L-MIND%205-year%20Subgroup%20Analysis%20Poster.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Article https://doi.org/10.1038/s41591-023-02726-5

LihuaE.Budde®' <, Adam J. Olszewski®?2, Sarit Assouline?®, Izidore S. Lossos ®*, Catherine Diefenbach?®,

Manali Kamdar®, Nilanjan Ghosh’, Dipenkumar Modi®, Waleed Sabry®, Seema Naik'®, Amitkumar Mehta",

Shazia K. Nakhoda'™, Stephen D. Smith™, Kathleen Dorritie', Ting Jia®, Song Pham'®, Ling-Yuh Huw", Jing Jing"”, Hao Wu",
Wahib S. Ead", Iris To"”, Connie Lee Batlevi', Michael C. Wei"” & Julio C. Chavez®®

'City of Hope Comprehensive Cancer Center, Duarte, CA, USA. 2Brown University, Providence, RI, USA. ®Jewish General Hospital, McGill University,
Montreal, Quebec, Canada. “Sylvester Comprehensive Cancer Center, University of Miami Health System, Miami, FL, USA. *Perlmutter Cancer Center

at NYU Langone Health, New York, NY, USA. ®University of Colorado, Aurora, CO, USA. ’Hematologic Oncology and Blood Disorders, Atrium Health
Levine Cancer Institute, Charlotte, NC, USA. ®8Karmanos Cancer Institute/Wayne State University, Detroit, MI, USA. °Saskatoon Cancer Center, Saskatoon,
Saskatchewan, Canada. '°Penn State Cancer Institute, Hershey, PA, USA. "University of Alabama at Birmingham, Birmingham, AL, USA. ?Fox Chase
Cancer Center, Philadelphia, PA, USA. ®*Fred Hutchinson Cancer Center, Seattle, WA, USA. “UPMC Hillman Cancer Center, University of Pittsburgh,
Pittsburgh, PA, USA. ®Roche (China) Holding Ltd, Shanghai, China. ®F. Hoffmann-La Roche Ltd, Mississauga, Ontario, Canada. "Genentech, Inc.,

South San Francisco, CA, USA. ®Moffitt Cancer Center, Tampa, FL, USA. »</e-mail: ebudde@coh.org; Julio.C.Chavez@moffitt.org

Nature Medicine | Volume 30 | January 2024 | 229-239 239


http://www.nature.com/naturemedicine
http://orcid.org/0000-0003-1464-5494
http://orcid.org/0000-0002-6472-6658
http://orcid.org/0000-0002-9346-9013
http://orcid.org/0000-0002-2045-6238
mailto:ebudde@coh.org
mailto:Julio.C.Chavez@moffitt.org

Article

https://doi.org/10.1038/s41591-023-02726-5

Methods

Study design and participants

NCT03671018 is an ongoing, open-label, multicenter, phase 1b
dose-escalation and phase 2 single-arm dose-expansion study of mosu-
netuzumab combined with polatuzumab vedotin (mosun-pola) in B cell
NHL. Here we present results of dose escalation in patients withR/R NHL
and single-arm expansion in second-line or later LBCL.

Insummary, eligible patients were aged >18 years withan Eastern
Cooperative Oncology Group (ECOG) performance status of 0-2, life
expectancy of at least 12 weeks and histologically confirmed LBCL.
Histologically confirmed LBCL was defined as de novo LBCL (that is,
DLBCL), HGBCL (that is, fluorescence in situ hybridization-verified
MYC/BCL2, MYC/BCL6 or MYC/BCL2/BCL6 translocation or site-noted
HGBCL without translocations), grade1-3aFL, transformed FL or grade
3b FL for the phase 1b dose-escalation and phase 2 dose-expansion
cohorts. The phase 1b dose-escalation cohort also included patients
with histologically confirmed grade 1-3a FL, who were included in
safety analyses but excluded from efficacy analyses in this manuscript.
Patients had relapsed disease or disease that was refractory to at least
one previous line of treatment, including an anti-CD20 therapy. Early
relapse was defined as relapse within 12 months of first prior therapy.
Refractory disease was defined as a lack of response or progression
within 6 months of last treatment.

Patients could not have current eligibility for ASCT; eligibility was
decided at the physician’s discretion. Although no specific criteria
were in place to determine whether a patient was eligible for trans-
plant, criteria for transplant ineligibility were captured, including
age, performance status, comorbidities and insufficient response to
salvage therapy. Patients needed to meet only one of these criteria to
be ineligible for ASCT. Further details of key inclusion and exclusion
criteriaare provided below.

Key Inclusion criteria:

« Signedinformed consent form

« Age >18years at time of signing informed consent form

e Ableto comply with the study protocol and procedures in the
investigator’s judgment

+  ECOGPSof0,1or2;life expectancy of at least 12 weeks

» Histologically confirmed FL or DLBCL from the 2016 World

Health Organization classification diagnoses of lymphoid neo-

plasms that has either relapsed or become refractory to a prior

regimen

» Measurable disease, defined as at least one bi-dimensionally
measurable nodal lesion, defined as larger than 1.5 cmin its
longest dimension, or at least one bi-dimensionally measurable
extranodal lesion, defined as larger than 1.0 cm in its longest
dimension

- Pathology report for the initial histopathology diagnosis and the
most recent histopathology diagnosis before study entry must
be provided

« Patients with transformed FL must also provide the pathology
report at the time of disease transformation.

« Theresultsofalltests conducted on the tissue atinitial diagnosis,
including, but not limited to, tests assessing COO, BCL2and MYC
abnormalities, should be provided if done.

« Agreement to provide tumor samples as follows:

« Undergo biopsy from a safely accessible site per investigator
determination

- Patients who are unable to undergo biopsy procedures may be
eligible for study enrollment if archival tumor tissue samples
(paraffinblocks or atleast 20 unstained slides), in place of afresh
biopsy, canbe sent to the sponsor.

- Bonemarrow biopsy and aspirate (if applicable)

» AEsfrom prior anti-cancer therapy resolved to grade <1

» Laboratory findings as follows:

» Adequateliver function: aspartate aminotransferase (AST) and
alanine transaminase (ALT) <2.5x upper limit of normal (ULN)
andtotalbilirubin <1.5x ULN. Patients with a documented history
of Gilbert syndrome and in whom total bilirubin elevations are
accompanied by elevated indirect bilirubin are eligible.

+ Adequate hematologic function: platelet count 75,000/mm?
without transfusion within 14 days before first dose of study
treatment, ANC =1,000/mm? and total hemoglobin =9 g/dl
without transfusion within 21 days before first dose of study
treatment

« Patients with extensive marrow involvement of NHL and/or
disease-related cytopenias (for example, immune thrombo-
cytopenia) may be enrolled if: platelet count is 250,000/mm?
without transfusion within 14 days, absolute neutrophil count
>500/mm?® and any hemoglobin but without transfusion
within7 days.

« International normalized ratio <1.5x ULNin the absence of thera-
peutic anticoagulation

 Partialthromboplastin time or activated partial thromboplastin
time <1.5x ULN in the absence of lupus anticoagulant or thera-
peutic anticoagulation

- Estimated creatinine hydrochloride =50 ml/min by the
Cockroft-Gault method or other institutional standard methods
(for example, based on nuclear medicine renal scan)

» Negative HIV test at screening. Patients with a positive HIV test at
screeningarealso eligible provided they are stable onanti-retroviral
therapy, have a CD4 count =200 per microliter and have an unde-
tectable viral load.

«  Women of childbearing potential must agree to remain abstinent
or use contraceptive measures and agree to refrain from
donating eggs, as defined below:

« Women must remain abstinent or use contraceptive methods
with a failure rate of less than 1% per year during the treatment
period and for 3 months after the final dose of mosunetuzumab
and for 9 months after the final dose of polatuzumab vedo-
tin. Women must refrain from donating eggs during this same
period.

+ For men: agreement to remain abstinent or use acondom and
agree to refrain from donating sperm, as defined below:

- With female partners of childbearing potential or pregnant
female partners, men must remain abstinent or use acondom
during the treatment period and for 6 months after the final
dose of polatuzumab vedotin, to avoid exposing the embryo.
Men must refrain from donating sperm during this same period.

Key exclusion criteria:

+ Inability to comply with protocol-mandated hospitalization and
activity restrictions

« Pregnant or breastfeeding or intending to become pregnant
during the study or within 3 months after the final dose of
mosunetuzumab or within 9 months after the final dose of
polatuzumab vedotin

e Prior treatment with mosunetuzumab or other CD20-directed
bispecific antibodies

e Prior treatment with polatuzumab vedotin

» Current grade >1 peripheral neuropathy

« Prior use of any monoclonal antibody, radioimmunoconjugate
or antibody-drug conjugate within 4 weeks before first dose of
study treatment

« Treatment with any chemotherapeutic agent or treatment with
any other anti-cancer agent (investigational or otherwise) within
4 weeks or five half-lives of the drug, whichever is shorter, before
first dose of study treatment
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Treatment with radiotherapy within 2 weeks before first dose of

study treatment

- Ifpatients have received radiotherapy within 4 weeks before the
first study treatment administration, patients must have at least
one measurable lesion outside of the radiation field. Patients
who have only one measurable lesion that was previously irradi-
ated but subsequently progressed are eligible.

ASCT within 100 days before first study treatment

administration

Prior treatment with CAR-T cell therapy within 30 days before

first study treatment administration

Current eligibility for ASCT in patients with R/R DLBCL, R/R

transformed FL or R/R grade 3b FL

Prior allogeneic SCT

Prior solid organ transplant

Known or suspected history of hemophagocytic

lymphohistiocytosis

History of confirmed progressive multifocal

leukoencephalopathy

History of severe allergic or anaphylactic reactions to monoclo-

nal antibody therapy (or recombinant antibody-related fusion

proteins)

History of other malignancy that could affect compliance with

the protocol or interpretation of results

 Patients with a history of curatively treated basal or squamous
cell carcinoma of the skin or in situ carcinoma of the cervix are
allowed.

 Patients with a malignancy that has been treated with curative
intent will also be allowed if the malignancy has been in remis-
sionwithout treatment for >2 years before first study treatment
administration.

Current or past history of central nervous system (CNS)

lymphoma

Current or past history of CNS disease, such as stroke, epilepsy,

CNS vasculitis or neurodegenerative disease

« Patients with a history of stroke who have not experienced a
stroke or transient ischemic attack in the past 2 years and have
no residual neurologic deficits as judged by the investigator
are allowed.

- Patientswithahistory of epilepsy who have had noseizuresinthe
past 2 years while not receiving any anti-epileptic medications
are allowed in the expansion cohorts only.

Substantial cardiovascular disease, such as New York Heart

Association class Il or IV cardiac disease, myocardial infarction

within the last 6 months, unstable arrhythmias or unstable angina

Substantial active pulmonary disease (for example, broncho-

spasm and/or obstructive pulmonary disease)

Known active bacterial, viral, fungal, mycobacterial, parasitic

or other infection (excluding fungal infections of nail beds) at

study enrollment or any major episode of infection requiring

treatment with intravenous antibiotics or hospitalization

(relating to the completion of the course of antibiotics) within

4 weeks before first study treatment administration

Known or suspected chronic active Epstein-Barr virus infection

Recent major surgery within 4 weeks before first study treatment

administration

» Protocol-mandated procedures (for example, tumor biopsies
and bone marrow biopsies) are permitted.

Positive test results for chronic hepatitis B infection

« Patients with occult or prior hepatitis B infection (defined as
positive total hepatitis B core antibody and negative HBsAg)
may be included if hepatitis B virus (HBV) DNA is undetecta-
ble at the time of screening. These patients must be willing to
undergo monthly DNA testing and appropriate antiviral therapy
asindicated.

« Acute or chronic hepatitis C virus (HCV) infection

 Patients who are positive for HCV antibody must be negative
for HCV by polymerase chain reaction (PCR) to be eligible for
study participation.

» Administration of a live, attenuated vaccine within 4 weeks
before first dose of study treatment administration or anticipa-
tion that such a live, attenuated vaccine will be required during
the study
+ Patients mustnotreceivelive, attenuated vaccines while receiv-

ing study treatment and after the last dose until B cell recovery
to the normal ranges. Killed vaccines or toxoids should be given
atleast 4 weeks before the first dose of study treatment to allow
development of sufficientimmunity.

« Inactivated influenza vaccination should be given during local
influenzaseason only.

« Investigators should review the vaccination status of potential
study patients being considered for this study and follow the
US Centers for Disease Control and Prevention guidelines for
adult vaccination with any other non-live vaccines intended to
preventinfectious diseases before study.

« History of autoimmune disease, including, but not limited to,
myasthenia gravis, myositis, autoimmune hepatitis, systemic
lupus erythematosus, rheumatoid arthritis, inflammatory bowel
disease, vascular thrombosis associated with antiphospho-
lipid syndrome, Wegener granulomatosis, Sjogren syndrome,
Guillain-Barré syndrome, multiple sclerosis, vasculitis or
glomerulonephritis

« Received systemic immunosuppressive medications (including,
but not limited to, cyclophosphamide, azathioprine, methotrex-
ate, thalidomide and anti-tumor necrosis factor agents) with the
exception of corticosteroid treatment <10 mg per day pred-
nisone or equivalent within 2 weeks before first dose of study
treatment
« Theuseofinhaled corticosteroidsis permitted. The use of min-

eralocorticoids for management of orthostatic hypotension is
permitted.

« Theuseof physiologic doses of corticosteroids for management
of adrenalinsufficiency is permitted.

« Patients who received acute, low-dose, systemic immuno-
suppressant medications (for example, single dose of dexa-
methasone for nausea or Bsymptoms) may be enrolled.

< Clinically substantial history of liver disease, including viral or
other hepatitis, current alcohol abuse or cirrhosis

» Anyserious medical condition or abnormality in clinical labora-
tory tests that, in the INV’s judgment, precludes the patient’s
safe participation in and completion of the study or which could
affect compliance with the protocol or interpretation of results

The overall safety population included patients with histologi-
cally confirmed LBCL (as defined as de novo LBCL, HGBCL, grade 3bFL
and transformed FL) or grade 1-3a FL (n =120). The efficacy analyses
excluded the three patients with histologically confirmed grade 1-3a
FL (n=117).

In the phase 1b dose-escalation (modified 3 + 3 design) cohort,
intravenous mosunetuzumab was administered in 21-day cycles with
Clstep-up dosing to mitigate for CRS—that is, 1 mg on C1D1, followed
by 2 mg on C1D8 and then escalated to a target/loading dose of 9 mg,
20 mg,40 mgor 60 mggiven on C1D15and D1of C2+ (eight or17 cycles
depending on response). In the highest dose group (1/2/60/30 mg),
mosunetuzumab was administered at1 mgon C1D1, followed by 2 mg
on C1D8, 60 mgon C1D15and C2D1and then 30 mg on D1 of C3+, and
this was determined to be the RP2D. Anintravenousinfusion of polatu-
zumab vedotin 1.8 mg/kg was administered prior, starting on D1 of
each 21-day cycle for six cycles. Hospitalization was mandatory for all
patients on D1 of Cland C2inthe dose-escalation cohort.
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In the phase 2 dose-expansion cohort, intravenous mosunetu-
zumab was administered at the RP2D (1/2/60/30 mg) in 21-day cycles.
An intravenous infusion of polatuzumab vedotin 1.8 mg/kg was
administered on D1ofeach 21-day cycle for six cycles. Hospitalization
was not mandatory during treatment in the dose-expansion cohort.

In both phase 1b and 2 cohorts, intravenous corticosteroid pre-
medication (dexamethasone 20 mg or methylprednisolone 80 mg)
was administered 1 hbefore each mosunetuzumab dose during Cland
C2and was optional from C3 onwards, unless the patient experienced
a CRS event in the prior cycle. Certain premedication, such as anti-
pyretics and antihistamines, were allowed during the study but were
not required as part of the protocol.

Phase 1study objectives were to evaluate the safety, tolerability
and pharmacokinetics of mosun-polaas well as preliminary assessment
ofthe anti-tumor activity of the combination regimenin patients with
R/RLBCL.Phase 2 study objectives were to evaluate the efficacy, safety
and pharmacokinetics of mosun-polain patients with R/RLBCL.

All patients provided written informed consent. The study was
approved by institutional review boards or ethics committees at each
center (WCG Clinical, Inc.; NYU School of Medicine, Office of Science
and Research Institutional Review Board; University of Miami, Human
Subject Research Office; Wayne State University, IRB Administration
Office; Advarra; Lifespan Research Protection, Office of Research;
Quebec Integrated Health and Social Services, University Network for
West-Central Montreal; University of Saskatchewan Biomedical Research
Ethics Board, Royal University Hospital; and Penn State Health Milton
S. Hershey Medical Center, Institutional Review Board Human Sub-
jectsProtection Office). The trial was conductedinaccordance with the
Declaration of Helsinki, International Conference on Harmonization
Guidelines for Good Clinical Practice and applicable laws and regulations.
Thestudy protocolisavailable as part of the Supplementary Information.

Recruitment and blinding

This trial was open label with no blinding. Patients were recruited in
15sitesacrosstwo countries (the USAand Canada) among patients of the
site or among patients referred from other hospitals from September
2018 to February 2022. Sites were at either academic or community
hospitals. The phase1portion of the clinical trial was enrolled based on
slotavailability; the study had established sites for the study that would
screen patients at those locations to determine eligibility for the trial.
The phase 2 portion was an open enrollment to the active participating
sites. To participatein this study and before any non-routine baseline
or screening evaluation, investigators at each study site ensured that
each patient was fully informed of the study and had signed awritten
informed consent. The patient’s eligibility was evaluated during the
screening period before enrollment. No bias emerging from recruit-
mentis expected. Patients were enrolled irrespective of gender, which
was self-reported by the patient. Randomization was not performed,
aswe report results from the single-arm dose-expansion cohort.

Biomarker assays

Peripheral blood samples were collected for central flow cytometry
analysis of selected B cell and T cell markers. Whole blood samples
were collected in Becton Dickinson (BD) Vacutainer tubes containing
sodium heparin. For celllabeling, samples were labeled with antibodies
for 30 min in the dark at ambient temperature. Red blood cells were
then lysed, using BioLegend RBC Lysis Buffer for 15 min at ambient
temperature. After centrifugation, samples were washed with BD Stain
Buffer and resuspended in1% formalin fixative. Assay panel tubes were
stored at4 °C and acquired within 4 h of preparation.

CD4 and CDS8 concentrations (cells/pl) were calculated from the
absolute leukocyte counts from a CBC blood sample collected at the
same time using the following formula: CD4 or CD8 (cells/pl) = white
blood cell concentration (cells/pl) x [(CD4 or CD8 event counts)/
(white blood cell event counts)]. Extended Data Fig. 7 illustrates a

schematic example of the gating strategy (accession ID: BC1692812,
C1D1, pre-dose). The cocktail of antibodies consisted of CD4-BV510
(SK3, BD, 562970), HLA-DR PerCP-Cy5.5 (G46-6, BD, 560652), CD69
PE-Cy7 (FN50, BD, 557745) and CD8 APC-H7 (SK-1, BD, 561423).

Samples were acquired on BD FACSCanto Il flow cytometers (BD
Biosciences, designated at ILS-Dublin Canto D, s/n V33896201828)
using FACSDiva software (BD Biosciences, version 6.1.3). CD19* B cell
counts were quantified by a standard TBNK (lymphocyte immuno-
typing) flow cytometry panel at LabCorp. T cellmarkers were measured
with a validated custom panel at ICON (ICON plc). B cell counts were
evaluated in patients who achieved a complete response. CD19" cells
>70 cells/pl was considered the lower level of normal for B cell
recovery”’. A time-to-event analysis was performed to assess time to
B cell recovery. T cell activation was measured by flow cytometry to
assess the impact of polatuzumab vedotin on the pharmacodynamics
of mosunetuzumab.

Assessments

Interim response assessments were obtained between C4D15 and
C4D21 and at primary response assessment (PRA) at the end of C8.
Patients witha complete response at PRA completed treatment at C8,
whereas those with a partial response or stable disease at PRA con-
tinued mosunetuzumab monotherapy for a total of 17 cycles, unless
progressive disease or unacceptable toxicity occurred. The number
of cycles of polatuzumab vedotin was limited to six in total, irrespec-
tive of response. Retreatment with mosunetuzumab monotherapy or
mosun-pola was permitted in patients who experienced progressive
disease after aninitial complete response.

PET and diagnostic-quality CT scans were required at screen-
ing, at the interim response assessment and at the PRA visit. During
follow-up, CT scans with or without PET scans were used. Before a
metabolic complete response was achieved, it was recommended that
PET scans should continue in conjunction with diagnostic-quality CT
scans. Additionally, if progressive disease or relapse was suspected
before the PRA, both PET and diagnostic-quality CT scans should be
performed for tumor assessment. Lugano 2014 criteria were used to
assess overall response to study treatment’°.

When determining best response, the PET scan result was used
unlessitwas missing or not evaluable. There were five patientsin whom
this was the case, so the CT scan result was used instead.

Study endpoints during the phase 1b dose escalation

The primary objectives in the dose-escalation cohort were to evaluate
safety and tolerability and to determine any DLTs, the MTD and the RP2D
of mosunetuzumab in combination with polatuzumab vedotin 1.8 mg/kg.
The secondary objectives were anti-tumor activity, determined by meas-
uringthe completeresponserate at thetime of PRAbased on PET-CT; best
ORR (completeresponse or partial response at any time) on study, based
onPET and/or CT scan;and DoR, defined as the time from the first occur-
rence of adocumented ORR to progressive disease or relapse or death
from any cause, whichever occurred first. Response was determined by
the INV using Lugano 2014 criteria*'. AEs were reported using National
Cancer Institute Common Terminology Criteria for Adverse Events (NCI
CTCAE) version 5.0. CRS events were graded according to American
Society for Transplantation and Cellular Therapy (ASTCT) criteria®®.

Study endpoints during the phase 2 dose expansion

The primary efficacy endpointin the dose-expansion cohort was best
ORRbased on PET-CT and/or CT scan by independent review commit-
tee (IRC) using Lugano 2014 criteria®. Secondary efficacy endpoints
werealso assessed using Lugano 2014 criteria* and included best ORR
onstudybased on PET-CT and/or CT scan determined by the INV; best
complete response rate and complete response rate at PRA based on
PET-CT and/or CT scan determined by the INVand the IRC; DoR deter-
mined by the INVandtheIRC; PFS, defined as the time from first study
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treatment to the first occurrence of progressive disease or relapse or
death fromany cause, whichever occurred first, determined by the INV
and the IRC; and overall survival, defined as the time from first study
treatment to death fromany cause. AEs were reported using NCICTCAE
version 5.0. CRS events were graded according to ASTCT criteria®®.

Statistical analysis

The sample size of the dose-escalation cohort was based on dose-
escalation rules, which was a modified 3 + 3 design. A minimum of
three patients were initially enrolled in each cohort to evaluate DLTs. If
none of thefirst three DLT-evaluable patients experienced a DLT, then
enrollment of the next cohort could proceed. If a patient experienced
aDLT, thenthe cohort was expanded to six patients to be evaluated for
additional DLTs. For the phase 2 dose-expansion cohort, asample size of
100 patients was calculated to provide 99% power to detect a difference
inORR, with atwo-sided significance level of 5%. The primary endpoint
of ORR was to be assessed using an exact binomial test at a one-sided
2.5% level of significance, rejecting the null hypothesis of ORR 42%>".
Completeresponse rates were estimated along with Clopper-Pearson
exact 95% Cls. For DoR and PFS, Kaplan-Meier methods were used to
estimate the medians and event-free rates at 12 months and 24 months.
The Brookmeyer-Crowley method was used to calculate 95% Cls for
the medians, and Greenwood’s formulawas used to calculate standard
errorsand 95% Cls for PFS. FACSDiva software (BD Biosciences, version
6.1.3), FCSExpress (DeNovo, version 4, Clinical Edition) and SAS version
9.4 were used for data analysis.

An internal monitoring committee (IMC) gave recommenda-
tions for study conduct, based on trial safety data, to ensure enhanced
patient safety during study treatment. The IMC consisted of aMedical
Monitor chair, who was not associated with the study, and representa-
tives from Clinical Science, Safety Science and Biostatistics, who were
all external to the study team.

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

Data availability

The sponsor was involved in the design and conduct of the study and
inthe collection, management, analysis and interpretation of the data.
Allauthors had full access to the datain the study.

Qualified researchers may request access to individual patient-
level data through the clinical study data request platform (https://
vivli.org/). Further details on Roche’s criteria for eligible studies
are available at https://vivli.org/members/ourmembers/. For
further details on Roche’s Global Policy on the Sharing of Clinical
Information and how to request access to related clinical study
documents, see https://assets.roche.com/f/176343/x/5590acbc9f/
roche-global-policy-on-sharing-of-clinical-study-information.pdf.
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Extended Data Fig. 2| See next page for caption.
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Extended Data Fig. 2| Kaplan-Meier plots by investigator of: A, duration
of responseinresponders (n = 61), B, duration of complete responsein
completeresponders (n = 50), and C, duration of complete and partial
responses among responders (n = 61), and D, progression-free survivalin
the dose-expansion cohort (n = 98; efficacy-evaluable population). Note:

inPanel Aand C, one patient had PR and PD at the same assessment and was
therefore excluded from the duration of response among responders curves.
CR, complete response; NE, not estimable; No., number; PD, progressive disease;
PR, partial response.
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Extended DataFig. 6 | CD19 B-cell recovery over time in patients who
achieved acomplete response (n = 27) in the dose-escalation and dose-
expansion cohorts. Note: The proportion of patients with low (<70 cells/pL)
ornormal (=70 cells/pL) CD19+ B cell counts at specified timepoints during
treatment and follow-up visits are indicated. C1D1-PRE, C2D1, C3D1and C5D1
represent timepoints before treatment dosing. C1D1 after polatuzumab vedotin

n=25 n=14 n=13 n=10 n=15 n=11
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represents the timepoint 30 minutes after polatuzumab vedotin infusion.

C1D1 after mosunetuzumab represents the timepoint 2 hours after subsequent
mosunetuzumab treatment. The number of patients observed at each time point
is depicted at the bottom of each bar. Months at follow-up were calculated from
the end of initial treatment +45 days. The number of B-cell count assessments
varied for each patient across the study period.
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Extended Data Table 1| AEs in the overall R/R LBCL population (safety-evaluable population)
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Extended Data Table 2 | CRS management in the overall R/R LBCL population (safety evaluable population)

Overall population
N=120
n (%) of all exposed patients with CRS by grade=
Any grade 20 (16.7)
Grade 1 12 (10.0)
Grade 2 5(4.2)
Grade 3 3(2.5)
Treatment in patients with CRS, any grade, n (%)°
Intravenous fluids 4 (20.0)
Single vasopressors 2(10.0)
Multiple vasopressors 0
Low-flow oxygen 2(10.0)
High-flow oxygen 2(10.0)
Corticosteroids 6 (30.0)
Tocilizumab 3(15.0)

an represents the number of patients experiencing CRS at the specified grade; note: some patients
may have experienced CRS at more than one grade. *Percentages are calculated as the proportion of
patients with CRS receiving the particular treatment for CRS. CRS was graded using American
Society for Transplantation and Cellular Therapy criteria. CRS, cytokine release syndrome;

LBCL, large B-cell ymphoma; R/R, relapsed/refractory.

2n represents the number of patients experiencing CRS at the specified grade. Note: some patients may have experienced CRS at more than one grade. "Percentages were calculated as the
proportion of patients with CRS receiving the particular treatment for CRS. CRS was graded using ASTCT criteria.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed
IZ The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

< The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

|X’ A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Gjve P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

O0OX O O00000%

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used for data collection.

Data analysis FACSDiva software (BD Biosciences, version 6.1.3, FCS Express (DeNovo, Version 4, Clinical Edition), and SAS version 9.4

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The sponsor was involved in the design and conduct of the study, collection, management, analysis, and interpretation of the data. All authors had full access to the
data in the study.

Qualified researchers may request access to individual patient-level data through the clinical study data request platform (https://vivli.org/). Further details on




Roche’s criteria for eligible studies are available at https://vivli.org/members/ourmembers/. For further details on Roche’s Global Policy on the Sharing of Clinical
Information and how to request access to related clinical study documents, see https://www.roche.com/ research_and_development/
who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm.
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Reporting on sex and gender GO40516 collected sex data as reported by the medical treatment team and the patient. Sex was not considered in the study
design as large B cell ymphoma is a disease that affects both sexes. However, sex based response to treatment were
analyzed and provided in forest plots.

Reporting on race, ethnicity, or ' The study reported recruitment and response outcomes based on ethnicity (Hispanic or Latino; Not Hispanic or Latino; Not

other socially relevant stated or unknown) and race (American Indian or Alaska Native; Asian; Black or African American; White; Unknown). Ethnicity
groupings and race were self reported. Subgroup analysis based on race and ethnicity was not possible because of small subgroup sizes.
Population characteristics Provided in Table 1 in the manuscript.

Recruitment This trial was open label with no blinding. Patients were recruited in 15 sites across two countries (US and Canada) among

patients of the site, or among patients referred from other hospitals from September 2018 to February 2022. Sites were
either at academic or community hospitals. The phase | portion of the clinical trial was enrolled based on slot availability, the
study had established sites for the study that would screen patients at those locations to determine eligibility for the trial.
The phase Il portion was an open enrollment to the active participating sites. To participate in this study and before any non-
routine baseline or screening evaluation, investigators at each study site ensured that each patient was fully informed of the
study and had signed a written informed consent. The patient’s eligibility was evaluated during the screening period prior to
enrollment. No bias emerging from recruitment is expected. Patients were enrolled irrespective of gender, which was self-
reported by the patient. Randomization was not performed as we report results from the single-arm dose expansion cohort.

Ethics oversight The trial was conducted in accordance with the Declaration of Helsinki, International Conference on Harmonization
Guidelines for Good Clinical Practice, and applicable laws and regulations. The study was approved by institutional review
boards or ethics committees at each center (WCG Clinical, Inc.; NYU School of Medicine-Office of Science and Research
Institutional Review Board; University of Miami- Human Subject Research Office; Wayne State University-IRB Administration
Office; Advarra; Lifespan-Research Protection, Office-Office Research; Quebec-Integrated Health and Social Services,
University Network for West-Central Montreal; University of Saskatchewan- Biomedical Research Ethics Board, Royal
University Hospital; PennState Health Milton S. Hershey Medical Center, Institutional Review Board Human Subjects
Protection Office.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

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

Sample size The sample size of the dose-escalation cohort was based on dose-escalation rules, which was a modified 3+3 design; a minimum of three
patients were initially enrolled in each cohort to evaluate DLTs. If none of the first three DLT-evaluable patients experienced a DLT, then
enrollment of the next cohort could proceed. If a patient experienced a DLT, then the cohort was expanded to six patients to be evaluated for
additional DLTs. For the phase 2 dose-expansion cohort, a sample size of 100 patients was calculated to provide 99% power to detect a
difference in ORR, with a two-sided significance level of 5%. Please see section 6 of the protocol for more information on sample size.

Data exclusions  Three patients with histologically confirmed grade 1-3a follicular lymphoma were excluded from the efficacy analysis.

Replication Not applicable for this study.

Randomization  Not applicable for this study as we report results from the single-arm cohort of the clinical trial.

Blinding Not applicable for this study as we report an open-label clinical trial with no blinding.

Reporting for specific materials, systems and methods

>
Q
—
(e
(D
1®)
(@)
=
S
c
-
(D
©
O
=
>
(@)
w
[
3
=
Q
<




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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Clinical data

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  NCT03671018
Study protocol Redacted protocol provided with submission

Data collection Between September 25, 2018, and February 14, 2022, 120 patients were enrolled from 15 sites across two countries. Sites were
either at academic or community hospitals.

Qutcomes The primary objectives in the dose-escalation cohort were to evaluate safety and tolerability, and to determine any dose-limiting
toxicities (DLTs), the maximum tolerated dose, and the RP2D of mosunetuzumab in combination with polatuzumab vedotin 1.8 mg/
kg. The secondary objectives were: anti-tumor activity, determined by measuring the CR rate at the time of PRA based on PET—CT;
best objective response rate (ORR; CR or PR at any time) on study, based on PET and/or CT scan; and duration of response (DoR),
defined as the time from the first occurrence of a documented ORR to PD or relapse, or death from any cause, whichever occurred
first. Response was determined by the investigator (INV) using Lugano 2014 criteria.

The primary efficacy endpoint in the dose-expansion cohort was best ORR based on PET-CT and/or CT scan by Independent Review
Committee (IRC) using Lugano 2014 criteria. Secondary efficacy endpoints were also assessed using Lugano 2014 criteria and
included: best ORR on study based on PET-CT and/or CT scan determined by INV; best CR rate and CR rate at PRA based on PET-CT
and/or CT scan determined by INV and IRC; DoR determined by INV and IRC; progression-free survival (PFS), defined as the time from
first study treatment to the first occurrence of PD or relapse, or death from any cause, whichever occurred first, determined by INV
and IRC; and overall survival, defined as the time from first study treatment to death from any cause. AEs were reported using NCI
CTCAE version 5.0. CRS events were graded according to ASTCT criteria

As this was a single-arm dose escalation and expansion trial, surrogate efficacy endpoints were determined for the primary and
secondary efficacy objectives. These were assessed by using the Lugano 2014 criteria, in which tumor responses were determined
based on PET-CT and/or CT-only scans. For safety, the investigators would assess adverse events based on the NCI-CTCAE Version 5
grading criteria. For the dose-expansion cohort, the primary endpoint of best ORR based on PET-CT and/or CT scan by Independent
Review Committee (IRC) using Lugano 2014 criteria was prespecified to compare against historical control ORR of 42%. All secondary
endpoints were prespecified in the Protocol. No hierarchical testing was performed.
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Seed stocks 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.

Novel plant genotypes 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

Authentication BSSané’Eny authenticationprocedures for-each-seed-stock-tised-ornovel-genotype-generated.-bescribe-any-experiments-used-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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Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|Z| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

& A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software
Cell population abundance

Gating strategy

Whole blood samples were collected in BD Vacutainer tubes containing sodium heparin.

For cell labeling, samples were labeled with antibodies for 30 minutes in the dark, at ambient temperature. Red blood cells
(RBC) were then lysed, utilizing Biolegend RBC Lysis Buffer for 15 minutes at ambient temperature. After centrifugation
samples were washed with BD Stain Buffer and resuspended in 1% formalin fixative. Assay panel tubes were stored at 4 °C
and acquired within four hours of preparation.

Samples were acquired on BD FACSCanto Il flow cytometers (BD Biosciences, designated at
ILS-Dublin Canto D, s/n V33896201828), using FACSDiva software (BD Biosciences, version (6.1.3).

FACSDiva software (BD Biosciences, version 6.1.3) and FCS Express (DeNovo, Version 4 Clinical Edition)
No cell sorting was done for these on-study samples.

Antibodies used in the panel were:

Mouse anti-human HLA-DR PerCP-Cy5.5 (clone G46-6, BD Biosciences, Catalog #560652)
Mouse anti-human CD69 PE-Cy7 (clone FN50, BD Biosciences, Catalog #557745)

Mouse anti-human CD4 BV510 (clone SK3, BD Biosciences, Catalog #562970)

Mouse anti-human CD8 APC-H7 (clone SK-1, BD Biosciences, Catalog #561423)

Global MFI target ranges for Sphero Ultra Rainbow Calibration Beads Lot #AJ01 were used for this validation study to
standardize instrument fluorescence output according to ICON’s Cellular Immunology Manual LB310-SOP5 between January
2018 and February 2018.

Compensation was determined prior to acquisition of samples using the automated compensation function in FACSDiva
Assessed was a negative control of unlabeled BD CompBeads and positive controls of anti-mouse IgG k BD CompBead. For
sample acquisition, the FSC threshold and PMT settings for FSC and SSC were adjusted as needed using a single tube. All
samples were collected using a medium flow rate, using a stop gate of 100, 000 CD4+ or CD8+ T cells, or for a maximum of
270 seconds.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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