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Key Points

• A longer interval
between prior CAR-T
and mosunetuzumab is
associated with a
higher response rate to
mosunetuzumab.

• After prior CAR-T,
mosunetuzumab
responders have
greater increases in
CD4 and CD8 T cells
and longer CAR-T
persistence than
nonresponders.
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Mosunetuzumab and other CD20/CD3 bispecific antibodies (BsAbs) have efficacy in B-cell

lymphomas relapsing after or refractory to CD19-directed chimeric antigen receptor (CAR)–

modified T cells (CAR-T). The optimal timing of BsAbs and biomarkers of BsAb response

after CAR-T are unknown. We addressed these questions using clinical data and blood

samples from patients previously treated with CAR-T and subsequently treated on a phase

1/2 study of mosunetuzumab. Thirty patients had paired samples at baseline and after 1

cycle of mosunetuzumab. The median time from CAR-T to mosunetuzumab was

significantly longer for responding than for nonresponding patients (P = .006, unadjusted

for multiple comparisons). Most patients (20/30) did not receive intervening therapy

between CAR-T administration and mosunetuzumab. The remainder of patients received 1

intervening therapy after a protocol-mandated drug washout. After mosunetuzumab,

responding patients had higher lymphocytes (995 vs 400 cells per μL; P = .02) and greater

increases in CD4 and CD8 cells (median change, 73 vs –90 cells per μL [P = .005] and 243 vs

–103 cells per μL [P = .004], respectively). Additionally, responding patients had an increase

in activated CD8 cells (median fold change, 1.7; P = .02). Nonresponders had a relative

decrease in CAR transgene levels (n = 16; P = .04). This is, to our knowledge, the first study to

assess changes in lymphocytes, T cells, and CAR transgene levels in patients treated with

BsAbs after CAR-T. These findings suggest an interaction between prior CAR-T and BsAb

outcomes and have implications for optimal timing of BsAb after CAR-T. The trial was

registered at www.ClinicalTrials.gov as #NCT02500407.
025
ber 2024; prepublished online on Blood
inal version published online 12 February
s.2024013640.

individual patient-level data through the
/vivli.org/.

studies are available at https://vivli.org/
oche’s Global Policy on the Sharing of
ess to related clinical study documents

(available at https://www.roche.com/research_and_development/who_we_are_how_
we_work/clinical_trials/our_commitment_to_data_sharing.htm).

The full-text version of this article contains a data supplement.
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Introduction

Mosunetuzumab is a bispecific antibody (BsAb) that simulta-
neously engages CD20 on B cells and CD3 on T cells, thus acti-
vating and redirecting endogenous T cells to kill malignant B cells.
A multicenter phase 1/2 trial of mosunetuzumab for the treatment
of relapsed/refractory (R/R) B-cell non-Hodgkin lymphomas (B-
NHLs), which included patients relapsed after or refractory to
chimeric antigen receptor (CAR)–modified T-cells (CAR-T), led to
Table 1. Patient characteristics

Characteristic N = 30 (100%)

Age, median (range), y 63 (18-82)

Sex, male, n (%) 19 (63)

ECOG PS, n (%)

0 9 (30)

1 21 (70)

Ann Arbor stage, n (%)

I-II 6 (20)

III-IV 24 (80)

B-NHL subtype, n (%)

DLBCL 19 (63)

trFL 7 (23)

PMBCL 1 (3)

FL 3 (10)

Cell of origin (DLBCL, trFL), n (%)

GCB 14 (54)

Non-GCB 12 (46)

Unknown 1 (4)

Double hit* lymphoma, n (%) 2 (7)

Bulky disease >10 cm, n (%) 1 (3)

Prior lines of therapy, median (range) 4 (3-8)

3 previous lines, n (%) 7 (23)

>3 previous lines, n (%) 23 (77)

Prior lymphoma therapies, n (%)

Anti-CD20 antibody 30 (100)

Anthracycline 30 (100)

CAR-T 30 (100)

Prior ASCT 4 (13)

Response to prior therapies, n (%)

Refractory† to last therapy 25 (83)

Relapsed after last therapy 5 (17)

Refractory to any prior anti-CD20 27 (90)

Refractory to CAR-T 24 (80)

ASCT, autologous hematopoietic stem cell transplantation; B-NHL, B-cell non-Hodgkin
lymphoma; CAR-T, chimeric antigen receptor–modified T cells; DLBCL, diffuse large B-cell
lymphoma; ECOG PS, Eastern Cooperative Oncology Group Performance Status; FL,
follicular lymphoma; GCB, germinal center B-cell-like subtype; PMBCL, primary mediastinal
large B-cell lymphoma; trFL, large cell transformation of follicular lymphoma.
*MYC and BCL2 and/or BCL6 FISH translocations.
†Refractory is defined as stable or progressive disease after the indicated therapy.
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the approval of mosunetuzumab for R/R follicular lymphoma after
≥2 lines of systemic therapy.1-3 Mosunetuzumab is also active in R/
R large B-NHLs (LBCL).4 Two other BsAbs targeting CD20 and
CD3, glofitamab and epcoritamab, are approved for R/R LBCL.5-7

CD19-directed CAR-T are also approved for R/R B-NHLs.8-16

Patients with R/R B-NHLs after either CAR-T or BsAb therapy
may receive the other T-cell–based immunotherapeutic approach.
Approximately 35% of patients with LBCL R/R to CAR-T achieved
a complete response (CR) after glofitamab or epcoritamab.5,7

Similarly, 24% of patients with R/R LBCL had a CR after mosu-
netuzumab.4 Critical questions when considering BsAb therapy for
patients with R/R B-NHL previously treated with CAR-T include
assessing the impact of BsAb on both CAR-T and endogenous T
cells, determining the optimal timing of BsAb administration relative
to prior CAR-T, and identifying biomarkers for BsAb response in
this setting.
Table 2. Treatment before mosunetuzumab

Therapy n (% or range), N = 30

Lymphodepleting chemotherapy 20 (67)

Fludarabine/cyclophosphamide 18 (90)

Bendamustine 2 (10)

Unknown 10 (33)

Commercial anti-CD19 CAR-T 4 (40)

Investigational CAR-T 6 (60)

CAR-T product

Commercial 20 (67)

Axicabtagene ciloleucel 10 (33)

Tisagenlecleucel 7 (23)

Lisocabtagene maraleucel 3 (10)

Investigational 8 (27)

Anti-CD19 CAR-T 6 (20)

Anti-CD20 CAR-T 2 (7)

Unknown anti-CD19 CAR-T 2 (7)

Bendamustine 11 (37)

Within 6 months of mosunetuzumab 1 (3)

Within 9 months of mosunetuzumab 2 (7)

Within 12 months of mosunetuzumab 4 (13)

Therapy administered between CAR-T infusion

and mosunetuzumab

No intervening therapy 20 (67)

Median number of therapies received 0 (0-1)

Investigational drugs, not otherwise specified 3 (10)

Lenalidomide-rituximab 2 (7)

Lenalidomide 1 (3)

Ibrutinib 1 (3)

Pembrolizumab 1 (3)

Copanlisib 1 (3)

R-ICE 1 (3)

CAR, chimeric antigen receptor–modified; CAR-T, chimeric antigen receptor-modified T-
cells; R-ICE, rituximab, ifosfamide, carboplatin, etoposide.
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Methods

Blood samples were prospectively collected from patients enrolled
on a phase 1/2 study of mosunetuzumab (ClinicalTrials.gov iden-
tifier: NCT02500407). Mosunetuzumab was administered as pre-
viously described.1,2,4 Post hoc analyses were performed on
peripheral blood from the subset of patients with a history of prior
CAR-T (N = 30). Before mosunetuzumab administration on cycle
1 day 1 (C1D1) and before mosunetuzumab dosing on C2D1, we
measured absolute lymphocyte (ALC), CD4 T-cell, and CD8 T-cell
counts. We also measured CAR transgene levels by quantitative
polymerase chain reaction in those patients who had received
commercially available CAR-T (supplemental Methods). Addition-
ally, we characterized T cells by multicolor flow cytometry
(supplemental Methods). Rank sum testing was used for
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Figure 1. Progression-free survival. Blue solid lines indicate patients with lymphoma tha

red dashed lines indicate patients with lymphoma that did not respond to mosunetuzumab

the entire cohort (N = 30). (B) Progression-free survival all patients (N = 30) based on res

lymphomas (n = 27). (D) Progression-free survival for patients with large B-cell lymphoma
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continuous variables, and Fisher exact testing was used for binary
variables. P values reported are unadjusted for multiple compari-
sons. This research was approved by each institution’s review
board, and all participants provided written informed consent. All
authors had access to the primary clinical trial data.

Results

Thirty patients with a history of prior CAR-T were treated with
mosunetuzumab and had peripheral blood samples obtained
before mosunetuzumab infusion on C1D1 and C2D1; CD4 and
CD8 T-cell counts were available for 29 patients at C1D1 and for
19 patients at C2D1. Patient characteristics are described in
Table 1; 27 patients (90%) had LBCL, and 3 (10%) had low-grade
(grades 1-3a) follicular lymphoma. Eighty percent of patients had
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B-NHL refractory to prior CAR-T, whereas the remainder had
relapsed after prior response to CAR-T. Mosunetuzumab dosing
ranged from 0.8/2/6 mg to 1/2/60 mg intravenously or 1.6 mg to
20 mg subcutaneously; most (17/30 [57%]) received the recom-
mended phase 2 dose or higher (supplemental Table 1). Twelve
patients (40%) responded (CR or partial response [PR]) to
mosunetuzumab; 7 (23%) patients had a CR. Twenty patients had
previously received standard-of-care, commercially available anti-
CD19 CAR-T (10 axicabtagene ciloleucel, 7 tisagenlecleucel,
and 3 lisocabtagene maraleucel), whereas 8 patients received
investigational CAR-T products (6 anti-CD19 CAR-T and 2 anti-
CD20 CAR-T; Table 2). Two patients received anti-CD19 CAR-T
that could not be classified as commercial or investigational
(Table 2). Progression-free survival was 6.1 months for patients
who responded to mosunetuzumab and 1.2 months for patients
without a response to mosunetuzumab; of note, 25% of respond-
ing patients with LBCL had durable responses at 1 year (Figure 1).

Before mosunetuzumab (C1D1), there was no difference in ALCs
(n = 30), CD4 cell counts (n = 29), or CD8 cell counts (n = 29)
between responding and nonresponding patients (Figure 2A-C
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Figure 2. Change in lymphocyte counts, CD4 and CD8 T-cell counts, and activated

baseline (C1D1) and after 1 cycle of mosunetuzumab (C2D1) for patients with responding

and square boxes indicate a patient with follicular lymphoma. Blue indicates patients with re

lymphocyte count (ALC). *P = .02, for C2D1 comparison. (B) CD4 counts. (C) CD8 counts

(F) Fold change in activated CD8 T cells (CD8+CD25–CD9+). *P = .02. CR, complete re
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supplemental Table 3). However, after 1 cycle of mosunetuzumab
(C2D1), responding patients had significantly higher ALCs than
patients without a response (n = 12; median, 0.995 x 103 cells/μL
vs n = 18; median 0.400 x 103 cells/μL, respectively; P = .023;
Figure 2A), likely reflecting changes in absolute CD4 and CD8 T-
cell counts in responders and nonresponders at C2D1 (Figure 2D-
E; supplemental Table 3).

Between C1D1 and C2D1, responding patients had significantly
greater increases in their CD4 and CD8 cell counts than non-
responders (n = 19), reflecting the changes in these T-cell subsets
after cycle 1 of mosunetuzumab (median change in CD4 cells, 73
cells per μL vs –90 cells per μL; P = .005; median change in CD8
cells, 243 cells per μL vs –103 cells per μL; P = .004; Figure 2D-E;
supplemental Table 3), as well as a larger fold change in CD4 cell
counts (median CD4 fold change, 1.54 vs –0.56; P = .003) and
CD8 cell counts (median CD8 fold change, 0.86 vs –0.24;
P = .020; supplemental Figure 1C-D; supplemental Table 3).

We also examined CAR transgene levels in 20 patients who had
received commercially available CAR-T; 16 patients had detectable
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. (D) Difference in CD4 counts. **P = .005. (E) Difference in CD8 counts. **P = .004.

sponse; PD, progressive disease; PR, partial response; SD, stable disease.
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CAR transgene at any time. Fifteen had detectable CAR transgene
levels before mosunetuzumab (transgene detected/total treated, 7/
10 axicabtagene ciloleucel; 6/7 tisagenlecleucel; and 2/3 liso-
cabtagene maraleucel). Of note, 1 patient who had prior tisa-
genlecleucel with an undetectable baseline CAR transgene
developed detectable CAR transgene after mosunetuzumab and
had a best response of stable disease. Another nonresponding
trFL
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patient who had received axicabtagene ciloleucel lost CAR trans-
gene persistence after mosunetuzumab and had a best response
of progressive disease. The remaining 14 patients had detectable
CAR transgene levels before and after mosunetuzumab. Among 16
patients with detectable CAR transgene at any time, there was no
absolute difference between baseline and post-mosunetuzumab
CAR transgene levels (Figure 3C). However, within individual
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patients, nonresponders had a significantly greater decrease in
CAR transgene levels after mosunetuzumab (n = 16; change after
1 cycle, –29 vs –159 copies per μg DNA; P = .04; Figure 3D).

Patients whose lymphoma relapsed after CAR-T (n = 6) had a
longer time to treatment with mosunetuzumab than CAR-T
refractory patients (n = 24; median, 537 vs 103 days; P = .003).
However, response to prior CAR-T was not associated with sub-
sequent response to mosunetuzumab; 3 of 18 nonresponders
(17%) and 3 of 12 responders (25%) to mosunetuzumab had
previously responded to CAR-T (Figure 3A).

For all patients, the median time from CAR-T to mosunetuzumab
was 161 days (range, 35-1071). Of these 30 patients, 12 (40%)
received mosunetuzumab within 100 days of CAR-T, 13 (43%)
between 101 and 365 days after CAR-T, and 5 (17%) >1 year
after CAR-T. We observed no clear differences in response based
on the CAR-T product (supplemental Tables 2 and 4). The median
time from CAR-T to mosunetuzumab initiation was significantly
longer in patients with a CR/partial response after mosunetuzumab
than in patients with stable or progressive disease (SD/PD;
median, 313 days [range, 61-1071] vs 103 days [range, 35-353],
respectively; P = .006; Figure 3A-B). When the time from CAR-T to
mosunetuzumab was assessed as a predictor of mosunetuzumab
response, we found that the receiver operating characteristic area
under the curve for time from CAR-T to mosunetuzumab was
0.799 (95% confidence interval, 0.663-0.935). All patients, except
1 patient, who were treated at least 9.5 months after CAR-T
responded to mosunetuzumab, although no single time point
completely discriminated responders from nonresponders
(Figure 3A).

To further understand this observation, we examined the lympho-
depleting regimens received before CAR-T and the intervening
therapies received between CAR-T and mosunetuzumab (Table 2).
In most cases, lymphodepleting chemotherapy, predominantly flu-
darabine/cyclophosphamide, was the last chemotherapy received
before mosunetuzumab. The median number of intervening thera-
pies was 0 (range, 0-1). Twenty patients (67%) did not receive any
intervening therapy between CAR-T and mosunetuzumab. We also
examined bendamustine use before mosunetuzumab; 11 patients
had received prior bendamustine, including 1 patient within
6 months of mosunetuzumab and 3 patients within 9 months of
mosunetuzumab. Receipt of prior bendamustine was not associ-
ated with response to mosunetuzumab. However, the median time
from the last dose of bendamustine to mosunetuzumab was longer
for responders than nonresponders (median time for responders vs
nonresponders, 10.0 months [range, 2.4-48.0] vs 41.6 months
[range, 26.5-80.3]; P = .02).

Finally, we assessed markers of T-cell activation and proliferation
(supplemental Table 5). We observed a larger fold increase in
activated CD8+CD25–CD69+ T cells in responding patients than
nonresponding patients (median, 1.7 [range, –0.52 to 7.9] vs
–0.23 [range, −0.79 to 2.34], respectively; P = .02; Figure 2F).
There were no differences observed in activated CD4 cells or in
proliferation of CD8 T cells between responding and non-
responding patients, although a trend toward fold increase in CD4
cell proliferation (CD4+Ki67+) was observed in responding
patients (median, 1.72 [range, –0.42 to 40.9] vs –0.09 [range,
–0.65 to 7.54]; P = .09; supplemental Figure 1E; supplemental
Table 5).
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Discussion

This is, to our knowledge, the first study to assess changes in
lymphocyte counts, T-cell subsets, and CAR transgene levels in
patients previously treated with CAR-T and subsequently treated
with a BsAb, in this case, mosunetuzumab.

Other groups have investigated response rates to BsAb therapy
after CAR-T2,4,5; however, to the best of our knowledge, the
association of time interval between CAR-T and BsAb adminis-
tration with response to BsAb has not been reported. We found
that patients responding to mosunetuzumab had a longer duration
of time between CAR-T infusion and mosunetuzumab initiation.
This observation may reflect the time to lymphocyte recovery from
lymphodepleting chemotherapy administered before CAR-T and/or
disease biology with a preponderance of more refractory lym-
phomas among patients who received mosunetuzumab soon after
CAR-T. Nonetheless, our data suggest a higher likelihood of
response to BsAb when administered 9 to 12 months after CAR-T.
However, it is important to note that 3 patients (3/20) who received
mosunetuzumab less than 9 months from CAR-T also responded.
A limitation of our findings is the relatively small sample size. It is
also unknown whether these findings are applicable to other BsAb
therapies.

We also observed that responding patients had higher ALCs than
nonresponding patients on C2D1, as well as greater increases in
both CD4 and CD8 cell counts. A similar phenomenon is
described for other BsAbs, including blinatumomab, glofitamab,
and epcoritamab.1,6,17,18 These findings may indicate a class effect
of T-cell–engaging BsAbs on T-cell proliferation. Furthermore, we
also found that patients who relapsed after or were refractory to
CAR-T and who subsequently responded to mosunetuzumab had
a trend toward stable CAR transgene levels compared with
patients not responding to mosunetuzumab. Hutchings et al found
that responding patients had T-cell activation after glofitamab;
interestingly, we observed the same phenomenon in patients
responding to mosunetuzumab after CAR-T.6 This suggests that a
response to mosunetuzumab after CAR-T reflects the activation
and expansion of T cells, which may include CAR T cells. Several
hypotheses can be postulated to explain this observation. For
example, it is possible that the T cells in nonresponding patients
were more terminally differentiated, and thus, all T-cell counts
including CAR T cells decreased or failed to expand after additional
stimulation by mosunetuzumab (ie, by C2D1). This could account
for the observed decrease in CAR transgene levels in non-
responding patients. Additionally, the observed stability or increase
in CAR transgene levels in some patients may simply reflect the
BsAb effect on T-cell expansion in general, rather than a unique
CAR T-cell effect. This study was not designed to test these
hypotheses, and future studies are needed.

It is notable that most patients did not receive additional therapy
between CAR-T and mosunetuzumab. Those patients who had a
longer time between CAR-T and mosunetuzumab start were more
likely to have received an intervening therapy. The clinical trial
exclusion criteria required a therapy washout of 5 half-lives or
4 weeks, whichever was shorter, before mosunetuzumab. Moreover,
immune checkpoint inhibitors, such as pembrolizumab, required a
12-week washout before mosunetuzumab start. Based on these
protocol requirements, we believe that the likelihood of these
MOSUNETUZUMAB RESPONSES AFTER CAR-T 701
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intervening therapies affecting mosunetuzumab outcomes is low.
Prior bendamustine was generally not administered in close prox-
imity to mosunetuzumab in this patient cohort; however, patients
who had received prior bendamustine and responded to mosune-
tuzumab also had a longer interval from bendamustine to mosune-
tuzumab than nonresponding patients. Whether this observation
relates to lymphoma biology or bendamustine timing is unclear.

Finally, biomarkers of response to BsAb in post–CAR-T patients
may differ from the reported biomarkers of response to the same
BsAb administered in other therapeutic contexts.1,2,4,5,7,19

Although we identified changes in ALC, T-cell counts, and time
from CAR-T as potential biomarkers of BsAb response after CAR-
T, an in-depth study of biomarkers for response to BsAb after CAR-
T may be useful to optimize therapy for these patients. Further
studies should also address the impact of specific antecedent
therapies on both BsAb outcomes and biomarkers of response.
Larger studies are also needed to determine whether differences
between CAR-T products and/or lymphodepletion regimens20-23

affect responses to BsAb.

This is, to our knowledge, the first study to suggest that prior
lymphodepleting chemotherapy or CAR-T may affect responses to
subsequent non–CAR-T, T-cell–engaging immunotherapy, such as
mosunetuzumab. The optimal timing of BsAb therapy for LBCL
after failing CAR-T may be at least 9 months after CAR-T. Further
investigations, including studies of alternative BsAbs, are needed
to understand the mechanisms and generality of our observations.
These observations have potential implications for patients with B-
NHL progressing after CAR-T with respect to the optimal timing of
BsAb therapy and its effect on T-cell responses in these patients,
which warrant validation.
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