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The T cell receptor fusion construct (TRuC) gavocabtagene autoleucel
(gavo-cel) consists of single-domain anti-mesothelin antibody that
integratesinto the endogenous T cell receptor (TCR) and engages the
signaling capacity of the entire TCR upon mesothelin binding. Here we
describe phase1results from an ongoing phasel/2 trial of gavo-cel in

patients with treatment-refractory mesothelin-expressing solid tumors. The
primary objectives were to evaluate safety and determine the recommended
phase 2 dose (RP2D). Secondary objectives included efficacy. Thirty-two
patients received gavo-cel at increasing doses either as asingle agent (n=3)

or after lymphodepletion (LD, n = 29). Dose-limiting toxicities of grade 3
pneumonitis and grade 5 bronchioalveolar hemorrhage were noted. The
RP2D was determined as 1 x 108 cells per m*after LD. Grade 3 or higher
pneumonitis was seen in 16% of all patients and in none at the RP2D; grade
3 or higher cytokine release syndrome occurred in 25% of all patients and
in15% atthe RP2D. In 30 evaluable patients, the overall response rate and
disease control rate were 20% (13% confirmed) and 77%, respectively, and
the 6-month overall survival rate was 70%. Gavo-cel warrants further study
in patients with mesothelin-expressing cancers given its encouraging
anti-tumor activity, but it may have a narrow therapeutic window.
ClinicalTrials.gov identifier: NCT03907852.

Mesothelin s a cell surface glycoprotein that is normally expressed
on mesothelial cells lining the pleura, peritoneum and peri-
cardium’. However, mesothelin overexpression occurs in approxi-
mately 30% of human cancers>?, which makes it an attractive tumor
antigen for targeted cancer therapy*®, including T-cell-based
treatments’.

Adoptive celltherapy using T cells engineered to express chimeric
antigen receptors (CARs) has shown remarkable efficacy in several
hematologic malignancies'* . However, with few exceptions'®5,

CAR-T cell therapies, including those targeting mesothelin, have been
largely ineffectual in solid tumors' >,

CAR-T cell constructs include only one (CD3) of the six distinct
T cellreceptor (TCR) subunits tethered to a co-stimulatory domain (for
example, CD28 or 4-1BB) and are expressed as standalone signaling
receptors in transduced T cells, physically and functionally removed
from native TCRs**. Gavocabtagene autoleucel (gavo-cel; TC-210), a
T cell receptor fusion construct (TRuC), results from the fusion of the
humanized, llama-derived, single-domain anti-mesothelin antibody
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Gavo-cel gene transfer
using lentiviral vector
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Fig.1| Gavo-cel construct and CONSORT diagram. a, Schematic diagram
of gavo-cel. The patient’s autologous T cells are transduced with lentivirus
carrying a plasmid encoding for an anti-mesothelin, lama-derived, single-
domainantibody (MH1) fused to the CD3¢e subunit using a linker sequence.
Upon translation, the gavo-cel transgene integrates into the native TCR
complex, exploiting the native TCR-driven T cell activation, effector function

and regulation. b, CONSORT diagram showing patients enrolled and treated at
different DLs. Without lymphodepletion;?ITT patient population—patients who
signed informed consent and underwent leukapheresis with the intent to receive
gavo-cel as part of the phase 1 portion of the study; “Split dose of 1 x 108 and

2 x 108 cells on days 0 and 3. MSLN, mesothelin.

MH1to al5-amino-acid flexible glycine/serine spacer (+G4S)3 and the
human CD3¢ subunit. The gavo-cel TRuC construct is then clonedinto
alentiviral backbone, which, upontransductionintoT cells, integrates
into and reprograms native CD3 complexes tobecome activated upon
recognition of tumor cell surface mesothelin in a human leukocyte
antigen (HLA)-independent manner (Fig. 1a)*. Leveraging the signal-
ing capacity of the entire TCR in this manner resultsinimproved T cell
trafficking, long-term functional persistence and enhanced anti-tumor
activity of the TRuC compared to CAR T cells of the same specificity
in a variety of murine models of human cancer®. Here we describe
results of the recently completed phase 1 part of an ongoing phasel/2
clinical trial of gavo-cel in patients with mesothelin-expressing
solid tumors (ClinicalTrials.gov: NCT03907852).

Results

Clinical trial design

This trial was an open-label, first-in-human, multicenter phase1study
in patients with treatment-refractory, mesothelin-expressing can-
cers. The primary objective was to evaluate safety and determine the
recommended phase 2 dose (RP2D) of gavo-cel. Secondary objec-
tives included efficacy, by determining overall response rate (ORR),
disease control rate (DCR), time to response (TTR) and T cell kinetics.

Patients with pathologically confirmed malignant pleural or peritoneal
mesothelioma (MPM), non-small cell lung cancer (NSCLC), ovarian
cancer or cholangiocarcinoma were eligible if they had progressive
disease despite standard of care therapy; if they had an Eastern Coop-
erative Oncology Group (ECOG) performance status of O or 1; and if
their tumors expressed mesothelin in >50% of tumor cells with a 2+
and/or 3+intensity, as determined by centralimmunohistochemistry
(IHC) assessment.

Gavo-celwasinfused at different dose levels (DLs) either asasingle
agentor after lymphodepletion (LD) with fludarabine and cyclophos-
phamide (Extended Data Fig. 1). A detailed description of the study
design and main eligibility criteriais included inthe Methods section.

Between May 2019 and May 2022, 252 patients were screened
at seven participating centers across the United States. The dates
for the first and the last enrolled patients were 17 June 2019 and
28February2022, respectively. Of these, 58 eligible participants under-
went large-volume leukapheresis, of whom 48 did so with the intent
to receive a gavo-cel infusion in phase 1 (intent-to-treat (ITT) popula-
tion). A gavo-cel product was manufactured for 56 of 58 apheresed
patients (Fig. 1b). Peripheral blood mononuclear cells (PBMCs) were
isolated, and frozen cells were shipped to a central facility for gavo-cel
productionbylentiviraltransduction of the TRuC construct. Thirty-two
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Table 1| Baseline characteristics of patients treated with gavo-cel

DL DLO* DL1 DL2* DL3 DL3.5 DL4* DL5 Overall
Gavo-cel dose (cells per m?) 5x107 5x107 1x108 1x108 3x10° 5x108 5x108
Number of patients 1 8 1 13 5 1 3 32
Age, median (range) 61 70 (36-84) 46 59 (28-70) 63 (43-69) 67 52 (37-66) 63 (28-84)
Diagnosis 1MPM 7MPM, 1TMPM 6 MPM, 4 MPM, TMPM 3 MPM 23 MPM,
1ovarian 6 ovarian, 1ovarian 8 ovarian,
1CHO 1CHO
Mesothelin 2+/3+ 90 72 (55-100) 90 70 (50-95) 75 (50-92) 60 65 (65-73) 70 (50-100)
Median number of prior therapies 8 5 9 5 7 7 4 5 (1-13)
(range)
Prior ICI, n (%) 1(100) 6 (75) 1(100) 6 (46) 4(80) 1(100) 2(66) 21(66)
Prior anti-mesothelin therapy, n (%) 1(100) 1(13) 1(100) 1(8) 2 (40) 0 1(33) 6 (19)
“No LD. CHO, cholangiocarcinoma.
Table 2 | Treatment-emergent AEs of special interest (grade 3 and higher)
AEs DLO (%) DL1(%) DL2 (%) DL3 (%) DL3.5 (%) DL4 (%) DL5 (%) Overall (%)
Gavo-cel dose (cells per m?) 5x107/m?2* 5x107/m? 1x108/m?2* 1x108/m? 3x10%/m? 5x10%/m?2* 5x10%/m?
Number of patients 1 8 1 13 5 1 3 32
Hematologic toxicity
Lymphopenia 1(100) 8 (100) 13 (100) 5(100) 1(100) 3(100) 31(97)
Neutropenia 0] 8(100) 13 (100) 5(100) 0 3(100) 29 (91)
Thrombocytopenia (0] 2 (25) 2 (15) 1(20) 0 2 (67) 7(22)
On-target/on-tumor
CRS 0 2(25) 0 2(15) 1(20) 0 3(100) 8(25)
On-target/off-tumor
Pericarditis/pericardial effusion 0 1(20) 1(3)
Pleuritis/pleural effusion 1(8) 1(20) 2(6)
Peritonitis/ascites 0 0 0 1(8) 0 0 1(3)
Other
Pneumonitis 0 1(13) 0 0 3% (60) 0 1(33) 5(16)
Sepsis 0 1(13)% 0 0 (6] 0 0 1(3)
Hemorrhage 0 0 0 0 0 0 1(33)%+ 1(3)
Respiratory failure 0 0 0 0 0 0 1(33)8++

All emergent AEs described in the table were deemed at least possibly related to protocol-defined therapy. "No LD. $ Grade 5 AEs: *One patient developed respiratory failure possibly related to

[

gavo-cel; *'patient developed fungal sepsis unrelated to gavo-ce
in patient with concomitant CMV pulmonary infection and pneumothorax.

patients received a single gavo-cel infusion at one of seven DLs
(Fig.1b). Participants enrolled to DLO, DL2 and DL4 did not receive LD.
Theremaining29 patients received an LD regimen consisting of fludara-
bine30 mg/m?ondays-7 through-4andcyclophosphamide 600 mg/m?
on days -6 through —4. Patients enrolled to DL3.5 received 3 x 108
transduced cells per m*intwo fractions of 1 x 108and 2 x 10® transduced
cells per m? given on days 0 and 3, respectively. All patients infused
with gavo-cel have been followed for safety, efficacy and gavo-cel
T cell kinetics for at least 12 weeks. The median follow-up time was
17.3 months (range, 3.2-28.3 months) from the start of protocol-defined
therapy. The cutoff date for data analysis was 9 September 2022.

Patient characteristics at baseline

Thirty-two patients were infused with gavo-cel, including 23 with meso-
thelioma, eight with ovarian cancer and one with cholangiocarcinoma.
Patient characteristics at baseline are listed in Table 1. The median age
of patients who received gavo-cel was 63 years (range, 28-84 years)

patient had bronchioalveolar hemorrhage after CRS-related disseminated intravascular coagulation;

et

respiratory failure

and included 12 males and 20 females. The median number of tumor
cells expressing mesothelin with a 2+/3+ intensity was 70% (range,
50-100%) (Supplementary Fig.1). The median number of prior thera-
pies was five (range, 1-13), including immune checkpoint inhibitors
(ICIs) in 21 patients (66%) and other mesothelin-directed therapiesin
six patients (19%). Among the 23 patients with malignant mesothelioma,
20 (87%) had progressive disease (PD) after at least one line of prior
ICI therapy, including nine (39%) patients who had received two or
more ICl agents. Bridging therapies were given to 24 patients (75%)
while waiting for gavo-cel T cell engineering and product release.
Thirteen patients were treated at the RP2D (six MPM, six ovarian
cancers and one cholangiocarcinoma).

Safety of gavo-cel

The primary objective of this study was to evaluate the safety of gavo-cel
through 28 d after infusion. All treatment-related adverse events (AEs)
reportedinatleast10% of patients are listed in Extended Data Table 1.
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As shown in Table 2, the most frequent AEs of grade 3 or higher were
cytopenias related to lymphodepleting chemotherapy, including
91% of patients with neutropenia, 97% with lymphopenia and 22%
with thrombocytopenia, which werereversiblein all cases. On-target/
off-tumor toxicities observed were pleuritis (grade 3 (n=2) at DL 3
and DL3.5), pericarditis (grade 3 (n=1) at DL3.5) and peritonitis
(grade3 (n=1)atDL3).

Cytokine release syndrome (CRS) was reported in 25 (78%)
patients, being gradelor2in17 (53%),grade 3 insix (19%) and grade 4
intwo (6%). No clear relationship was observed between tumor type
and CRSincidence or severity. The median onset of CRSwas 3 d (range,
0-9 d) and lasted for amedian of 6 d (range, 1-55 d). CRS was managed
with tocilizumabin 17 patients, including 11 patients who also required
corticosteroids and two patients who required siltuximab. Eight
patients with CRS did not require any anti-cytokine therapy. No grade
5 CRS was observed. Per the American Society for Transplantation
and Cellular Therapy (ASTCT) criteria”, one patient developed abrief
and self-limited case ofimmune effector cell-associated neurotoxicity
syndrome (ICANS).

Two dose-limiting toxicities (DLTs) were reported. The first one
was agrade 3 pneumonitis event experienced by a patient with meso-
theliomatreated at DL1, inthe context of grade 3 CRS. Both complica-
tions resolved with tocilizumab and corticosteroid therapy, but several
weeks thereafter, the patient developed grade 5 fungal sepsis, which
was deemed unrelated to gavo-cel therapy. Because of the pneumonitis
event, DL1 was initially expanded from three patients to six patients,
upon which dose escalation proceeded to DL2. The second DLT was
agrade 5 bronchioalveolar hemorrhage event reported in a patient
with mesothelioma treated at DL5 who had previously developed
CRS-related disseminated intravascular coagulation and was on pro-
phylactic dose of low-molecular-weight heparin therapy at the time
ofthe hemorrhagic event. Two additional deaths werereportedinthe
study. A patient treated at DL5 developed grade 5 respiratory failure
in the setting of grade 3 CRS and concomitant pneumothorax and
cytomegalovirus (CMV) pulmonary infection. In addition, a patient
treated at DL3.5 developed pneumonitis and grade Srespiratoryfailure,
possibly related to gavo-cel therapy.

A trend toward dose dependency was observed regarding inci-
dence, severity and onset of CRS, with all three patients treated at DL5
developing grade 3 or higher CRS (reported within the first 24 h after
infusion). This led the Safety Review Team to stop dose escalation at
this level and to recommended de-escalation to 3 x 103/m? (DL3.5), to
be administered in afractionated manner:1x 108 cells per m*on day O
and 2 x 108 cells per m? on day 3 after LD. However, three of five patients
atDL3.5developed grade 3 or higher pneumonitis, whichled the Safety
Review Team to declare DL3 (1 x 10® cells per m? after LD) as the RP2D.
Although, numerically speaking, the dose differential between DL3
(RP2D) and DL3.5appears moderate, the toxicity profiles observed at
each of these DLs were markedly different in terms of the frequency
and severity of both pneumonitis and CRS. No cases of pneumonitis
were reported at the RP2D, and only two patients developed severe
CRS, which was rapidly reversible in both cases. This is in contrast
with DL3.5, where three of five patients developed pneumonitis, and at
DL5, where all patients developed severe CRS, which developed more
rapidly, lasted longer and was less responsive to anti-cytokine therapy.
These data delineate a therapeutic window for gavo-cel and highlight
theimportance of monitoring patients for signs of CRS or pneumonitis.

Of 13 safety-evaluable patients at the RP2D, eight had grade 3/4
gavo-cel-related AEs, for a rate of 61% (95% confidence interval (CI),
44-77%), including reversible grade 3 or higher CRS in three (15%)
patients afteramedian of 3 d (range, 2-4 d) and no pneumonitis events.

Anti-tumor efficacy of gavo-cel

Of the 32 patients who received gavo-cel, 30 were evaluable for
tumor response assessment. Two patients who experienced grade
5 AEs before their post-infusion computed tomography (CT) scan
were not evaluable for response. After gavo-cel infusion, all but
two patients (93%) experienced a decrease in the sum of target lesion
diameters, ranging in magnitude from 4% to 80% (Fig. 2a). Target
lesion regression was even deeper when assessed by volumetric
analysis and was coupled with metabolic responses by positron
emission tomography (PET) (Extended Data Fig. 2a,b). Patients 1,
8 and 12, who received gavo-cel without prior LD, also experienced
tumor regression, resulting in prolonged treatment-free intervals.
However, greater tumor regression was observed among patients
receiving gavo-cel after LD, with eight patients (five with MPM, two
with ovarian cancer and one with cholangiocarcinoma) experiencing
more than a 30% reduction in tumor size. Tumor regression of target
lesions appeared to beindependent of the pre-infusion tumor burden
(Extended DataFig. 2c).

The DCR, as determined by blinded independent central review
(BICR), was 77%. The ORR according to Response Evaluation Criteria
inSolid Tumors (RECIST) version1.1was 20% by BICR (12.5% inthe ITT
population), whichincluded six patients (four with MPM and two with
ovarian cancer) (Fig. 2b). Of these six patients, four had a confirmed
partial response (PR) (13%; two MPM and two ovarian cancer). By local
investigator assessment, the ORRwas 23% (15% in the ITT population),
whichincluded one additional patient with cholangiocarcinomawho
was also considered to have achieved a PR. One additional patient with
mesothelioma had a gradual response, with target lesions regressing
less than 30% at 3 months. The 6-month CT scan showed target lesion
tumor regression of more than 30%; however, a new lesion was also
identified, and, therefore, the patient was not considered to have a
PR.The ORR by BICR and by local investigator assessment was 22% and
26%, respectively,among patients whoreceived gavo-cel after LD. The
median time to response (TTR) was 1.15 months (95% CI, 0.76-1.53),
whereas the median duration of response (DoR) was 4.6 months
(95% Cl,1.77-7.42). The median progression-free survival (PFS) and
overall survival (OS) for all patients was 5.6 months (95% Cl, 3.1-5.8)
and 10.6 months (95% Cl, 6.6-15.6), respectively, and the 6-month OS
was 70.2% (Extended Data Fig. 3a,b). For patients with MPM, the ORR
among those receiving gavo-cel after LD was 21%. This clinical activity
resulted inamedian PFS of 5.6 months (95% CI, 3.1-5.8) and median OS
of11.2 months (95% Cl, 6.0-15.6) (Extended DataFig. 3c,d). For patients
with ovarian cancer, the ORR among those who received gavo-cel after
LD was 29%, with a median PFS of 5.8 months (95% Cl, 1.6-6.1) and a
median OS of 8.1 months (95% CI, 1.6-17.1) (Extended Data Fig. 3e,f).

Serum levels of soluble mesothelin-related peptides (SMRPs) and
megakaryocytic potentiating factor (MPF) were monitored through-
out the study. Both markers have been proposed as surrogate mark-
ers of clinical activity in clinical trials of anti-mesothelin agents**.
SMRP response was evaluable in 22 of 31 patients who showed base-
line SMRP levels above the normal range (>1.5 nM). After treatment,
21 of 22 of these patients showed decreases from baseline SMRP

Fig. 2| Efficacy of gavo-cel treatment. a, Waterfall plot showing maximum
change in target lesion size from baseline in evaluable patients (n =30) as
assessed by BICR. Bars are colored according to DLs. " Patients 2 and 22 had
anunconfirmed PR; * patient 14 had an unconfirmed PR by local investigator
assessment; " patient 3 showed more than 30% regression of target lesionson a
6-month CT scanbut also anew lesion that prevented the patient from achieving
aPR.CHO, cholangiocarcinoma; OVA, ovarian cancer. b, Swimmer plot showing

best responses of each patient over time, assessed according to RECIST version
1.1." confirmed PR. ¢,d, Changes in circulating surrogate markers of tumor
response. Waterfall plots showing best response (% change from baseline)

and SMRPs as measured in plasma using the MESOMARK assay (c) and MPF as
measured in plasma using an ELISA assay (d). Responders (partial or complete
response) and non-responders (SD and PD) are indicated by color-coded bars.
FU, follow-up.
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levels, with significantly deeper SMRP responses in patients with  showed post-treatment decreases from baseline with a trend toward
deep radiological responses to gavo-cel (Fig. 2c and Extended greater decreases in patients who responded to gavo-cel (Fig. 2d
Data Fig. 4a). Likewise, MPF levels (evaluated in 29/31 patients) also  and Extended DataFig. 4b).
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Inaddition, a post hoc circulating tumor DNA (ctDNA) analysis was
assessed in11 patients using the Guardant Health OMNIpanel; samples
from five of 11 patients harbored mutations that allowed for ctDNA
analysis (Extended Data Fig. 4c). Clearance of ctDNA was observed in
two of the five patients.

Durable tumor response in a patient with mesothelioma
Thekinetics of tumor response with continued tumor regression after a
single gavo-celinfusionisillustrated by patient 15, a 67-year-old female
withmetastatic epithelioid MPM with treatment-refractory disease after
progression on four prior lines of therapy. She was infused 5 x 108/m?
gavo-cel T cells (total dose, 8.8 x 10® transduced T cells) after LD.
The patient manifested early signs of tumor cell killing as evidenced
by increase in serum lactate dehydrogenase (LDH) levels starting
on day 5 after gavo-cel infusion that peaked on day 9 and gradually
decreased thereafter (Extended Data Fig. 5a). A CT scan on day +25
showed a significant decrease in the size of the tumor masses, which
were now mostly fluid filled, coupled with a remarkable reduction of
BF-fluorodeoxyglucose (FDG) uptake that subsequently almost com-
pletely resolved. Subsequent CT scans showed continuous shrink-
age or complete resolution of the tumor masses, which was observed
for 12 months, at which point she developed disease progression
(Fig. 3a,b and Supplementary Fig. 2a,b). The patient’s elevated
baseline SMRP and MPF levels decreased below the level of detection
by day +9 and remained undetectable until progression, day +365
(Fig. 3c,d). A biopsy of the chest wall mass (Fig. 3b, bottom panel) on
day 64 after infusion showed complete tumor necrosis with no
evidence of mesothelin expression (Fig. 3e). A biopsy obtained
25 d before gavo-cel infusion showed the presence of malignant
mesothelioma, epithelioid type, with most tumor cells showing strong
positive membranous mesothelin staining (Fig. 3e). Abiopsy taken on
day +365 at time of tumor progression showed high mesothelinexpres-
sion, suggesting that antigen loss was not areason for the progression
of her tumor (Extended Data Fig. 5b).

As shown in Fig. 3f and Extended Data Fig. 5c, the gavo-cel
transgene remained detectable in peripheral blood at the last meas-
urement: 1year after infusion. The manufactured gavo-cel product
consisted predominantly of T stem cell memory (Tyc,) and naive T (Ty)
cells, with most of the remaining T cells having acentralmemory T cell
(Tcw) phenotype. The proportion of Tgey and Ty was similar for the CD4*
and CD8" T cell subsets (Extended Data Fig. 5d). Phenotypically, the
TRuC-transduced T cells in the manufactured gavo-cel product were
predominantly CD4" (Fig. 3g). However, samples obtained from the
patient2 weeks and 4 weeks after gavo-cel infusion showed that most
ofthecirculating T cells were predominantly CD8" (Fig. 3g). The manu-
factured gavo-cel product expressed low levels of PD-1and very high
levels of TIM-3, but PD-1expression on gavo-cel T cellsincreased more
than fourfold by day 10 after infusion and decreased to pre-infusion
levels by day 28. On the other hand, TIM-3 expression on gavo-cel

decreased by day 10 after infusion and remained low when analyzed
on day 28. LAG-3 expression on gavo-cel product was negligible both
before and after infusion (Fig. 3h). Although factors leading to gavo-cel
persistence need more study, responses to gavo-cel could possibly be
dueto the fact that the infused gavo-cel product had very low expres-
sion of T cell exhaustion markers and a high proportion of Tyand Tscy
cells—a T cell population associated with proliferation and long-term
T cell persistence’.

Other examples of durable radiologic response seen in patients
with mesothelioma and ovarian cancer are shown in Extended
DataFig. 6.

Gavo-cel-induced cytokine release and correlation with CRS
Afterinfusion, serum levels of IFN-y, IL-6, TNF-q, IL-8 and IL-10 generally
increased compared tobaselinelevels (Supplementary Fig. 3). However,
IL-12,1L-2, IL-4, IL-13 and IL-1B were not clearly detected after gavo-cel
infusion (Supplementary Fig. 4). Peak plasma cytokine levels of IFN-y,
IL-6 and TNF-ashowed atrend toward dose dependency (Fig. 4a), and
the peak levels of these cytokines also correlated with increased risk
of developing a higher-grade CRS (Fig. 4b).

Manufacture and characteristics of gavo-cel product

A single apheresis was sufficient to manufacture a gavo-cel product
meeting the protocol-specified doses for all patients infused on the
study. The median time from leukapheresis to gavo-cel production
start was 11d (range, 3-260 d). The median transduction efficiency
was 49% (range, 33-80%), and the median vector copy number in the
manufactured product was 2.47 per cell (range, 1.19-6.67).

The medianT cell fold expansion during the manufacturing pro-
cesswas 30.9 (range 22.8-43.1) (Extended Data Fig. 7a), and the median
percentage of cells positive for TRuC expression was 47.9% (range
36.4-71.6%) (Extended DataFig. 7b). The CD4"-to-CD8" T cell ratio was
highly variable across gavo-cel products, with amedian of 2.65 (range,
0.86-27.14) (Extended Data Fig. 7c). The memory subset composition
was also highly variable (Extended Data Fig. 7d). Exhaustion/activa-
tion marker analysis of the manufactured gavo-cel product revealed
ubiquitous expression of TIM-3, variable expression of PD-1 and low
to negligible expression of LAG-3 (Extended Data Fig. 7e). The high
expression of TIM-3 in the gavo-cel product s likely due to the use of
IL-7 and IL-15 during the manufacturing process, as was previously
described®, but it decreased uponinfusioninto patients.

The polyfunctionality of selected gavo-cel products (n=8) was
assessed using the single-cell IsoPlexis assay to measure the secre-
tion of 32 cytokines at the single-cell level. After 24 h of stimula-
tion with plate-bound mesothelin, all evaluated gavo-cel products
showed robust polyfunctionality, with polyfunctional strength index
(PSI) scores (an overall cellular potency metric) greater than 200 in
both CD4"and CD8" subsets, which secreted predominantly effector,
stimulatory and chemoattractive proteins (Extended Data Fig. 7f,g).

Fig.3| Tumor regressionin a patient (patient 15) with MPM after gavo-cel
treatment. a, Frontal view of ®F-FDG PET maximum intensity projection
obtained before infusion, approximately 1 month after infusion and 8 months
after infusion. Areas of tumor involvement are indicated by red arrows.

b, Representative PET-CT images obtained at the same timepoints asin a. Top
partof bis coronal image at level of ascending aorta; middle part is axial section
atlevel just below carina; and lower part is axial section at level of base of heart.
Tumor areas are indicated by blue asterisk, and fluid-filled regions after tumor
regression are marked with white asterisk. ¢,d, Circulating surrogate tumor
response biomarker. ¢, Decrease in SMRP after gavo-cel infusion. d, Decrease in
MPF level after infusion. e, Mesothelin-specific cell killing in post-infusion tumor
biopsy. Tumor biopsies obtained at enrollment and 64 d after gavo-cel infusion
were stained with hematoxylin and eosin (H&E) (top). Mesothelin expression was
evaluated by IHC (bottom). H&E staining indicated the presence of epithelioid
malignant mesothelioma, with most tumor cells showing 3+ mesothelin staining

intensity at baseline. The tumor biopsy obtained 8 weeks after gavo-cel infusion
showed complete tumor necrosis with loss of mesothelin expressionin dead
cells. Experiment was performed once on patient samples collected at different
timepoints. Inset scale bars, 100 pM. f, Persistence of gavo-cel in peripheral
blood after infusion by qPCR. Peak expansion was observed at day -10, followed
by acontraction phase that plateaued approximately 60 d after infusion, with
gavo-cel T cells remaining detectable at the latest measurement: 1 year after
infusion. g, Phenotypic analysis of gavo-cel product and post-infusion kinetics.
Proportion of CD4" and CD8" T cell subsets in manufactured gavo-cel product
andinthe gavo-cel transgene-expressing T cells obtained from peripheral blood
of the patient after infusion. h, Exhaustion markers in gavo-cel manufactured
product and in the gavo-cel transgene-expressing T cells obtained from the
patient’s peripheral blood after the infusion. Expression of PD-1, TIM-3 and LAG-1
inmanufactured gavo-cel product, on gavo-cel transgene-expressing T cells on
days 10 and 28 after infusion. MSLN, mesothelin.
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Gavo-cel expansion, persistence and tumor infiltration

The post-infusion expansion and persistence kinetics of gavo-cel are
displayed in Fig. 4c and Extended Data Fig. 8a. In the patients (n =3)
who did not receive LD, expansion in the peripheral blood was mini-
mal (below the lower limit of quantitation (LLOQ) of 50 copies per
microgram (ug) of genomic DNA (gDNA) in one of three patients) and
short-lived. After LD, expansion was greatly increased withmedian C,,,
0f712.9 copies per pg of gDNA (range, 50-5,900.8) at the 5 x 10’/m?dose,
14,385.45 (range, 50-100,781.9) at the 1 x 103/m* dose, 5,135.2 (range,
50-15,320.0) at the 3 x 108/m? dose and 5,275.8 (range, 50-59,542.3) at

the 5 x10%/m?dose (Fig. 4c). At the RP2D, the median peripheral blood
persistence was 84 d (range, 0-170 d). C,,,, was not associated with
achievingaRECIST response to treatment (Supplementary DataFig. 5).
In addition, some patients—for example, patients 4 and 5as shown in
Fig.2a—either achieved an objective response or had a continued deep-
ening response months after the infused gavo-cel T cells had become
undetectable in peripheral blood by both flow cytometry and qPCR.
Trafficking of gavo-cel into tumor tissue or malignant effusions
was evaluated in five patients. Tumor lesions collected at autopsy
from patient 2 at 34 d after infusion showed clearly detectable levels
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of TRUC-T cellinfiltration in two of five analyzed lesions: a peritoneal
nodule (4,928 copies per pg of gDNA) and aheart nodule (4,473 copies
per pg of gDNA). Notably, the gavo-cel transgene had become unde-
tectablein peripheralblood by day 27, and no transgene was detected
in normal lung adjacent to tumor lesions. Serosal effusion samples
collected after infusion from four patients showed clearly detectable
levels of TRUC-T cells. The peritoneal tumor nodule from patient 2, and
effusions from patients 7 and 14, showed a much higher TRuC-T cell
detection signal when compared to blood samples collected at the
nearest proximal timepointand at the time of peak expansion (Fig. 4d,
Extended DataFig.8band Supplementary Table 1). These dataindicate
that gavo-cel expansion occurs preferentially within cancerous tissues
with high mesothelindensity, where engineered T cells canbe detected
long after they have become undetectable in peripheral blood.

Changes in the tumor microenvironment after treatment

To gain insight into the potential impact of gavo-cel therapy on the
tumor microenvironment (TME), we analyzed pre-treatment and
post-treatment biopsies from three patients with MPM—one patient
who experienced a PR (patient 3, 64% reduction in target lesion size)
and two patients with a best response of stable disease (SD) (patients
18 and 21). At baseline, the TME of the responding patient was charac-
terized by an abundance of T cells that were clearly excluded from
tumor cell nests. At 8 weeks after treatment, T cells were observed to
robustly infiltrate into the tumor of this responding patient. In the two
non-responders, T cells were less abundant at baseline, and levels of
infiltration did not notably change after treatment (Fig. 4e, left panel,
and Supplementary Fig. 6a). Expression of theimmunoinhibitory ligand
PD-L1wasincreased after treatmentinall three patients, with the high-
estlevel ofincrease observedin non-responder patient 21 whose tumor
showed the highest basal level of PD-L1 expression (Fig. 4e, central
panel,and Supplementary Fig. 6b). Interestingly, expression of asecond
immunoinhibitory ligand, CD155, which functionally interacts with
TIGIT, was observed to be high atboth baseline and post-treatmentin
non-responder patient 18 and was markedly upregulated after treat-
ment in non-responder patient 21. In contrast, levels of CD155 were
undetectable at baseline in the responder, with only aminor increase
instainingintensity observed after treatment (Fig. 4e, right panel, and
Supplementary Fig. 6¢). These preliminary observations suggest that
gavo-cel tumor infiltration may result in the remodeling of the TME,
with upregulation of immunoinhibitory ligands that may represent a
potential mechanism of resistance.

Furthermore, we also evaluated the kinetics of gavo-cel PD1expres-
sion after infusion. For the nine patients in whom this was evaluated
inalongitudinal manner, there was an increase in PD-1 expression on
gavo-cel T cells after infusion, compared to the pre-infusion gavo-cel
product. This increase in PD-1 expression was seen irrespective of
tumor response (Extended DataFig.9a). These findings further support

the use of gavo-cel in combination with nivolumab in the ongoing
phase 2 trial.

T cell clonotypic expansion

Clonotypic analysis revealed a high level of clonal diversity in gavo-cel
T cell products (TCPs) (Extended Data Fig. 9b). Clonotypic T cell expan-
sion assessed longitudinally in the blood of selected patients showed
asignificant decrease in clonality at 4 weeks after gavo-cel infusion,
followed by agradual trend toward increased clonality suggesting the
expansion of dominant clones (Extended Data Fig. 9¢). Total expanded
clones were traceable longitudinally (Extended Data Fig. 9d). The fre-
quency of the TCP clones remained around 15-30%, which suggests that
variations in T cell clone richness was likely not related to the limited
persistence of gavo-cel in peripheral blood (Extended Data Fig. 9e,f).
Furthermore, when analyzed longitudinally, approximately 40% of
the expanding clones from the baseline sampleinvolved clones found
inthe TCP, although, after week 4, the number of analyzed samples is
limited (Extended Data Fig. 9g).

Immunogenicity assessment

Anti-drug antibody (ADA) levels were assayed to detect the formation
of antibodies against the anti-mesothelin MH1sdAb binder contained
in the gavo-cel TRuUC. There were no instances of pre-existing ADA,
and only one of 28 evaluated patients displayed ADA positivity after
infusion (Supplementary Table 2).

Discussion

The results of our study demonstrate the safety and feasibility of
administering gavo-cel, afirst-in-class TRuC-targeting mesothelin, in
patients with mesothelin-expressing solid tumors. To our knowledge,
thisisthefirstreport of an engineered T cell therapy inducing clinical
responses by leveraging the activation of the TCR complex in an
HLA-unrestricted manner.

Thisstudyis also noteworthy because, to our knowledge, gavo-cel
is the first anti-mesothelin adoptive T cell therapy to show consistent
objective radiologic responses and one of few studies to show tumor
regression in patients with solid tumors'®®, Several anti-mesothelin
CAR-T cell approaches have been tested in clinical trials for patients
with solid tumors, including T cells engineered to transiently express
an mRNA-encoded mesothelin-specific CAR™ as well as T cells stably
transduced with an anti-mesothelinlentiviral construct®. Both strate-
gies proved safe but had limited clinical activity. A recent trial admin-
istered anti-mesothelin CAR-T cells locoregionally through a pleural
catheter or directly into the tumor®. Although no objective radiologic
responses were seenin the 23 patients withmesotheliomawho received
these CAR-T cells after cyclophosphamide preconditioning, two
patients had a PR after they were treated with pembrolizumab
off protocol.

Fig. 4| Cytokine response, gavo-cel expansion and persistence. a,b, Peak
cytokine response by DL and correlation of peak cytokine levels with CRS. Plasma
cytokine levels were measured longitudinally in the peripheral blood using a
validated multiplexed immunoassay (MSD). Horizontal lines and boxes show

the medians and interquartile ranges. a, Peak levels of IFN-y, IL-6 and TNF-a

after gavo-cel infusion in patients who received LD (for the 5 x 107/m? cohort,
n=7independent patient samples; for the 1 x 108/m?cohort, n =13 independent
patient samples; for the 3 x 108/m?cohort, n = 5independent patient samples;

for the 5 x 108/m? cohort, n = 3independent patient samples). b, Correlative
analysis of peak IFN-y, IL-6 and TNF-a levels with grade of CRS (for the no-CRS
cohort, n=6independent patient samples; for the grade 1/2 cohort, n =17
independent patient samples; for the grade 3/4 cohort, n = 8 independent patient
samples; statistical significance was determined by one-way Kruskal-Wallis
ANOVA: IFN-y **P=0.0003; IL-6 **P = 0.02; TNF-a*P= 0.002). c¢,d, Expansion

and persistence of gavo-cel. Gavo-cel expansion was monitored by qRT-PCR ¢,
Peak expansion (C,,,,) levels of gavo-cel T cells in peripheral blood by DL shows

maximum expansionin DL1 x 10%/m? (for the 5 x 10’/m? cohort, n = 7; for the
1x10%/m?cohort, n =14; for the 3 x 108/m?cohort, n = 5; for the 5 x 10%/m? cohort,
n=3).Forbox plots: center line, box limits and whiskers represent the median,
interquartile range and minima and maxima, respectively. d, Expansion of gavo-
cel T cells in malignant serosal effusions, peripheral blood and peritoneal nodule.
Experiment was performed once on each independent patient sample. CHO,
cholangiocarcinoma; OVA, ovarian cancer; PR’, partial response by investigator
assessment. e, Characterization of TME before and after gavo-cel infusion by
multiplex immunofluorescence. Multiplex immunofluorescent staining was
performed for cytokeratin (PanCK, tumor marker), CD3 (pan-T cell marker),
CDS8, PD-L1and CD155in MPM tumor biopsies taken at baseline and at week 8
after gavo-cel infusion from patient 3, who achieved a PR by best target lesion
response, and patients 18 and 21, both having a best response of SD. Experiment
was performed once on eachindependent patient sample. Scale bars, 50 pM.

Pt, patient; W, week.
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As expected, the most frequently reported AEsin this study were
cytopenias related to the administration of LD. The most frequent
non-hematological AE was CRS, whichwas reported in 78% of patients,
being grade 3 or higher in 25% of patients. However, gavo-cel at the
RP2D (1 x 108/m? after LD) was associated with significant activity
and a manageable safety profile, thus lending itself to a combination
approach with ICIs, which is currently ongoing in the phase 2 portion
of the study.

A single gavo-cel infusion resulted in radiologic tumor regres-
sion in 93% of patients, and the ORR among patients with mesothe-
lioma or ovarian cancer receiving gavo-cel after LD was 21% and 29%,
respectively, as assessed by BIRC. This is significant given that the
median number of prior therapies was five, including at least one line
of standard ICItherapy in 87% of patients with MPM. Notably, objective
responses were observed only in patients who received gavo-cel after
LD, whichledto T cell expansion and persistence in adose-dependent
fashion, and induction of cytokine secretion, thus highlighting the
importance of the conditioning regimen.

Inadditiontoinducingradiological responses, gavo-cel appeared
to prolongsurvivalinaheavily pre-treated patient population. The PFS
and OS in MPM were 5.6 months and 11.2 months, respectively. These
results are encouraging, as patients with MPM who fail ICI therapy are
typically treated with chemotherapy regimens. In the second-line set-
ting, suchapproachesrender an ORR lower than10%, a PFS of -3 months
and an OS of -10 months****. Nevertheless, these results should be
interpreted with caution given the implicit selection biases built into
the design of cellular therapy phase 1 clinical trials and the absence of
acomparatorarm.

Apotential limitation of gavo-cel therapy is the fact that responses,
regardless of depth, were, in some cases, of limited duration. Antigen
escapeand T cell exhaustion have beeninvoked to explain disease relapse
in patients with hematological malignancies receiving adoptive T cell
therapies®. Although mesothelin expression was still presentin biopsies
obtained 8 weeks after infusion, this may be too early a timepoint to
assess antigen loss. On the other hand, an increase in PD-1 expression
ongavo-cel T cells was observed during the first 28 d after infusion and
may represent a harbinger of gavo-cel exhaustion, thus justifying the
combination of gavo-cel with anti-PD-1 agents, similar to the experi-
ence withanti-mesothelin CAR-T cell therapy?’. Such an approach could
result in increased gavo-cel persistence in peripheral blood, which,
at the RP2D, was approximately 30-40 d. This could further increase
gavo-cel persistenceinthe TME, where we showed high levels of gavo-cel
T cells long after they had become undetectable in peripheral blood.
Treatment-emergent T-cell-mediated anti-TRuC responses were not
assessed, but they might have also limited gavo-cel persistence.

Our data strongly support the development of TRuC-based
cell therapies in patients with solid tumors as well as mesothelin
as a target. Given the promising preliminary results reported here,
a phase 2 study is underway to evaluate the efficacy of gavo-cel in
mesothelin-expressing cancers, which will allow for repeat intrave-
nous dosing and the combination with ICI therapy as strategies to
promote greater gavo-cel exposure and to prevent exhaustion of the
engineered T cells.

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 are available at https://doi.org/10.1038/s41591-023-02452-y.

References

1. Chang, K. & Pastan, I. Molecular cloning of mesothelin, a
differentiation antigen present on mesothelium, mesotheliomas,
and ovarian cancers. Proc. Natl Acad. Sci. USA 93, 136-140 (1996).

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ordonez, N. G. Application of mesothelin immunostaining in
tumor diagnosis. Am. J.Surg. Pathol. 27, 1418-1428 (2003).
Weidemann, S. et al. Mesothelin expression in human tumors:

a tissue microarray study on 12,679 tumors. Biomedicines 9,

397 (2021).

Hassan, R., Bera, T. & Pastan, |. Mesothelin: a new target for
immunotherapy. Clin. Cancer Res. 10, 3937-3942 (2004).
Hassan, R. et al. Mesothelin immunotherapy for cancer: ready for
prime time? J. Clin. Oncol. 34, 4171-4179 (2016).

Weekes, C. D. et al. Phase | study of DMOT4039A, an antibody-
drug conjugate targeting mesothelin, in patients with
unresectable pancreatic or platinum-resistant ovarian cancer.
Mol. Cancer Ther. 15, 439-447 (2016).

Hassan, R. et al. Phase 1 study of the immunotoxin LMB-100 in
patients with mesothelioma and other solid tumors expressing
mesothelin. Cancer 126, 4936-4947 (2020).

Hassan, R. et al. First-in-human, multicenter, phase |
dose-escalation and expansion study of anti-mesothelin
antibody-drug conjugate anetumab ravtansine in advanced or
metastatic solid tumors. J. Clin. Oncol. 38, 1824-1835 (2020).
Morello, A., Sadelain, M. & Adusumilli, P. S. Mesothelin-

targeted CARs: driving T cells to solid tumors. Cancer Discov. 6,
133-146 (2016).

Schuster, S. J. et al. Chimeric antigen receptor T cells in refractory
B-cell lymphomas. N. Engl. J. Med. 377, 2545-2554 (2017).

Raje, N. et al. Anti-BCMA CAR T-cell therapy bb2121in relapsed or
refractory multiple myeloma. N. Engl. J. Med. 380, 1726-1737 (2019).
Grupp, S. A. et al. Chimeric antigen receptor-modified T cells for
acute lymphoid leukemia. N. Engl. J. Med. 368, 1509-1518 (2013).
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).

Maude, S. L. et al. Tisagenlecleucel in children and young

adults with B-cell lymphoblastic leukemia. N. Engl. J. Med. 378,
439-448 (2018).

Qi, C. et al. Claudin18.2-specific CAR T cells in gastrointestinal
cancers: phase 1trial interim results. Nat. Med. 28, 1189-1198 (2022).
Majzner, R. G. et al. GD2-CAR T cell therapy for H3K27M-mutated
diffuse midline gliomas. Nature 603, 934-941(2022).

Del Bufalo, F. et al. GD2-CARTO1 for relapsed or refractory
high-risk neuroblastoma. N. Engl. J. Med. 388, 1284-1295 (2023).
Beatty, G. L. et al. Mesothelin-specific chimeric antigen receptor
mRNA-engineered T cells induce anti-tumor activity in solid
malignancies. Cancer Immunol. Res. 2, 112-120 (2014).

Beatty, G. L. et al. Activity of mesothelin-specific chimeric antigen
receptor T cells against pancreatic carcinoma metastases in a
phase 1trial. Gastroenterology 155, 29-32 (2018).

Haas, A. R. et al. Phase | study of lentiviral-transduced chimeric
antigen receptor-modified T cells recognizing mesothelin in
advanced solid cancers. Mol. Ther. 27, 1919-1929 (2019).
Ramakrishna, S., Barsan, V. & Mackall, C. Prospects and
challenges for use of CAR T cell therapies in solid tumors.

Expert Opin. Biol. Ther. 20, 503-516 (2020).

Adusumilli, P. S. et al. A phase | trial of regional mesothelin-
targeted CAR T-cell therapy in patients with malignant pleural
disease, in combination with the anti-PD-1agent pembrolizumab.
Cancer Discov. 11, 2748-2763 (2021).

June, C. H. & Sadelain, M. Chimeric antigen receptor therapy.

N. Engl. J. Med. 379, 64-73 (2018).

Baeuerle, P. A. et al. Synthetic TRuC receptors engaging the
complete T cell receptor for potent anti-tumor response.

Nat. Commun. 10, 2087 (2019).

Nature Medicine | Volume 29 | August 2023 | 2099-2109

2108


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-023-02452-y

Article

https://doi.org/10.1038/s41591-023-02452-y

26. Ding, J. et al. Mesothelin-targeting T cells bearing a novel T cell
receptor fusion construct (TRuC) exhibit potent antitumor
efficacy against solid tumors. Oncoimmunology 12, 2182058
(2023).

27. Lee, D. W. et al. ASTCT consensus grading for cytokine release
syndrome and neurologic toxicity associated with immune

effector cells. Biol. Blood Marrow Transplant. 25, 625-638 (2019).

28. Wheatley-Price, P. et al. Soluble mesothelin-related peptide and
osteopontin as markers of response in malignant mesothelioma.
J. Clin. Oncol. 28, 3316-3322 (2010).

29. Cao, L. et al. Megakaryocyte potentiating factor as a predictive
biomarker for therapies against malignant mesothelioma.
JCO Precis. Oncol. 2018, 1-16 (2018).

30. Das, R.K., Vernau, L., Grupp, S. A. & Barrett, D. M. Naive T-cell
deficits at diagnosis and after chemotherapy impair cell therapy

potential in pediatric cancers. Cancer Discov. 9, 492-499 (2019).

31. Mujib, S. et al. Antigen-independent induction of Tim-3
expression on human T cells by the common y-chain cytokines
IL-2, IL-7, IL-15, and IL-21 is associated with proliferation and
is dependent on the phosphoinositide 3-kinase pathway.

J. Immunol. 188, 3745-3756 (2012).

32. Fennell, D. A. et al. Nivolumab versus placebo in patients with
relapsed malignant mesothelioma (CONFIRM): a multicentre,
double-blind, randomised, phase 3 trial. Lancet Oncol. 22,
1530-1540 (2021).

33. Fennell, D. A. et al. A randomized phase |l trial of oral vinorelbine
as second-line therapy for patients with malignant pleural
mesothelioma. J. Clin. Oncol. 39, 8507-8507 (2021).

34. Popat, S. et al. A multicentre randomised phase Ill trial comparing
pembrolizumab vs single-agent chemotherapy for advanced
pre-treated malignant pleural mesothelioma: the European
Thoracic Oncology Platform (ETOP 9-15) PROMISE-meso trial.
Ann. Oncol. 31,1734-1745 (2020).

35. Maijzner, R. G. & Mackall, C. L. Tumor antigen escape from CAR
T-cell therapy. Cancer Discov. 8, 1219-1226 (2018).

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/.

© This is a U.S. Government work and not under copyright
protection in the US; foreign copyright protection may apply 2023,
corrected publication 2023

'"Thoracic and Gl Malignancies Branch, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, MD, USA. ?Princess
Margaret Cancer Centre, Toronto, ON, Canada. *Department of Medical Oncology, Memorial Sloan Kettering Cancer Center, Weill Cornell Medical
College, New York, NY, USA. “Division of Hematology/Oncology, Department of Medicine, University of California, San Francisco, San Francisco, CA,
USA. 5Sarah Cannon Cancer Center, Nashville, TN, USA. °TCR2 Therapeutics, Cambridge, MA, USA. "Hospital of the University of Pennsylvania, Abramson
Cancer Center, Philadelphia, PA, USA. ®Pediatric Oncology Branch, Center for Cancer Research, National Cancer Institute, National Institutes of Health,
Bethesda, MD, USA. °Department of Radiology and Imaging Sciences, Clinical Center, National Institutes of Health, Bethesda, MD, USA. °Genetics
Branch, Center for Cancer Research, National Cancer Institute, National Institutes of Health, Bethesda, MD, USA. "Department of Investigational Cancer
Therapeutics, The University of Texas MD Anderson Cancer Center, Houston, TX, USA. “These authors jointly supervised this work: Raffit Hassan,

Alfonso Quintas-Cardama, David Hong. *These authors contributed equally: Raffit Hassan, Alfonso Quintas-Cardama. < e-mail: hassanr@mail.nih.gov;
alfonso.quintas@tcr2.com; dshong@mdanderson.org

Nature Medicine | Volume 29 | August 2023 | 2099-2109 2109


http://www.nature.com/naturemedicine
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:hassanr@mail.nih.gov
mailto:alfonso.quintas@tcr2.com
mailto:dshong@mdanderson.org

Article

https://doi.org/10.1038/s41591-023-02452-y

Methods

Study design

Thisisaphase1/2, single-arm, open-label, multicenter, first-in-human
clinical trial (NCT03907852) designed to evaluate the safety and effi-
cacy of gavo-cel therapy in patients with mesothelin-expressing recur-
rent or metastatic malignant mesothelioma, ovarian cancer, lung
adenocarcinoma or cholangiocarcinoma. The primary objective of
the phase 1 study was to evaluate safety and determine the RP2D of
gavo-cel. The secondary objective was to access efficacy by deter-
mining ORR, DCR, TTR, DoR, PFS and OS. Patients with a response
include those who achieved a partial or complete response, whereas
non-responders are those with SD or PD. Exploratory objectives were
to correlate response with gavo-cel expansion, persistence, phenotype
and functionality. Gavo-cel tumor infiltration (before and after evalua-
tion of the TME), measurement ofimmune cell markers and correlation
with clinical response to treatment were also studied.

Forthe phase1dose-escalation part of the study, patients received
asingle dose of intravenous gavo-cel infusion with or without LD. The
protocol-specified DLs were 1x 107, 5 x 107, 1 x 108, 3 x 108, 5 x 10® and
1x10° transduced cells per m* A maximum of 48 patients could be
treated during the dose-escalation phase. DLs without LD required
the enrollment of only one patient to proceed to dose escalationinthe
absence of significant toxicity, whereas DLs employing LD required the
enrollment of three patients and proceeded following astandard 3 + 3
dose-escalation schema. Patients were enrolled regardless of sex and/
or gender, which was determined by patient self-reporting. An analysis
based on sex/gender was not performed.

Informed consent was obtained from all participants in the
clinical trial, as stated in the clinical trial protocol. Participants were
not compensated for their participation in the clinical trial. Neither
sex nor gender was considered in the study design. Patients were
enrolled on a “first come, first served’ basis. Sex/gender was deter-
minedbased on self-report. The trial was approved by the institutional
review board of the participating centers, and all patients provided
writteninformed consent. The seven participating sites are: Thoracic
and Gl Malignancies Branch, Center for Cancer Research, National
Cancer Institute, National Institutes of Health, Bethesda, MD, USA;
Princess Margaret Cancer Centre, Toronto, ON, Canada;Department
of Medical Oncology, Memorial Sloan Kettering Cancer Center, Weill
Cornell Medical College, New York, NY, USA; Division of Hematology/
Oncology, Department of Medicine, University of California, San
Francisco, San Francisco, CA, USA; Sarah Cannon Cancer Center,
Nashville, TN, USA; Hospital of the University of Pennsylvania,
Abramson Cancer Center, Philadelphia, PA, USA; and Department
of Investigational Cancer Therapeutics, The University of Texas MD
Anderson Cancer Center, Houston, TX, USA. This trial was sponsored
by TCR?*Therapeutics.

Patient eligibility
Eligibility for the study required that patients met all of the following
criteria:

1. Voluntarily agreed to participate by giving written informed
consent in accordance with International Conference on Har-
monization (ICH) Good Clinical Practice (GCP) guidelines and
applicable local regulations.

2. Agreement to abide by all protocol-required procedures,
including study-related assessments, and management by the
treating institution for the duration of the study and long-term
follow-up.

3. Age=>18years at the time the informed consent is signed.

4. Pathologically confirmed diagnosis of MPM, serous ovarian
adenocarcinoma (patients with serous fallopian tube or
primary peritoneal cancers were also eligible), cholangio-
carcinoma or NSCLC.

5. Tumor was pathologically reviewed at a sponsor-designated
central laboratory with confirmed positive mesothelin expres-
sion on >50% of tumor cells with 2+ and/or 3+ staining intensity
by IHC. A fresh biopsy for confirmation of mesothelin expres-
sion was required at baseline (if not done at pre-screening)
before gavo-cel administration.

6. Patient had advanced (that is, metastatic or unresectable)
cancer.

7. Patient had atleast one lesion that met evaluable and measur-
able criteria defined by RECIST version 1.1.

8. Before gavo-cel infusion, patients must have received at
least one systemic standard of care therapy for metastatic
or unresectable disease and have failed FDA-approved
agents for their disease (for example, PARP inhibitors for
BRCA1/2-mutated ovarian cancer or osimertinib for patients
with EGFR T790M mutation). Patients with newly diagnosed
cholangiocarcinoma could receive gavo-cel infusion if they
elected not to pursue frontline standard of care therapy.

9. ECOG performance status O or 1.

10. Negative rapid influenza diagnostic test and/or a respiratory
viral panel (as per institutional guidelines) within 14 d before
the planned gavo-cel infusion. Respiratory viral panel should
be performed according to institutional guidelines and include
Coronavirus Disease 2019 (COVID-19; severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)). If the patient was symp-
tomatic or tested positive, the gavo-cel infusion was delayed
until the patient was asymptomatic and deemed fit for infusion
by the treating physician.

11. Leftventricular ejection fraction >245% as measured by resting
echocardiogram, with no clinically significant pericardial
effusion.

12. Females of childbearing potential (FCBPs) must have a nega-
tive urine or serum pregnancy test (FCBP is defined as pre-
menopausal and not surgically sterilized). FCBPs must agree
to use effective birth control or to abstain from heterosexual
activity throughout the study, starting on the day of first dose
of lymphodepleting chemotherapy through 12 months after
gavo-cel infusion or for 4 months after there is no evidence of
persistence of gene-modified cells in the blood, whichever is
longer. Effective contraceptive methods include intra-uterine
device, oral or injectable hormonal contraception or two
adequate barrier methods (for example, diaphragm with sper-
micide, cervical cap with spermicide or female condom with
spermicide). Spermicides alone are not an adequate method of
contraception. Male patients must be surgically sterile or agree
to use a double-barrier contraception method or abstain from
heterosexual activity with an FCBP starting at the first dose
of protocol-defined treatment and for 4 months thereafter or
longer (if indicated in the country-specific monograph/label for
cyclophosphamide).

13. Patient must have adequate organ function according to the
following laboratory values:

Hematological

Absolute neutrophil count >1x10°%/L (without growth factor support)

Absolute lymphocyte count >0.3x10°%/L

Platelets >100x10°%/L

Hemoglobin 290g L™ (without transfusion support
within 7d before protocol-defined
therapy)

Coagulation

Prothrombin time <1.5x upper limit of normal (ULN)

Partial thromboplastin time <1.5x ULN
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Renal

Creatinine clearance (Cockcroft-  240mlmin™

Gault formula)

Hepatic

Serum total bilirubin <2x ULN (unless patient has documented
Gilbert’'s syndrome or unless secondary to

bile duct obstruction by tumor)

<2.5x ULN or <5x ULN if documented liver
metastasis

Alanine aminotransferase

<2.5x ULN or <5x ULN if documented liver
metastasis

Aspartate aminotransferase

Patients meeting any of the following criteria were not eligible for
participationin the study:

1. Inability to follow the study procedures.

2. Known or suspected non-compliance or drug or alcohol abuse.

3. Participationin another study with investigational drug within
the 28 d or 5 half-lives of the drug, whichever is shorter, preced-
ing and during the present study.

4. Patientis pregnant (or intends to become pregnant during the
course of the study) or breastfeeding.

5. Patient hasreceived the following treatment before initiating
protocol-defined therapy with either LD or gavo-cel:

i. Cytotoxicchemotherapy within3 weeks of gavo-celinfusion.

ii. Corticosteroids: therapeutic doses of steroids must be
stopped at least 2 weeks before gavo-cel infusion. Inhaled
corticosteroids are not exclusionary.

iii. Immunosuppression: any other immunosuppressive drugs
(for example, methotrexate and mycophenolate) must be
stopped >4 weeks before the first protocol-defined treatment.

iv. Useofananti-cancer vaccine within2 monthsinthe absence
of tumor response or 6 months if responding.

v. Any previous gene therapy using an integrating vector.

vi. Tyrosine kinase inhibitors within 72 h.

vii. Any previous allogeneic hematopoietic stem cell transplant.

viii. Investigational treatment or clinical trial within 4 weeks or
5 half-lives of investigational product, whichever is shorter.

ix. Radiotherapy to the target lesions within 3 months before
lymphodepleting chemotherapy unless palliative radio-
therapy to non-targeted lesions.

X. Current anti-coagulative therapy (excluding deep vein
thrombosis prophylaxis).

xi. Immunotherapy (monoclonal antibody therapy and check-
pointinhibitors) within 4 weeks.

6. Toxicity from previous anti-cancer therapy that had not
recovered to <grade 1 (except for non-clinically significant
toxicities—for example, alopecia and vitiligo). Grade 2 toxicities
that are deemed stable or irreversible (for example, peripheral
neuropathy) are non-exclusionary.

7. History of allergic reactions attributed to compounds of similar
chemical or biologic composition to fludarabine, cyclophos-
phamide or other agents used in the study.

8. History of autoimmune or immune-mediated disease, such as
multiple sclerosis, lupus, rheumatoid arthritis, inflammatory
bowel disease or small vessel vasculitis.

9. Major surgery (other than diagnostic surgery) within 4 weeks
before the first protocol-defined therapy and minor surgery,
including diagnostic surgery, within 2 weeks (14 d), excluding
central intravenous port placements and needle aspirate/core
biopsies. Radiofrequency ablation or transcatheter arterial
chemoembolization within 6 weeks before enrollment.

10. Leptomeningeal disease, carcinomatous meningitis or sympto-
matic central nervous system (CNS) metastases: patients are

eligible if they have recovered from the acute effects of radia-
tion therapy or surgery before study entry and (1) have no
evidence of brain metastases after treatment or (2) are asymp-
tomatic, have discontinued corticosteroid or anti-seizure thera-
py for metastases for at least 4 weeks and have radiographically
stable CNS metastases (no growth, edema or shift for at least

3 months before study entry).

11. Any other prior or concurrent malignancy, with the exception
of treated basal cell or squamous cell carcinoma, in situ
carcinoma of the cervix or breast, stage O or 1 melanoma
completely resected more than 12 months before enrollment,
successfully treated organ-confined prostate cancer and other
malignancies completely resected and in remission for more
than 5 years.

12. Electrocardiogram showing a clinically significant abnormality
at screening.

13. Uncontrolled intercurrent illness, including active infection,
clinically significant cardiac disease (for example, congestive
heart failure New York Heart Association class 3 or class 4, signi-
ficant arrhythmia and acute coronary syndrome), interstitial
lung disease, liver cirrhosis or primary sclerosing cholangitis.

14. Active infection with HIV, hepatitis B virus, hepatitis C virus or
human T-lymphotropic virus.

Gavo-cel manufacturing, LD and bridging therapy

PBMCs were collected vialeukapheresis using standardized procedures
and cryopreserved following a controlled-rate freezing process. Manu-
facturing of agavo-cel product was started amedian of 11 d after leuka-
pheresis (one product was started 260 d after leukapheresis collection
due to the need to remanufacture after the initial product bag was
found to be damaged). The manufacture of the gavo-cel product was
carried out using the functionally closed CliniMACS Prodigy automated
cell processing system at the Miltenyi Biotec manufacturing facility in
SanJose, California. There, the apheresis blood product was attached
to the CliniMACS Prodigy system through a sterile weld. After separa-
tion by Ficoll-Paque density gradient centrifugation, CD4* and CD8"
T cells were isolated by magnetic bead separation and activated with
TransAct CD3/CD28 (Miltenyi Biotec). Then, T cells were transduced
withalentiviral vector encoding for the gavo-cel transgene, consisting
of an anti-mesothelin, lama-derived, single-domain antibody (MH1)
fused to the CD3e subunit of TCR using alinker sequence®. T cells were
then expandedinthe presence of TexMACS media (MiltenyiBiotec), IL-7
andIL-15. The gavo-cel product was harvested and formulated after the
cell quantity reached the required dose. Each lot underwent in-process
and release testing. Upon release, patients were infused with a single
dose of gavo-celonday 0, within4 d of completion of lymphodepleting
chemotherapy. Re-infusion was not permitted during the phase 1 part
of the study. Pre-conditioning consisted of fludarabine 30 mg/m?on
days-7,-6,-5and -4 and cyclophosphamide 600 mg/m?on days -6,
-5 and -4. Patients treated at DLs without LD proceeded directly to
gavo-cel infusion on day 0. Patients actively progressing or clinically
symptomatic were allowed to receive bridging therapy during the
period of gavo-cel manufacturing. The choice of bridging therapy was
individualized at the investigator’s discretion based on the patient’s
previous cancer therapy and clinical status.

AEs and assessment of tumor response

AEs were assessed and graded according to the National Cancer
Institute (NCI) Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 on a five-point scale (grade 1-5). CRS and neuro-
toxicity were evaluated using the ASTCT Consensus Grading for
Cytokine Release Syndrome and Neurologic Toxicity Associated with
Immune Effector Cells”. Per protocol, a CT scan/MRI was obtained
fromeachenrolled patient at the time of eligibility determination and

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02452-y

thenagain between day —21and day -8 from gavo-cel infusion to define
their disease status at baseline. After gavo-cel infusion, patients were
assessed for radiologic response by CT scan/MRI at 4 weeks, 8 weeks,
12 weeks, 24 weeks and every 3 months thereafter until disease progres-
sion, study completion or patient withdrawal. Efficacy assessments
were conducted according to RECIST version 1.1 (ref. 36) by the study
investigators as well as by BICR involving at least two independent
expertradiologists.

Mesothelin IHC

Mesothelin expression was centrally assessed in all patients by
Ventana Medical Systems using a validated IHC assay performed on
3-5-mm-thick sections of formalin-fixed paraffin-embedded (FFPE)
tumor tissue. Automated immunostaining was performed using the
VENTANA MSLN (SP74) Dx Assay, which is a rabbit monoclonal pri-
mary antibody that binds to mesothelin in paraffin-embedded tissue
sections. The specific anti-mesothelin staining was visualized using
OptiView DAB IHC Detection Kit (760-700 / 0639500001). A second
slide was stained with rabbit monoclonal negative control Ig (790-4795
/06683380001). Mesothelin protein expression was determined using
both the percentage of stained viable tumor cells and the staining
intensity”. Study eligibility required biopsy tissue to express membra-
nous mesothelin in at least 50% of the viable tumor cells at a staining
intensity of 2+ or 3+.

Gavo-cel detection by flow cytometry in peripheral blood
PBMCs were isolated from whole blood by density gradient centrifu-
gation and cryopreserved. Thawed samples were stained with LIVE/
DEAD Aqua (Thermo Fisher Scientific) and fluorochrome-conjugated
antibodies specific for CD3-BUV395 (BD Biosciences, 564001, clone
SK7,1:50 dilution), CD4-BUV496 (BD Biosciences, 612936, clone SK3,
1:25dilution), CD8-APC-Cy7 (BD Biosciences, 348793, clone SK1,1:100
dilution), CD366/TIM3-PE (BD Biosciences, 565570, clone 7D3,1:400
dilution), CD27-BV60S5 (BioLegend, 302829, clone 0323, 1:12.5 dilu-
tion), CD45RA-BV711 (BioLegend, 304137, clone HI100, 1:400 dilution),
CD45R0-Alexa-700 (BioLegend, 304217, clone UCHL1, 1:25 dilution),
CCR7-PE-Cy7 (BioLegend, 353225, clone GO43H?7, 1:25 dilution),
CD95-BV785 (BioLegend, 305645, clone DX2, 1:100 dilution), CD279/
PD-1-BV421 (BioLegend, 329919, clone EH12.2H7,1:25 dilution), CD223/
LAG-3BV650 (BioLegend, 369315, clone 11C3C65,1:50 dilution) and an
anti-VHH-AF488 for TRuC detection (GenScript, A01862, clone 96A3F5,
1:400dilution). Flow cytometry was performed on an LSR flow cytom-
eter (BD Biosciences). BD FACSDiva software version 9.0 was used to
collect data, and the data were analyzed using FlowJo software ver-
sion10.8.1(BD Biosciences). Viable (PBMC) cells were counted before
acquisition by means of the automated Guava counting process using
the Viacount Reagent (GuavaEasyCyte HT and GuavaSoft version 3.3).
The gating strategy used for identifying TRUC T cells in post-infusion
peripheral blood is shown in Supplementary Fig. 7. Cells were gated
for singlets, lymphocytes, viable cells and CD3*"VHH" T cells (Supple-
mentary Fig.7a). CD3*'VHH" T cells were further defined into memory
phenotypes (CM, central memory; EM, effector memory; TEMRA,
effector memory cells re-expressing CD45RA) (Supplementary Fig.
7b).Additional CD3'VHH' T cells were analyzed for expression of PD-1,
LAG-3 and TIM-3 (Supplementary Fig. 7c).

Gavo-cel detection by qPCRin peripheral blood

PBMCs were isolated from whole blood by density gradient centrifu-
gation and cryopreserved as dry pellets. gDNA was extracted from
PBMCs using the Qiagen DNA Blood Mini Kit. A duplex real-time PCR
assay was performed using TagMan probes and primers to amplify
the oPRE sequence in the TRuC transgene in tandem with endoge-
nous albumin. oPRE copy number (copies per pg of gDNA) was calcu-
lated against standard curves consisting of known concentrations of
linear oPRE and albumin double-stranded DNA (dsDNA) fragments.

All gPCR reactions were performed using the Applied Biosystems
ViiA7 Real Time PCR System (Life Technologies). dsDNA used for
standard and control material was synthesized using GeneArt Gene
Synthesis (Thermo Fisher Scientific), and the sequences are shown
below. The sequence used for albumin was derived from within
exon 7 of human albumin, National Center for Biotechnology Informa-
tion reference sequence NM_000477.6. oPRE dsDNA: 389-bp linear
fragment

AATCAACCTCTGGATTACAAAATTTGTGAAAGATTGACTGA
TATTCTTAACTATGTTGCTCCTTTTACGCTGTGTGGATATGCTGCTT
TATAGCCTCTGTATCTAGCTATTGCTTCCCGTACGGCTTTCGTTTTCTC
CTCCTTGTATAAATCCTGGTTGCTGTCTCTTTTAGAGGAGTTGTGGCC
CGTTGTCCGTCAACGTGGCGTGGTGTGCTCTGTGTTTGCTGACGCAAC
CCCCACTGGCTGGGGCATTGCCACCACCTGTCAACTCCTTTCTGG
GACTTTCGCTTTCCCCCTCCCGATCGCCACGGCAGAACTCATCGC
CGCCTGCCTTGCCCGCTGCTGGACAGGGGCTAGGTTGCTGGGCACT
GATAATTCCGTGGTGTTGTC

Albumin dsDNA:350-bp linear fragment

TTATTTCTGTATGTCCATTTTGAATTTTCTTATGAGAAATAGTATTT
GCCTAGTGTTTTCATATAAAATATCGCATGATAATACCATTTTGATTG
GCGATTTTCTTTTTAGGGCAGTAGCTCGCCTGAGCCAGAGATTTC
CCAAAGCTGAGTTTGCAGAAGTTTCCAAGTTAGTGACAGATCTTAC
CAAAGTCCACACGGAATGCTGCCATGGAGATCTGCTTGAATGTGCT
GATGACAGGGTAAAGAGTCGTCGATATGCTTTTTGGTAGCTTGCAT
GCTCAAGTTGGTAGAATGGATGCGTTTGGTATCATTGGTGATAGCTGA
CAGTGGGTTGAGATTGTCTTCTGT

SMRP assay

Serum SMRPs were evaluated using the MESOMARK ELISA kit (Fujirebio
Diagnostics), following the manufacturer’sinstructions. Venous blood
was drawn at defined time intervals as per the protocol and processed
for serum. Serum samples were stored at -80 °C until the assay was
performed. Patients who had baseline SMP <1.5 mM were removed from
the analysis because thisis the cutoff for healthy subjects (MESOMARK,
https://www.aruplab.com/mesomark#overview).

MPF assay

Serum MPF was evaluated using an electrochemiluminescence (ECL)
immunoassay developed by the Molecular Targets Core, Center for
Cancer Research (CCR), NCI, using ECL reagents from Meso Scale
Discovery (MSD). The MPF capture antibody, sulfo-tag MPF detection
antibody and MPF calibrator were developed at CCR, NCI***, Venous
blood was drawn at defined time intervals as per the protocol and
processed for serum. Serum samples were stored at -80 °C until the
assay was performed.

Plasma cytokine measurement

Baseline and post-infusion venous blood samples were taken from
patients and processed for plasma. Plasma samples were stored at
-80 °C until assays were performed. Plasma (25 pl) was analyzed for
thefollowing cytokinesinsinglicate: IFN-y, IL-10, IL-12p70, IL-13, IL-1b,
IL-2, IL-4, IL-6, IL-8 and TNF-a by multiplexed ELISA using the V-PLEX
Plus Proinflammatory Panel1 HumanKit (MSD) and conducted accord-
ing to the manufacturer’s guidelines under Good Clinical Laboratory
Practice (GCLP).

IsoPlexis polyfunctionality assay

Patient-derived TRuC drug product was thawed and allowed to recover
incomplete TexMACS GMP Mediumina37 °C, 5% CO,incubator for 1 h.
TRuC cells were enriched using biotinylated anti-camelid VHH anti-
body labeling (GenScript, AO1995) anti-biotin MultiSort Kit (Miltenyi
Biotec, 130-091-256) and anti-CD8 microbeads (Miltenyi Biotec,
130-045-201). Enriched TRuC CD4"* and CD8" cells were incubated
with plate-bound recombinant human mesothelin (10 pg ml™, Acro
Biosystems, MSN-H526x) and soluble anti-human CD28 (2 pg ml™?,
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302943, BioLegend) in complete TexMACS GMP Medium for 24 h at
37 °C and 5% CO,. TRuC cells were then labeled with membrane stain
(1:500 dilution, IsoPlexis) and either anti-human CD8-APC antibody
(BioLegend, 301049) or anti-human CD4-APC antibody (BioLegend,
300537). Next, 30,000 live cells were loaded into a 32-plex human
adaptive IsoCode Chip (IsoPlexis) Each condition was loaded in trip-
licate (n=3 TRuC CD4" cells and n =3 TRuC CDS8" cells). Polyfunc-
tionality of T cells defined as a cell co-secreting 2+ cytokines were
analyzed by the IsoSpeak software across the seven functional groups:
Thl pro-inflammatory (GM-CSF, IFN-y, IL-2, IL-12, TNF-ac and TNF-$3);
Th2 pro-inflammatory (IL-4, IL-5, IL-7, IL-9 and IL-13); Chemoattrac-
tive (CCL11, IL-8, IP-10, MCP-1, MCP-4, MIP1-a, MIP-1f3 and RANTES);
Regulatory (IL-10, IL-15,1L-22 and TGF-B1); Th17 pro-inflammatory (IL-1B,
IL-6, IL-17A, IL-17F and IL-21); Cytolytic (granzyme B and perforin);
and Other (sCD40L and sCD137). The PSI of T cells was computed
using a pre-specified formula, defined as the percentage of polyfunc-
tional cells multiplied by the sum of the mean fluorescence intensity
(MFI) of the proteins secreted by those cells: PSI= (% polyfunctional
cells in sample) x Y (MFI of all 32 secreted proteins of the polyfunc-
tional cells).

ctDNA measurement

Aposthocanalysis of circulating tumor DNA (ctDNA) was performed.
Baseline and post-infusion venous blood samples were taken from
patients using sodium heparinblood tubes and processed for plasma.
Plasma samples (1-2.5 ml) were stored at —80 °C until assays were
performed. All ctDNA extraction, processing and sequencing from
plasmawere performedina CLIA-certified, CAP-accredited laboratory
(Guardant Health) as previously described® and analyzed using the
500-gene GuardantOMNI panel as previously described*.

T cell clonotypic analysis

T cell clonotypic analysis was performed by Adaptive Biotechnologies
using their ImmunoSEQ hsTCRB sequencing kit on TRuC-T cell prod-
uct or baseline and post-infusion PBMC samples. In brief, gDNA was
isolated and amplified using multiplexed primers and sequenced on
Illumina NextSeq. Data analysis of TCR clonotype and abundance was
performed using ImmunoSEQ Analyzer (Adaptive Biotechnologies).
Compare patient’s infusion product to their underlying repertoire to
detect changesin clonality, expansion and persistence in post-infusion
samples, peripherally.

Multiplex immunofluorescence assay

MultiOmyxTM technology was used to evaluate the expression of
a panel of 14 biomarkers, including TIGIT, CD155, LAG3, CD4, CD56,
CD3, CTLA4, CDS8, PD-L1, PD-1, FoxP3, CD68 and TIM-3 and tumor
segmentation marker PanCK on ovarian, cholangiocarcinoma and
mesothelioma cancer FFPE samples. FFPE slides were evaluated by
pathology (at NeoGenomics) for tissue annotation and selection. The
selected tumor-relevant areas by pathology were used for staining and
analysis. The staining was performed using a single 5-uM FFPE slide.
Within each staining round, two cyanine dye-labeled (Cy3 and Cy5)
antibodies were paired together and recognized two markers. The
staining signal was then imaged and followed by novel dye inactiva-
tion, enabling repeated rounds of staining. For cell classification for all
individual markers, proprietary deep-learning-based workflows were
applied toidentify individual cells and performindividual cell classifi-
cationresults. These results were combined to generate co-expression
summaries and compute spatial distribution statistics for phenotypes
of interest. For area quantification of PD-L1or CD155, Image) software
(NIH) was used to measure area of fluorescent marker expression within
three high-powered fields divided by the total area. For visualization
of each marker, individually established fluorescent minimum and
maximum values were set and applied equally across all samples using
the fluorescent look-up table (LUT).

ADA detection by a bridging MSD assay

Inthe screening assay, human plasmasamples areincubated for 1 hwith
asulfo-tagged MH1 reagent (MHL1 is the anti-mesothelin sdAb used in
the gavo-cel TRuC) and then added onto a streptavidin plate coated
with biotinylated MHL1. After 1 h of incubation, the plate is washed to
remove unbound material and read on the MSD Imager. The imager
reads the ECL signal generated by the sulfo-tagged MH1 reagent and
converts it to a relative light unit (RLU). The RLU level is directly pro-
portional to the amount of anti-MH1 antibody in the plasmasample. If
samples are found to be negative in the screening assay, testing is com-
plete. Samples found to be positive in the screening assay are tested
in a confirmatory assay in the presence/absence of MH1 to confirm
specificity. If samples are negative in the confirmatory assay, testing
is complete. Samples found to be positive in the confirmatory assay
are tested in a titration assay to determine the titer at which positive
detectionis lost.

Statistical analysis

The sample size throughout dose escalation was based on safety
considerations and following a modified 3 + 3 dose-escalation/
de-escalation schema. Descriptive statistics include calculations of
mean, median, standard deviation, minimum and maximum values
for continuous variables and frequency distributions for categorical
variables. All AEs were categorized according to the ICH MedDR codes
version 23.1 and graded according to CTCAE version 5.0, except for
CRS, which was graded according to the ASTCT Consensus Grading
Scale. AEs were analyzed using descriptive statistics and classified
by organ system and preferred term. The Kaplan-Meier method was
used for PFS and OS calculations. Non-parametric tests were used
throughout. Kruskal-Wallis ANOVA was used for TCR-3 sequencing
data and cytokine analyses. Unpaired Mann-Whitney ¢-test was used
for SMRP and MPF data. All phase 1 patients (n = 32) were analyzed for
each assay where available. GraphPad Prism version 9.5 software was
used to plot data.

Reporting Summary
Furtherinformation onresearch designisavailableinthe Nature Port-
folio Reporting Summary linked to this article.

Data availability

All data used in the analysis of the findings in the present study are
included in the manuscript and the Supplementary Information.
Pseudonymized participant data, including outcomes and relevant
reported patient characteristics, will be shared as Supplementary Infor-
mation. Allrequests for raw dataand analyzed data should be directed
to one of the corresponding authors: R.H., A.Q.-C. or D.H. Request
for raw data and analyzed data will be reviewed by the correspond-
ing authors to determine if the request is subject to any intellectual
property or confidentiality considerations. Patient identities will not
berevealed owingto patient confidentiality. Any data or material that
canbe shared will be done viaa material transfer agreement. The TCR-3
sequencing data are available in ImmuneACCESS (https://doi.org/
10.21417/RH2023NM). Source data are provided with this paper.
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Extended Data Fig. 1| Schematic representation of the Gavo-cel study design.
Tumor biopsies were evaluated for mesothelin (MSLN) expression at enrolment,
followed by leukapheresis and gavo-cel manufacture. The enrolled patients
underwent lymphodepletion with fludarabine at 30 mg/m?/day, from days -7 to -4

and cyclophosphamide at 600 mg/m?/day from days -6 to -4. On day O, they were
infused with different doses of gavo-cel. Positron emission tomography (PET)
and computerized tomography (CT) scans were performed at baseline, and at1,
2,3,6and9,and 12 months after gavo-cel infusion.
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uptake value (SUV) of the target lesion with the highest SUV assessed at the
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a, Increase in serum lactate dehydrogenase (LDH) after infusion of gavo-cel

that peaked at day 9. It gradually decreased to reach normal range by day 142
(normal range: 125-220 U/mL). b, Mesothelin expression in tumor biopsy
after progression. Tumor biopsy obtained after progression on day +365 shows
mesothelin expression. Experiment performed once on patient samples. Inset
scale bars represents 100 uM. ¢, Persistence of gavo-cel in peripheral blood
post-infusion by flow cytometry. Flow cytometry analysis of PBMCs isolated

from peripheral blood and stained with anti-VHH antibody showed 50.7% cells
being TRuC+ on day 10. On day 28 this was reduced to 13.3%, whereas on day 56,
0.5% cells were detected as TRuC+. d, Phenotypic analysis of gavo-cel product.
Flow-cytometric analysis of the different T cell subsets in the manufactured
gavo-cel product that was infused into the patient. Phenotyping revealed a
predominance of stem cell memory (Tsc) and naive T (Ty) cells, with the majority
of the remaining T cells having a central memory T cell (T¢,) phenotype. The
proportion of Ty and Ty was similar in the CD4+and CD8 + T cell subsets. Ty,

T effector memory cell; Tgyra, effector memory T cells re-expressing CD45RA.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02452-y

a Patient 4: Peritoneal Mesothelioma b
Before infusion 6 months after infusion 107
36mm 0mm
s
£
z &
= =
i )
@
4
[+
Days after infusion
-y
~ E
5 £
» w
o o
=1 s
0 T T T T T
-10 0 10 20 30
Days after infusion
d Patient 5: Ovarian Cancer
Before Infusion 1 month after infusion 3 months after infusion
19mm 14mm 10mm

Lesion 1

Lesion 2
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failure. a, Representative MRl images at baseline and CT scan images 6 months
post gavo-cel infusion showing complete tumor regression of lesion abutting
the left kidney (lesion 1) and reduction in size of the tumor in the peritoneal
reflection of the rectum (lesion 2). b-c, Circulating surrogate biomarkers of

tumor response. b, Decrease in serum SMRP and ¢, MPF levels following gavo-cel
infusion. Tumor regression in a 70-year-old female with platinum refractory
highgrade serous ovarian cancer treated at dose level 1. d, Representative

CT scanimages show regression in target lesion size of mediastinal lymph node
(lesion1) and abdominal retro-caval lymph node (lesion 2) at 1- and 3- months
after gavo-cel infusion and maintained up to 6 months post treatment. The
measurements denote the size of the target lesions Source Data.
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Extended Data Fig. 7| Characterization of gavo-cel T cell products (TCPs).
Flow cytometry methods were used to characterize TCPs. a, Median fold
expansion of the TCPs during the manufacturing process was 30.9 (n = 32
independent patient samples). b, Percent of TRuC+ T cells was 47.9% (n = 22
independent patient samples). ¢, The ratio of CD4+to CD8 + T cells was 2.65
(n=32independent patient samples). For box-plots, center line, box limits and
whiskers represent the median, interquartile range and minima and maxima,
respectively. d, Memory subset composition using the markers CD45RA and
CCR7 showed variable composition of stem cell memory (Tscy) and naive T cells,
central memory T cell (Tgy,), T effector memory cell (Tg,,) and effector memory
T cells re-expressing CD45RA (Tprs SUbsets). e, Expression of the exhaustion
markers TIM-3, PD-1, and LAG-3 were determined by flow-cytometry. TIM-3
expression was high, PD-1was variable, and LAG-3 was low. (n = 22 independent

Patient number
patient samples) For box plots; center lines, box limits and whiskers represent the
median, interquartile range and minima and maxima, respectively. f-g, Gavo-cel
T cell products TCPs show robust polyfunctionality. Multiplexed assessment
of cytokine production at the single cell level was performed by Isoplexis assay in
isolated f, CD4+ (n = 8 independent patient samples) and g, CD8 + T cells within
gavo-cel TCPs. (n = 8 independent patient samples) Polyfunctionality of T cells
defined as a cell co-secreting 2 or more cytokines were analyzed by the IsoSpeak
software across the seven functional groups. The polyfunctional strength Index
(PSI) of T cells was defined as the percentage of polyfunctional cells, multiplied
by the sum of the mean fluorescence intensity (MFI) of the proteins secreted
by those cells: PSI= (% polyfunctional cells in sample) x } (MFl of all 32 secreted
proteins of the polyfunctional cells). TCP predominantly secreted effector,
stimulatory, and chemo attractive proteins Source.
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Extended Data Fig. 9 | PD1 expression and T cell clonotypic expansionin
blood post-gavo-cel infusion. a, PD1 expression. Percent of PD1 positive
gavo-cel T cellsin the manufactured T cell product (TCP) and at different
time-points post infusion. Circles denote subjects with stable disease whereas
triangles denote subjects that achieved a partial response. These data show that
irrespective of response, PD-1expression on gavo-cel T cells increases post-

infusion. b-g, Clonotypic analysis was performed by TCRB CDR3 sequencing.

b, Downsampled richness as a measure of clonal diversity inanalyzed TCPs.
(n=13independent patient samples) ¢, Analysis of downsampled richness in
the blood at baseline and longitudinally for all available subjects post-infusion.
(n=30subjects, with varying longitudinally sample availability, baseline vs.

week 4 ***p = 0.001, baseline vs. week 12 * p = 0.0473) d, Longitudinal analysis of
total expanded clones for all available patients. e-f, Top 100 T cell product (TCP)
clones and the sum frequency of clones found in peripheral blood over time (up
to 52 weeks) are shown for all analyzed subjects. (n = 8 subjects, with varying
longitudinally sample availability) g, Proportion of expanded clones found
inthe TCP. (n =12 independent patients, with varying longitudinally sample
availability). For c, e, f Statistical significance was determined by Kruskal-Wallis
ANOVA and a Dunn’s multiple comparison to determine the p-value. For box-
plots; center line, box limits and whiskers represent the median, interquartile
range and minima and maxima, respectively.
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Extended Data Table 1| Treatment-emergent AEs reported in at least 10% of patients. All emergent AEs described in the
table were deemed at least possibly related to protocol-defined therapy

Patients Treated with Gavo-cel (N=32)
System Organ All Adverse Gradel | Grade2 | Grade3 | Grade4 | Grade$S
Class Adverse Event Events n (%) n (%) n (%) n (%) n (%)
General disorders Pyrexia 19 (59.4) 10 31.3) | 7(21.9 2 (6.3) 0(0.0) 0(0.0)
Fatigue 11 (34.4) 3094 8 (25.0) 0(0.0) 0(0.0) 0(0.0)
Peripheral edema 5(15.6) 3094 2 (6.3) 0(0.0) 0(0.0) 0(0.0)
Immune system Cytokine release
disorders syndrome 25 (78.1) 8 (25.0) 9 (28.1) 6 (18.8) 2 (6.3) 0 (0.0)
Gastrointestinal Nausea 7(21.9) 5 (15.6) 2 (6.3) 0(0.0) 0 (0.0) 0 (0.0)
disorders Diarrhea 7(21.9) 721.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Constipation 5(15.6) 5(15.6) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Abdominal Pain 5(15.6) 4(12.5) 13.1) 0(0.0) 0(0.0) 0(0.0)
Vomiting 4(12.5) 4(12.5) 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0)
Respiratory, Dyspnea 12 (37.5) 5 (15.6) 4 (12.5) 3099 0(0.0) 0 (0.0)
thoracic, and Hypoxia 12 (37.5) 0 (0.0) 3094 9 (28.1) 0(0.0) 0 (0.0)
mediastinal Pleural Effusion 6 (18.8) 13.D) 3094 2 (6.3) 0(0.0) 0 (0.0)
disorders Cough 5 (15.6) 3 (9.4) 13.1D 1.1 0 (0.0) 0 (0.0)
Pneumonitis 5(15.6) 0(0.0) 0(0.0) 309.9) 13.1) 13.1)
Blood and Anemia 18 (56.3) 0(0.0) 2 (6.3) 16 (50.0) | 0(0.0) 0 (0.0)
lymphatic system Febrile neutropenia | 9 (28.1) 2(6.3) 1@3.1) 6 (18.8) 0(0.0) 0(0.0)
disorders Neutropenia 29 (90.6) 0 (0.0) 0 (0.0) 3(9.9) 26 (81.3) | 0(0.0)
Leukopenia 29 (12.5) 0 (0.0) 0 (0.0) 3099 26 (81.3) | 0(0.0)
Lymphopenia 31 (96.9) 0(0.0) 0 (0.0) 2 (6.3) 29 (90.6) | 0(0.0)
Thrombocytopenia 10 (31.3) 13.D) 2(6.3) 13.1) 6 (18.8) 0(0.0)
Vascular disorders | Hypotension 13 (40.6) 1@3.1) 9 (28.1) 3(9.4) 0 (0.0) 0 (0.0)
Deep vein
thrombosis 4(12.5) 0(0.0) 4 (12.5) 0(0.0) 0(0.0) 0(0.0)
Infections and
infestations Pneumonia 4(12.5) 0 (0.0) 2 (6.3) 2(6.3) 0(0.0) 0 (0.0)
Urinary tract
infection 4(12.5) 2 (6.3) 2 (6.3) 0(0.0) 0(0.0) 0(0.0)
Nervous system
disorders Headache 8 (25.0) 6 (18.8) 13.1) 13.1) 0(0.0) 0(0.0)
Dizziness 5(15.6) 4(12.5) 13.1) 0 (0.0) 0 (0.0) 0 (0.0)
Skin and
subcutaneous
tissue disorders Alopecia 6 (18.8) 5 (15.6) 1@3.1) 0(0.0) 0 (0.0) 0 (0.0)
Cardiac disorders Tachycardia 4(12.5) 2 (6.3) 2 (6.3) 0(0.0) 0(0.0) 0(0.0)
Psychiatric
disorders Anxiety 4(12.5) 0(0.0) 4(12.5) 0(0.0) 0(0.0) 0(0.0)
Other Alanine
aminotransferase
increased 7(21.9) 4(12.5) 13.1) 2 (6.3) 0 (0.0) 0 (0.0)
Aspartate
aminotransferase
increased 7(21.9) 3094 2 (6.3) 2 (6.3) 0(0.0) 0 (0.0)
Weight decreased 7(21.9) 2 (6.3) 4 (12.5) 13.1) 0(0.0) 0(0.0)
Blood fibrinogen
decreased 4(12.5) 0 (0.0) 13.1) 2 (6.3) 13.1) 0(0.0)
Hypoalbuminemia 9 (28.1) 2 (6.3) 7(21.9) 0(0.0) 0(0.0) 0 (0.0)
Hyponatraemia 9 (28.1) 4(12.5) 3094 2 (6.3) 0(0.0) 0 (0.0)
Hypomagnesemia 8 (25.0) 7(21.9) 13.1) 0 (0.0) 0(0.0) 0 (0.0)
Hypokalemia 6 (18.8) 13.1) 4(12.5) 13.1) 0(0.0) 0 (0.0)
Hypophosphatemia | 5 (15.6) 13.1) 4(12.5) 0(0.0) 0(0.0) 0(0.0)
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should be directed to either of the corresponding authors: Dr. Raffit Hassan, M.D., Dr. Alfonso Quintas-Cardama, M.D., David Hong, M.D. Request for raw data and
analyzed data will be reviewed by the corresponding authors to determine if the request is subject to any intellectual property or confidentiality considerations. The
patient identity will not be revealed due to patient confidentiality. Any data or material that can be shared will be done via Material Transfer Agreement. The
TCRbeta sequencing data is available in ImmuneACCESS. DOI: 10.21417/RH2023NM; URL: https://clients.adaptivebiotech.com/pub/hassan-2023-nm

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender

Population characteristics

Participants from both the sexes were included in this study. No sex- based analysis was performed.
Neither sex nor gender was considered in the study design. Patients were enrolled on a “first come first served” basis. Sex/
gender was determined based on self-report.

Inclusion criteria:

Eligibility for the study required that patients met all of the following criteria:

1. Voluntarily agreed to participate by giving written informed consent in accordance with International Conference on
Harmonization (ICH) Good Clinical Practice (GCP) guidelines and applicable local regulations.

2. Agreement to abide by all protocol required procedures, including study related assessments, and management by the
treating institution for the duration of the study and long-term follow-up.

3. Age > 18 years of age at the time the informed consent is signed.

4. Pathologically confirmed diagnosis of either MPM, serous ovarian adenocarcinoma (patients with serous fallopian tube or
primary peritoneal cancers were also eligible), cholangiocarcinoma, or NSCLC.

5. Tumor was pathologically reviewed at a sponsor designated central laboratory with confirmed positive mesothelin (MSLN)
expression on > 50% of tumor cells with 2+ and/or 3+ staining intensity by immunohistochemistry. A fresh biopsy for
confirmation of mesothelin expression was required at baseline (if not done at pre-screening) prior to gavo-cel
administration.

6. Patient had advanced (i.e., metastatic, or unresectable) cancer.

7. Patient had at least 1 lesion that met evaluable and measurable criteria defined by Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1.

8. Prior to gavo-cel infusion, patients must have received at least 1 systemic standard of care therapy for metastatic or
unresectable disease and have failed U.S. FDA approved agents for their disease (e.g., PARP inhibitors for BRCA1/2 mutated
ovarian cancer or osimertinib for patients with EGFR T790M mutation). Patients with newly diagnosed cholangiocarcinoma
could receive gavo-cel infusion if they elected not to pursue frontline standard of care therapy.

9. Eastern Cooperative Oncology Group (ECOG) performance status O or 1.

10. Negative rapid influenza diagnostic test and/or a respiratory viral panel (as per Institutional guidelines) within 14 days
prior to the planned gavo-cel infusion. Respiratory viral panel should be performed according to institutional guidelines and
include coronavirus disease 2019 (Covid-19; SARS-CoV-2). If patient was symptomatic or tested positive, the gavo-cel infusion
was delayed until the patient was asymptomatic and deemed fit for infusion by the treating physician.

11. Left ventricular ejection fraction > 45% as measured by resting echocardiogram, with no clinically significant pericardial
effusion.

12. Female patients of childbearing potential (FCBP) must have a negative urine or serum pregnancy test (FPCP is defined as
premenopausal and not surgically sterilized). FPCP must agree to use effective birth control or to abstain from heterosexual
activity throughout the study, starting on the day of first dose of lymphodepleting chemotherapy through 12 months post
gavo-cel infusion or for 4 months after there is no evidence of persistence of gene modified cells in the blood, whichever is
longer. Effective contraceptive methods include intra-uterine device, oral or injectable hormonal contraception, or 2
adequate barrier methods (e.g., diaphragm with spermicide, cervical cap with spermicide, or female condom with
spermicide). Spermicides alone are not an adequate method of contraception. Male patients must be surgically sterile or
agree to use a double barrier contraception method or abstain from heterosexual activity with a female of childbearing
potential starting at the first dose of protocol-defined treatment and for 4 months thereafter or longer (if indicated in the
country specific monograph/label for cyclophosphamide).

13. Patient must have adequate organ function according to the following laboratory values:

Hematological

Absolute neutrophil count > 1 x 109/L (without growth factor support)

Absolute lymphocyte count > 0.3 x 109/L

Platelets > 100 x 109/L

Hemoglobin >90 g/L (without transfusion support within 7 days prior to protocol defined therapy)

Coagulation

Prothrombin time < 1.5 x upper limit of normal (ULN)

Partial thromboplastin time < 1.5 x ULN

Renal

Creatinine clearance (Cockcroft—Gault formula) > 40 mL/min

Hepatic

Serum total bilirubin <2 x ULN (unless patient has documented Gilbert’s syndrome or unless secondary to bile duct
obstruction by tumor)

Alanine aminotransferase <2.5 x ULN or <5 x ULN if documented liver metastasis

Aspartate aminotransferase <2.5x ULN or <5 x ULN if documented liver metastasis

Exclusion Criteria:

Patients meeting any of the following criteria were not eligible for participation in the study:

1. Inability to follow the study procedures.

2. Known or suspected noncompliance, drug, or alcohol abuse.

3. Participation in another study with investigational drug within the 28 days or 5 half-lives of the drug, whichever is shorter,
preceding and during the present study.
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4. Patient is pregnant (or intends to become pregnant during the course of the study) or breastfeeding.

5. Patient has received the following treatment prior to initiating protocol-defined therapy with either lymphodepletion or
gavo-cel:

i. Cytotoxic chemotherapy within 3 weeks of gavo-cel infusion.

ii. Corticosteroids: therapeutic doses of steroids must be stopped at least 2 weeks prior to gavo-cel infusion. Inhaled
corticosteroids are not exclusionary.

iii. Immunosuppression: any other immunosuppressive drugs (e.g., methotrexate, mycophenolate) must be stopped > 4
weeks prior to first protocol defined treatment.

iv. Use of an anti-cancer vaccine within 2 months in the absence of tumor response or 6 months if responding.

v. Any previous gene therapy using an integrating vector.

vi. Tyrosine kinase inhibitors within 72 hours.

vii. Any previous allogeneic hematopoietic stem cell transplant.

viii. Investigational treatment or clinical trial within 4 weeks or 5 half-lives of investigational product, whichever is shorter.
ix. Radiotherapy to the target lesions within 3 months prior to lymphodepleting chemotherapy unless palliative radiotherapy
to non-targeted lesions.

x. Current anticoagulative therapy (excluding deep vein thrombosis prophylaxis).

xi. Immunotherapy (monoclonal antibody therapy, checkpoint inhibitors) within 4 weeks.

6. Toxicity from previous anti-cancer therapy that had not recovered to < grade 1 (except for non-clinically significant
toxicities, e.g., alopecia, vitiligo). Grade 2 toxicities that are deemed stable or irreversible (e.g., peripheral neuropathy) are
non-exclusionary.

7. History of allergic reactions attributed to compounds of similar chemical or biologic composition to fludarabine,
cyclophosphamide, or other agents used in the study.

8. History of autoimmune or immune-mediated disease such as multiple sclerosis, lupus, rheumatoid arthritis, inflammatory
bowel disease, or small vessel vasculitis.

9. Major surgery (other than diagnostic surgery) within 4 weeks prior to first protocol defined therapy, minor surgery
including diagnostic surgery within 2 weeks (14 days) excluding central iv port placements and needle aspirate/core biopsies.
Radiofrequency ablation or transcatheter arterial chemoembolization within 6 weeks prior to enrollment.

10. Leptomeningeal disease, carcinomatous meningitis, or symptomatic central nervous system (CNS) metastases: patients
are eligible if they have recovered from the acute effects of radiation therapy or surgery prior to study entry, and a) have no
evidence of brain metastases post treatment or b) are asymptomatic, have discontinued corticosteroid or anti-seizure
therapy for metastases for at least 4 weeks and have radiographically stable CNS metastases (no growth, edema, or shift for
at least 3 months prior to study entry).

11. Any other prior or concurrent malignancy with the exception of treated basal cell or squamous cell carcinoma, in situ
carcinoma of the cervix or breast, stage 0 or 1 melanoma completely resected more than 12 months prior to enroliment,
successfully treated organ-confined prostate cancer, other malignancies completely resected and in remission for more than
5 years.

12. Electrocardiogram (ECG) showing a clinically significant abnormality at screening.

13. Uncontrolled intercurrent illness including active infection, clinically significant cardiac disease (e.g., congestive heart
failure New York Heart Association class 3 or class 4, significant arrhythmia, acute coronary syndrome), interstitial lung
disease, liver cirrhosis, or primary sclerosing cholangitis.

14. Active infection with human immunodeficiency virus (HIV), hepatitis B virus, hepatitis C virus (HCV), or human T-
lymphotropic virus (HTLV).
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Recruitment Based on eligibility criteria, patients were recruited on first come first serve basis. Informed consent was obtained from all
participants in the clinical trial, as stated in the clinical trial protocol. Participants were not compensated for their
participation in the clinical trial. We do not identify any bias that could have impacted the results. Patients were recruited
between June, 2019, till February 28th, 2022.

Ethics oversight The trial was approved by the Institutional Review Board of the participating centers and all the patients provided written
informed consent.

The seven participating centers are:

1. Thoracic and GI Malignancies Branch, Center for Cancer Research, National Cancer Institute, National Institutes of Health,
Bethesda, MD, USA

2. Princess Margaret Cancer Centre, Toronto, Canada

3. Department of Medical Oncology, Memorial Sloan Kettering Cancer Center, Weill Cornell Medical College, New York, NY,
USA

4. Division of Hematology/Oncology, Department of Medicine, University of California, San Francisco, CA, USA
5. Sarah Cannon Cancer Center, Nashville, TN, USA
6. Hospital of the University of Pennsylvania, Abramson Cancer Center, Philadelphia, PA, USA

7. Department of Investigational Cancer Therapeutics, University of Texas M.D. Anderson Cancer Center, Houston, TX, USA
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Life sciences study design

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

Sample size Sample size is based on patient enrollment. Thirty two-patients were enrolled in this study.
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Data exclusions  All thirty-two patients who received gavo-cel infusion were evaluated for safety. For translational studies, patient samples with available data
were included with sample size (n) mentioned in the figure legends

Replication This is a clinical trial and individual patient serve as biological replicate.
Randomization  Thisis a single-arm study, therefore randomization is not required.

Blinding This is an open -labeled trial, hence blinding is not required.

Reporting for specific materials, systems and methods

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

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
Antibodies |:| ChlIP-seq
Eukaryotic cell lines |:| |Z Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms

Clinical data
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Dual use research of concern

Antibodies

Antibodies used CD3-BUV395 (BD Biosciences, cat#564001, clone SK7), 1:50 dilution
CD4-BUV496 (BD Biosciences, cat#612936, clone SK3), 1:25 dilution
CD8-APC-Cy7 (BD Biosciences, cat#348793, clone SK1), 1:100 dilution
CD366/TIM3-PE (BD Biosciences, cat#565570, clone 7D3), 1:400 dilution
CD27-BV605 (BioLegend,cat#302829, clone 0323), 1:12.5 dilution
CD45RA-BV711 (Biolegend, cat#304137, clone HI100), 1:400 dilution
CD45R0-Alexa-700 (BiolLegend, cat#304217, clone UCHL1), 1:25 dilution
CCR7-PE-Cy7 (BiolLegend, cat#353225, clone G043H7), 1:25 dilution
CD95-BV785 (Biolegend, cat#305645, clone DX2), 1:100 dilution
CD279/PD-1-BV421 (BiolLegend, cat#329919, clone EH12.2H7), 1:25 dilution
CD223/LAG-3 BV650 (BiolLegend, cat#369315, clone 11C3C65), 1:50 dilution
and an anti-VHH-AF488 for TRUC detection (Genscript, cat#A01862, clone 96A3F5), 1:400 dilution

Validation All commercially available antibodies were validated and routinely tested according to the manufacturer's instruction.
All the above listed antibodies were used on a immunophenotyping flow panel that was set-up and characterized by a third-party
CRO. This included, antibody titration, FMO, assay precision tests, stability of antibodies and LLOQ determination. In addition all
antibodies were tested on both healthy donor PBMCs and TRuUC T cells prior to use on patient PBMCs




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  Clinical Trials.gov NCT03907852
Study protocol The clinical protocol is included.

Data collection Data was collected from eligible patients recruited between May 2019 and May 2022 in 7 participating centers in the US. The cut-off
date for data analysis was September 9th, 2022. Peripheral blood and biopsies were collected based on Study calendar.

Outcomes The primary objective was to evaluate safety and to determine the RP2D of gavo-cel. Secondary objectives included efficacy, by
determining overall response rate (ORR), disease control rate (DCR), time to response (TTR), duration of response (DoR) and T cell
kinetics.
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Flow Cytometry

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).
g 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 Human PBMCs were isolated from blood drawn into CPT tubes. Washed PBMCs were counted, aliquoted and cyropreserved
in LN2 until use.

Instrument BD LSR Fortessa was used to collect data.

Software BD FACSDiva software version 9.0 was used to collect data and Flowjo software version 10.8.1 was used to analyze the data.

Cell population abundance Viable (PBMC) cells were counted before acquisition by means of the automated guava counting process using the Viacount
Reagent. (GuavaEasyCyte HT and GuavaSoft v3.3)

Gating strategy FMO samples were used to define positive and negative populations in the initial experiments. FSC-A/SSC-A were used to

eliminate debris and FSC-A/FSC-H were used to eliminate doublet populations, Live/Dead was used to identify viable cells.

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