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Here we report results of a phase 1 multi-institutional, open-label, dose-
escalation trial (NCT02744287) of BPX-601, an investigational autologous
PSCA-directed GoCAR-T® cell product containing an inducible MyD88/CD40
ON-switch responsive to the activating dimerizer rimiducid, in patients with
metastatic pancreatic (mPDAC) or castration-resistant prostate cancer
(mCRPC). Primary objectives were to evaluate safety and tolerability and
determine the recommended phase 2 dose/schedule (RP2D). Secondary
objectives included the assessment of efficacy and characterization of the
pharmacokinetics of rimiducid. Thirty-three patients received BPX-601 with or
without rimiducid, 24 patients with mPDAC and 9 with mCRPC. Two dose-
limiting toxicities and two treatment-related deaths occurred in the highest-
dose mCRPC cohort, after which the study was terminated, without determi-
nation of the RP2D. Two mCRPC patients experienced partial responses (one
unconfirmed), and 56% of mCRPC patients achieved >50% reduction in
prostate-specific antigen. BPX-601 cell expansion, long-term persistence in
peripheral blood, and tumor infiltration were observed. Rimiducid increased
circulating inflammatory cytokines/chemokines consistent with GOCAR-T® cell
activation. These results suggest that pharmacological activation of GoCAR-T®
cells is feasible and may offer a promising avenue to control chimeric antigen
receptor-T cell activity with continued dose-optimization to improve
tolerability.

Chimeric antigen receptors (CARs) are synthetic receptors that redir-
ect the specificity and improve the efficacy of T cells. In recent years,
the adoptive transfer of CAR T cells has become a well-established
treatment for certain hematologic malignancies, with remarkable
response rates, leading to six clinical approvals of CAR T cells targeting
CD19 or BCMA!. The most well-described toxicities associated with
cellular therapies are cytokine release syndrome (CRS) and neuro-
toxicity (immune effector cell-associated neurotoxicity syndrome
[ICANS]). In addition, toxicities resembling hemophagocytic

lymphohistiocytosis (carHLH), characterized by fever, hyperferritine-
mia, coagulopathy, hepatic dysfunction, and cytopenias have been
described as a secondary inflammatory wave after initial improvement
in CRS symptoms and are frequently life-threatening’.

However, the success of CAR T cell therapies against solid tumors
remains elusive, likely due to limited CAR T cell fitness, expansion, and
persistence; susceptibility to T cell exhaustion; poor trafficking and
infiltration into tumors; and/or the immunosuppressive tumor
microenvironment®. Further, the selection of target antigens with
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heterogeneous tumor expression and off-tumor expression can lead to
incomplete response and on-target off-tumor toxicity. Finally, severe
adverse events (AEs) linked to over-activation of the therapeutic cells
and/or host immune system also limit efficacy in patients®.

To address some of the limitations of constitutively activated CAR
T cell approaches in solid tumors, we developed a novel approach to
drive antitumor activity through the pharmacological activation of
CAR T cells. BPX-601 is an investigational genetically modified, auto-
logous GOCAR-T® cell product that targets prostate stem cell antigen
(PSCA)-expressing cells through a first-generation anti-PSCA CAR with
which cytotoxicity (T cell signal 1) is directed by CD3{. BPX-601 co-
expresses an engineered cytoplasmic molecular ON-switch, the indu-
cible MyD88/CD40 (iMC) construct, that is activated by dimerization
induced by the clinically validated, specific, and otherwise biologically
inactive small molecule rimiducid (formerly AP1903) (Supplementary
Fig. 1A)*°. This activation switch places the T cell co-stimulatory signal
(T cell signal 2) under the tunable control of the pharmacologic agent
rimiducid. In the presence of rimiducid, iMC dimerization activates
Toll-like receptors and CD40 signaling pathways and triggers strong
pro-survival, activation, and expansion signals in the GoCAR-T® cells
(Supplementary Fig. 1B). iMC activation alone is not sufficient to drive
expansion of transduced primary human T cells without synergy with
an activated CAR or T cell receptor bound to its target’. Thus, iMC
represents a potent genetic tool to pharmacologically control CAR T
cell activation and modulate therapeutic activity.

PSCA is a small glycosylphosphatidylinositol-anchored cell sur-
face protein belonging to the Thy-1/Ly-6 family. PSCA is overexpressed
in ~50% of metastatic pancreatic ductal adenocarcinomas (mPDAC)
and 80% of prostate cancers', including nearly 100% of bone lesions
from metastatic castration-resistant prostate cancer (mCRPC), with
limited normal expression in the epithelial cells of the bladder, kid-
neys, skin, esophagus, stomach, and placenta" ™", making PSCA an
attractive immunotherapeutic target’®". Furthermore, PSCA expres-
sion in prostate cancer is positively correlated with tumor stage, grade,
and independence from androgen signaling®.

Here we show the results from a multi-center, open-label, single-
arm phase 1 dose-escalation clinical trial of PSCA-directed, genetically
modified, autologous BPX-601 GoCAR-T® cells with pharmacological
activation by rimiducid in patients with mPDAC or mCRPC. The safety
and efficacy of BPX-601 plus rimiducid in patients with advanced solid
tumors is reported in detail. We demonstrate the expansion and per-
sistence of BPX-601 cells in peripheral blood (PB), their activation by
rimiducid, and their infiltration in tumors. Collectively, these data
show that pharmacological activation of GoCAR-T® cells with rimidu-
cid is feasible and with continued dose optimization to improve tol-
erability may offer an avenue to control CAR T activity. Conclusions
regarding efficacy and correlative outcomes are limited by small
patient numbers in each cohort and the early-stage nature of this trial
and should be viewed as hypothesis generating.

Results
Clinical trial design and patient characteristics
Our phase 1 study (NCT02744287) evaluated the safety and efficacy of
BPX-601, a PSCA-directed, autologous GoCAR-T® cell product, admi-
nistered with and without rimiducid in a 3 + 3 dose-escalation design
(Supplementary Fig. 2A). Patients with mPDAC were screened to con-
firm PSCA mRNA expression prior to enrollment. Patients with mCRPC
were enrolled without selection for PSCA given the high prevalence of
expression in this disease; PSCA mRNA expression was retrospectively
confirmed in the evaluable pre-treatment biopsies obtained from four
of the nine mCRPC patients. PSCA protein expression could not be
quantified by the time of study closure, limiting the interpretation of
antigen expression/response relationship.

In the dose-escalation phase of the clinical trial, lymphodepletion
(LD) regimens consisting of cyclophosphamide (Cy) (mPDAC cohorts

0, 3, 4, and 5A, n=13) or Cy/fludarabine (Cy/Flu) (cohorts 5B and 5C:
PDAC, n=11 and mCRPC, n=9), BPX-601 cell dose
(1.25x10°-5 x10° cells/kg in mPDAC patients, 5x10°cells/kg in
mCRPC patients) and rimiducid administration schedule (none, once
at day 7, or weekly starting at day 7) at 0.4 mg/kg, were evaluated
(Supplementary Fig. 2A). Twenty-four mPDAC and 9 mCRPC patients
received BPX-601 (Supplementary Fig. 2B) and composed the popu-
lation evaluable for safety (n=33); among them 29 patients (88%)
received rimiducid in some capacity, 19 patients as a single dose and 10
patients as weekly doses (number of doses ranged from 2 to 48).

Patients’ clinical and disease characteristics are presented in
Supplementary Table 1. The median age at study entry was similar for
the two tumor types. The median number of prior treatment regimens
was 2 for patients with mPDAC (range 1-6) and 8 for patients with
mCRPC (range, 5-9). All patients with mCRPC had received prior
androgen receptor signaling inhibitor therapy and taxane-based che-
motherapy; all patients with soft tissue disease had received prior
immunotherapy.

Safety and tolerability of BPX-601 CAR T cells with rimiducid
At least one treatment-emergent adverse event (TEAE) was reported in
all patients irrespective of relationship to investigational therapy
(Supplementary Tables 2 and 3). The most frequent grade >3 TEAEs
(>20%) were neutropenia (45.8% and 55.6%), leukopenia (37.5% and
44.4%), and anemia (20.8% and 77.8%) for the mPDAC and mCRPC
cohorts, respectively. These myelosuppressive AEs are commonly
observed with the chemotherapy administered for LD, and many of
these events were attributed to LD by the investigators.

CAR T cell therapy commonly results in two primary toxicities:
CRS and neurologic toxicity/ICANS. CRS of any grade occurred in 12.5%
of mPDAC and 100% of mCRPC patients (Supplementary Table 3 and
Supplementary Fig. 3). Grade >3 ICANS was reported in 1/24 (4.2%)
mPDAC and 2/9 (22.2%) mCRPC patients. CRS and neurotoxicity events
were observed only in patients who received the highest tested dose of
BPX-601 (5 x 10° cells/kg) following Cy/Flu LD. In the mPDAC cohorts,
CRS was not reported following BPX-601 alone, in contrast to 44.4% (4/
9) of mCRPC patients, who experienced manageable grades 1 or 2 CRS
that typically began 1-3 days after cell infusion. All patients with
mCRPC experienced CRS after the first dose of rimiducid (grades 1-3),
with onset of fever beginning the day after rimiducid administration
(median time to onset 1 day [range: 1-3 days]). Grade >3 CRS or ICANS
events were reported only following the first or second dose of rimi-
ducid; none occurred after the third or later rimiducid administration.
Rimiducid was delayed in one patient with mCRPC and discontinued in
four patients with mPDAC for related AE. Routine supportive care for
the management of CRS and/or ICANS included corticosteroids (four
mPDAC and four mCRPC patients), tocilizumab (three mPDAC and five
mCRPC patients, half of whom received more than one dose), and
siltuximab (one mPDAC and two mCRPC patients).

Four patients (two patients each in the mPDAC and the mCRPC
cohorts) experienced dose-limiting toxicities (DLT, criteria provided in
the “Methods” section) (two grade 4 CRS, one grade >3 ICANSs [lasting
>7 days] and one fatal sepsis) at the BPX-601 5 x 10° cell/kg dose level
(Supplementary Tables 3 and 4). Following the second DLT event in the
mCRPC cohorts, the trial was discontinued. The maximum tolerated
dose was 5 x 10° cells/kg with a single dose of rimiducid, and the RP2D
was not defined. The planned evaluation of lower BPX-601 cell dose
(2.5 x10° cells/kg) with weekly rimiducid, expected to better support
CAR T expansion and persistence through weekly dosing, was not
explored due to early study discontinuation.

Clinical antitumor efficacy

Antitumor response, evaluable in 26 patients, is reported in Table 1. No
objective radiographic responses were observed in mPDAC patients;
modest tumor shrinkage was reported in three patients. There were
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Table 1| Efficacy evaluation by tumor type®

Variable mPDAC patients (n =20) mCRPC patients (n=6)
Best overall response

CR, n (%) (0] (0]

PR, n (%) o] 1(16.7%y

uPR, n (%) 0 1(16.7%)

SD, n (%) 12 (60%) 4 (66.7%)

PD, n (%) 8 (40%) (0]

ORR, n (%) 0 1(16.7%)

DCR, n (%) 12 (60%) 6 (100%)

Prostate cancer patients with lymph node/soft tissue/visceral metastases are evaluated by
RECIST v1.1 criteria regardless of bone involvement.

mCRPC metastatic castration-resistant prostate cancer, mPDAC pancreatic ductal adenocarci-
noma, CR complete response, PR partial response (confirmed; confirmed by repeat assessment
no <4 weeks after the criteria response was first met), uPR unconfirmed partial response, SD
stable disease, PD progressive disease, ORR objective response rate, DCR disease control rate.
“Tumor response was determined based on investigator assessment according to RECIST ver-
sion 1.1. Efficacy-evaluable population consisted of patients with measurable disease who
received BPX-601, at least one dose of rimiducid, and at least one post-baseline disease
evaluation.

two partial responses in mCRPC patients (Fig. 1A, C), one of which was
unconfirmed due to patient death.

Antitumor responses in the mCRPC cohorts were also evaluated
by measuring maximum declines from baseline in serum prostate-
specific antigen (PSA) (Fig. 1A, B). A decrease in PSA of at least 50%
(PSA50 response) was observed in five (55.6%) patients. Four of these

a

100

-30%
PSA50

Best response
(% change from Baseline)

PSAS0

Pre-Treatment

PSA (% change from Baseline) o

patients experienced a decrease in PSA levels of at least 90% (PSA90
response). Biochemical responses were rapid, with the maximum
decrease in PSA often observed on or before the first protocol-defined
timepoint of day 28 (Fig. 1B).

Two patients with mCRPC with bone-only disease were evaluated
for response by Prostate Cancer Working Group 3 (PCWG3) criteria,
with one demonstrating clinical progression with rising PSA, con-
firmed at week 16 and the second experiencing stable-to-improving
radiographic disease for -6 months following a PSA90
response (Fig. 1A).

BPX-601 cell expansion and persistence

BPX-601 cells expanded in the PB of all patients, with an initial
expansion phase peaking within 14 days after BPX-601 cell infusion,
followed by a variable decline (Fig. 2 and Supplementary Fig. 4). The
magnitude of BPX-601 peak expansion in mPDAC patients generally
increased with cell dose and use of Cy/Flu LD compared to Cy alone
(Supplementary Fig. 5A, B). Greater cell expansion after Cy/Flu was
most likely due to increased levels of the lymphocyte-stimulating
cytokine IL-15 (Supplementary Fig. 5C), as expected. Maximal BPX-
601 cell expansion after Cy/Flu was similar for mPDAC and mCRPC
patients who received 5 x 10° cells/kg and either single or weekly doses
of rimiducid (Fig. 2A, B and Supplementary Figs. 4, 5A, B).

BPX-601 cells persisted in the PB of patients with mPDAC and
mCRPC up to 250 days after infusion; some patients with detectable
BPX-601 DNA at last measurement were lost to follow-up, and BPX-601
cells persistence in those patients was not established (Fig. 2A, B). BPX-

100+
mCRPC-5B-1
mCRPC-5B-2
50
mCRPC-5B-3 —
0. —e— mCRPC-5C-1
-+ mCRPC-5C-2
50 - PSA50 -+ mCRPC-5C-3 Cohort 5C
-+ mCRPC-5C-4
- PSA90
-100- = -~ mCRPC-5C-5
14 -7 0 7 14 21 28 35
—+— mCRPC-5C-6 —

Days from BPX-601 infusion

Post-Treatment

Fig. 1| Radiologic and biochemical responses after BPX-601 and rimiducid
infusions in patients with mCRPC. a Waterfall plot depicting maximum fold
change in tumor target lesion (per RECIST 1.1) (open bars) and PSA (closed bars) for
individual mCRPC patients (n=9) treated in cohort 5B (orange) and 5C (purple). *
indicates patients who received steroids during treatment. Horizontal dash lines
indicate 30% decrease in tumor size (-30%) and PSA decrease of 50% (PSA50) and

90% (PSA90). b Spider plot showing the kinetics of PSA response per patient within
the 1st month after BPX-601 cell infusion. ¢ Computed tomography scans
demonstrating tumor reduction in patient mCRPC-5B-3 following administration of
BPX-601 cells and a single rimiducid infusion. Radiologic images were obtained
before therapy and at day 42 after BPX-601 cells. The tumor site is indicated by the
orange arrow. Source data are provided as a Source Data file.
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601 cells kinetics were not statistically different in mCRPC patients

with >PSA50 responses (Supplementary Fig. 5D).
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Rimiducid pharmacokinetics and impact on BPX-601 cells and

circulating inflammatory markers

Rimiducid was given to patients at a dose of 0.4 mg/kg infused over
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cohorts 5B and 5C and were generally consistent between cohorts,
with plasma concentrations increasing rapidly during the 2-h infusion,
then showing rapid distribution, declining to low or undetectable
levels within 24 h after infusion (Supplementary Fig. 6), consistent with
a prior report™.

Following rimiducid infusion, a rapid decrease in BPX-601 cell
levels in PB was observed, followed by variable recovery over the
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Fig. 2 | BPX-601 cell expansion and persistence and cytokine profiles in per-
ipheral blood in response to rimiducid. CAR T cell expansion and persistence in
peripheral blood of a mPDAC (n=11) and b mCRPC (n=9) patients enrolled in
cohorts 5B (orange) and 5C (purple) measured by qPCR-based detection vector
copy number (VCN) in genomic DNA. BPX-601 pharmacokinetics over the 1st
month for all subjects and beyond that time for evaluable patients are shown. LLOQ
lower limit of quantitation. Effect of rimiducid on CAR T cell and cytokine pro-
duction in patients with ¢ mPDAC (n=11) or d mCRPC (n=9, except n=8 for
rimiducid PK) enrolled in cohorts 5B and 5C after first rimiducid dose. Rimiducid PK
(black), VCN (red), and IFN-y concentration (orange) in peripheral blood (mean +
SD) are shown to illustrate the effect of rimiducid dosing on VCN and IFN-y

production (as an example of multiple cytokines’/chemokines’ response to rimi-
ducid infusion). Main figure shows data during the first 14 days of treatment, and
inserts highlight data during the day after rimiducid dosing, with timeline (days)
adjusted to align BP-601 and rimiducid infusions across all patients. Cytokine and
chemokine response during 1st month in patients with e mPDAC (n =11) or fmCRPC
(n=9) enrolled in cohorts 5B and 5C. Median maximum fold change from pre-
treatment for each cytokine/chemokine is shown for the first 4 weeks of treatment,
plotted as pre-dose and peak observed after each infusion (BPX-601 or rimiducid,
as indicated). Baseline and peak cytokines of patients from cohorts 5B and 5C are
shown for BPX-601 and first rimiducid dose, then only patients from cohort 5C are
shown for rimiducid doses 2 and 3. Source data are provided as a Source Data file.

following week (Fig. 2C, D). The timeline of decrease of BPX-601 cells in
the PB after rimiducid infusion suggests that BPX-601 cells marginate
out of circulation after iMC activation, rather than undergo potential
activation-induced cell death, although the later hypothesis cannot be
formally eliminated. The subsequent re-increase in BPX-601 may be
explained as return of the cells in circulation or proliferation/expan-
sion. Interestingly, while a rapid rebound of BPX-601 was observed
within a few hours to 1 day in most mPDAC patients, rebound was
generally slower and/or less profound in patients with mCRPC,
potentially suggesting a more efficient engagement of BPX-601 cells
with the tumor. An increase in pro-inflammatory cytokines and che-
mokines commonly associated with CAR T cell activation was observed
after rimiducid infusion, most frequently peaking within the day fol-
lowing rimiducid infusion and returning to baseline within a week
(Fig. 2C, D).

CARTT cell activation and inflammatory cytokines/chemokines
The release of inflammatory cytokines and chemokines commonly
associated with CAR T cell activation (e.g., IFN-y, TNF-&, GM-CSF, IL-6)
after BPX-601 cell infusion alone was detectable but limited, consistent
with reports of first-generation CAR T cells®. Rimiducid infusions led
to higher elevations of the serum levels of these multiple cytokines and
chemokines. Weekly dosing of rimiducid led to repeat cycles of
increase and normalization of these cytokines and chemokines, con-
sistent with CAR T cell activation (Fig. 2E, F and Supplementary Figs. 7,
8). Levels of inflammatory cytokines and chemokines generally nor-
malized to pre-treatment levels between BPX-601 and rimiducid infu-
sions or weekly rimiducid doses. Levels of circulating cytokines/
chemokines induced by rimiducid were much higher in patients with
mCRPC than in patients with mPDAC (for example, the median fold
induction of IFN-y was eightfold [range 1-157-fold] in mPDAC patients
versus 102-fold [range 5-1816-fold] in mCRPC patients after the first
dose of rimiducid) (Fig. 2E, F), potentially suggesting greater tumor
engagement and consistent with increased activity in mCRPC. In gen-
eral, the first few rimiducid doses led to the strongest and most con-
sistent induction of cytokine/chemokine release in PB; later doses were
characterized by more limited or undetected IFN-y increases, while
other markers such as TNF-a, GM-CSF, IL-6, or MCP-1 continued to
transiently increase with rimiducid dosing.

Exploratory analyses of peripheral biomarkers associated with
toxicities and clinical activity in mCRPC

Owing to the greater clinical responses and immune activity observed
in mCRPC, translational correlative analyses were focused on this
indication. Grade >2 CRS or ICANS events occurred in three mCRPC
patients after BPX-601 and/or the first two rimiducid infusions, which
resulted in higher circulating levels of cytokines/chemokines asso-
ciated with immune activation (IFN-y, IL-6, IL-2, IL-8, IL-10, GM-CSF)
than was observed in patients with no or grade 1 toxicity (Fig. 3A, B and
Supplementary Figs. 7, 8). In two of these patients, CRS evolved to
carHLH, with high ferritin levels (10,000 ng/mL) without CRP eleva-
tion and strong and sustained elevations in cytokines/chemokines

canonically elevated in carHLH cases (IFN-y, TNF-a, IL-6, IL-8, IP-10
[CXCL10], MCP-1, MIP-1B, soluble IL-2R [sCD25])>***. A rapid increase
in BPX-601 cells in the PB was observed in one of these patients (-300-
fold in 6 days); the clonality of the expanded cells was not evaluable.
Both patients had PSA90 responses at the time of carHLH symptoms
(Supplementary Fig. 9).

Higher peak circulating cytokine/chemokine levels were asso-
ciated with higher grades of immune-related AEs and PSA response
(Fig. 3). In contrast, while elevated CRP and ferritin levels were asso-
ciated with higher grades of immune-related AEs only, they were not
with tumor response (Fig. 3B, C).

All three mCRPC patients who experienced grade >3 CRS and/or
carHLH after rimiducid infusion had grades 1-2 CRS 1-3 days following
BPX-601 infusion. These low-grade CRS symptoms after cell infusion
were concomitant with elevations in inflammation markers, including
CRP, IFN-y, TNF-a, GM-CSF, IL-6, IL-8, IL-10, and IP-10 (CXCL10), that
were much greater than in patients without high-grade immune-rela-
ted AEs after rimiducid (Fig. 4A). While symptoms resolved, circulating
levels of some markers, such as IL-6, remained elevated at the time of
rimiducid administration (Fig. 4B). Elevation of these markers was
consistent with strong BPX-601 cell activation and suggestive of cell
engagement in these patients after BPX-601 cell infusion and prior to
the first dose of rimiducid, and may be used as biomarkers predictive
of potential safety risk post rimiducid infusion.

CAR T trafficking to tumor

Tumor infiltration of non-transduced T cells and BPX-601 cells was
assessed in pre- and post-treatment tumor biopsies from six patients
(three mPDAC and three mCRPC). CD3+ T cells were detected in all
samples, and BPX-601 cells were detectable in all three mPDAC and
two of three mCRPC biopsies. In one mCRPC patient, sequential tumor
biopsies were obtained on day 24 after cell infusion and at the end-of
treatment (day 147). Infiltration of BPX-601 cells was observed at day
24, accompanied by intense T cell infiltration in the tumor nests and
surrounding stroma. In the end-of-treatment biopsy of the same
lesion, very rare BPX-601 cells were detected, and the overall T cell
infiltration was comparatively reduced and excluded from tumor
nests (Fig. 5C).

Discussion

BPX-601 CART cells were designed as first-generation CAR T cells with
pharmacologically controlled activation by rimiducid. While standard
first-generation CAR T cells showed poor expansion, persistence, and
cytokine induction in patients®, the pharmacodynamic characteristics
of BPX-601 cells observed in this study, such as expansion, persistence
up to 250 days in PB, induction of cytokines and chemokines asso-
ciated with IFN-y-driven antitumor activity, and infiltration into
tumors, were comparable or superior to those of other programs that
used constitutively activated and/or armored CAR T cells in solid
tumors® %, These favorable characteristics of BPX-601 cells can likely
be attributed to the pro-survival, proliferation, and activation signals
delivered from rimiducid-induced iMC signaling®®.
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Fig. 3 | Toxicity profile of BPX-601 and rimiducid in patients with mCRPC.
a Heatmap grouped by individual patient depicting maximum grade of cytokine
release syndrome (CRS) or immune effector cell-associated neurotoxicity syn-
drome (ICANS), peak inflammation marker/cytokine/chemokine levels, and bio-
chemical response (PSA) per infusion during the 1st month in mCRPC patients
(n=9). b Box plots presenting peak inflammation marker/cytokine/chemokine

levels grouped per pretreatment and maximum immune-related adverse event
grade (n =9 patients, n = 21 measurements GrO-1, n = 6 measurements Gr2-4). c Box
plots presenting maximum inflammation marker/cytokine/chemokine levels
grouped per biochemical response in patients with mCRPC (n = 4 patients <PSA50,
n=>5 patients >PSA50). Box plots show minimum, lower quartile, median, upper
quartile, and maximum. Source data are provided as a Source Data file.
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Fig. 4 | Inflammatory response after BPX-601 may be predictive of grades 3-4
cytokine release syndrome (CRS) or immune effector cell-associated neuro-
toxicity syndrome (ICANS) after rimiducid in patients with mCRPC. a Radar
graph showing peak cytokine/chemokine response after BPX-601 cell infusion
grouped per maximal CRS or ICANS grade after rimiducid. Increases in circulating
levels of a constellation of inflammatory markers after BPX-601 infusion were sig-
nificantly higher in patients who later experienced grades 3-4 CRS or ICANS after
the first or second rimiducid infusion, compared to patients who experienced no or
grade 1 CRS or ICANS after rimiducid infusion. Radar graph shows minimum, mean,

b
BPX-601 Ri Ri
cells im m
1000005
10000
- 3
£ 10004
o E
2 3
@ 100
4 3
- 4
104
E
L.

TTTTTTTTTTTITTTTITF

-

ITTTTTTTF

Days

and maximum level for each marker in the patient group. b Levels of IL-6 after BPX-
601 administration were significantly elevated in the three patients with mCRPC
who experienced grade >3 CRS or ICANS after the first or second dose of rimiducid
(shown in red) compared to patients who experienced a maximum of grade 1 CRS
or ICANS (shown in black). * indicates the two patients with carHLH who died
during the study. Timeline (days) has been adjusted to align BP-601 and rimiducid
infusions across all patients. Rim rimiducid. Source data are provided as a Source
Data file.
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Day 24 Pre-treatment

EOT: day 147

Fig. 5 | BPX-601 infiltration in mCRPC tumors. Tumor PSCA expression (mRNA),
BPX-601 (MRNA), and T cell (CD3) infiltration in patient mCRPC-5B-3 with con-
firmed partial response: archival sample and fresh biopsies collected at days 24 and
147 (end of treatment, EOT). Scale bar =100 pm.

This study was initiated in mPDAC patients, with the evaluation of
LD regimens, cell dose-escalation, and rimiducid activity. Given the
manageable toxicity observed, the trial was extended to mCRPC
patients. Despite similar cell expansion, a much higher induction of
inflammatory cytokines and more limited rebounds in BPX-601 cell
counts after rimiducid was observed in mCRPC compared to mPDAC,
suggesting that BPX-601 margination/extravasation and tumor infil-
tration and engagement were more efficient in mCRPC, a hypothesis
also supported by the higher antitumor activity observed in this
population. This is perhaps due to differences in CAR T cell access and

trafficking and homing to tumor, which are determinants of response
in other malignancies®. Unfortunately, the low number of evaluable
tumor samples collected and the absence of PSCA protein measure-
ment prevent the evaluation of the relationship between target antigen
expression and pharmacodynamic and clinical response to BPX-601
with and without rimiducid.

Antitumor activity of BPX-601 with rimiducid in heavily pretreated
mCRPC patients was encouraging, with five of nine (55.6%) patients
experiencing PSAS0 decreases—including four with PSA90 responses,
two partial responses (one confirmed) in six efficacy-evaluable patients
(33.3%), one patient with stable nodal disease for more than 1year, and
one PSA90 response with stable-to-improving bone scans for 6 months
in one of two patients with bone-only disease. These efficacy results
compare positively to other CAR T cell programs in prostate cancer
targeting prostate-specific membrane antigen (PSMA) or PSCA, whose
results included: 2 of 5 (40%) patients with PR and PSAS50 reductions®’,
2 of 7 (28.6%) patients with stable disease for >6 months®, 4 of 13
(30.8%) patients with PSA reduction >30% with no objective
responses®, and 4 of 14 (28.6%) patients with PSA decrease including
one PSA50 decline and no objective response’®. While both PSMA and
PSCA are associated with mCRPC, the overlap of co-expression
remains unknown and PSCA might represent an additional target for
patients who received prior PSMA targeted therapy.

Toxicities specific to PSCA-directed therapies are still under eva-
luation. In another study of PSCA-directed CAR T cells in mCRPC, two
patients experienced severe cystitis, which may be due to PSCA
expression in bladder tissue, although a role of cyclophosphamide LD
was also explored. The cyclophosphamide dose was reduced from 500
to 300 mg/m?, after which no grade >2 AEs of cystitis were reported in
five patients”. In our study, one case of grade 3 hematuria and no
severe cystitis (grade > 3) was reported, despite the use of cyclopho-
sphamide at a dose of 500 mg/m> One patient experienced grade 3
cholecystitis, which may represent on-target activity of BPX-601; tissue
was not available for evaluation of PSCA expression or presence of
tumor. Given the small sample size and unknown target antigen
expression in this study, continued evaluation of gastrointestinal
toxicities is warranted. Finally, respiratory toxicities and failures were
observed in the setting of immune-mediated AEs. Since PSCA is not
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reported to be expressed on normal lung tissue (www.proteinatlas.
org) and no grade >3 respiratory AEs were reported in the study of
PSCA-directed antibody or other PSCA-directed CAR T cell therapies,
the respiratory toxicities observed in this study are unlikely related to
on-target effects, and rather common CAR T cell-related AEs'*",
Therefore, PSCA remains a promising therapeutic target due to its
differential expression in tumor versus normal tissues, and association
with tumor progression and aggressiveness™*°,

Evaluation of predictors of CAR T toxicity is an active area of
research. Studies in hematologic malignancies have reported an
association between the severity of CRS and higher tumor burden®;
however, high tumor burden did not appear to be associated with
toxicity in our study. Additional risks factors for severe AEs include cell
dose, LD regimen, and target antigen levels****. In our study, high-
grade immune-related AEs occurred in patients who received the
highest tested dose of BPX-601 cells (5 x 10° cells/kg) following Cy/Flu
LD and had higher expression of inflammatory cytokines; as stated
above, target antigen measurement could not be completed by the
time of study termination.

A delicate balance of benefit-risk exists between efficacy and
toxicities of cellular therapies, especially in a primarily elderly patient
population with comorbidities, as age is a known risk factor for
immune-mediated toxicity*>**. While chemotherapy preconditioning
has dramatically improved the efficacy of cellular therapies, it is not
without toxicity, and which LD regimen is the most effective and safe
remains under intense evaluation in clinical studies”*. In this study, the
addition of Flu to the cyclophosphamide-based LD regimen increased
IL-15 serum levels and cell proliferation as previously reported”~***, and
may have contributed to the observed efficacy; it also resulted in
myelosuppression potentially increasing the risk of opportunistic
infection. Since three deaths due to sepsis occurred in the highest cell
dose cohorts following Cy/Flu LD, one must consider the relationship of
LD to toxicity and evaluate potential mitigation strategies. While gran-
ulocyte colony-stimulating factor (G-CSF) may be used to mitigate LD-
induced neutropenia, there is no consensus on the recommended
strategy for the use of growth factors following CAR T administration or
in the setting of CRS*® (www.nccn.org/professionals/physician_gls/pdf/
growthfactors.pdf). Use in this context has been limited due to hypo-
thesized but largely unknown risks of exacerbating CAR T-related
toxicities™*°. In this protocol, routine use of G-CSF was not mandated;
however, it could be implemented at the physician’s discretion.

While immune activation remained limited after infusion of BPX-
601 cells, and no severe AEs were observed, the first one to two infu-
sions of rimiducid led to significant increases in circulating inflamma-
tory cytokines and chemokines and occurrence of higher grade
immune-related AEs in a subset of patients. Patients with mCRPC who
experienced grade >2 CRS after BPX-601/rimiducid also showed deep
and rapid biochemical responses and tumor shrinkage. In these
patients, we retrospectively observed markedly higher induction of
inflammation markers after BPX-601 cell infusion, and that rimiducid
was infused when circulating levels of some inflammatory cytokines
were high, indicating that ongoing strong immune activation and
inflammation was still occurring, which likely contributed to the
occurrence of immune-related AEs in these patients. Monitoring levels
of inflammation markers such as IL-6 and CRP during the week fol-
lowing BPX-601 infusion and prior to rimiducid dosing may identify
patients at risk for immune-related toxicity. Delay of rimiducid infusion,
and therefore BPX-601 re-activation, until after the prior wave of CAR
T cells activation has receded and inflammatory markers have normal-
ized, may limit or abrogate the occurrence of high-grade immune-
related AEs, without significantly impacting antitumor activity.

While it is acknowledged that there were severe treatment-related
events in this study, given the observed efficacy, lack of dose-limiting
on-target off-tumor toxicity, and paucity of treatment options for
patients with mCRPC, additional evaluation of BPX-601 with rimiducid

to explore strategies to improve the therapeutic window is warranted.
Potential approaches to optimize benefits versus risk may include
modifying the LD regimen, cell dose, or dosing interval between
rimiducid administrations; monitoring inflammatory markers prior to
first few infusions of rimiducid and delaying rimiducid in patient with
ongoing immune activation; and exclusion of patients with elevated
baseline inflammatory markers (e.g., CRP, ferritin). Continued careful
evaluation of patient selection with focus on comorbidities and con-
sideration of pre-emptive toxicity management is an important area of
research for administration of CAR Ts for the treatment of hematolo-
gic malignancies”, and our understanding of how to manage these
complexities in patients with solid tumors continues to evolve. Phar-
maceutical activation of CAR T cells may become an avenue to gain
additional activity and control over CAR T cell activity, in addition to
other strategies currently explored such as targeting multiple tumor
antigens or armoring CAR T cells.

In conclusion, in this phase 1 trial, we demonstrated pharmaco-
logic activation of PSCA-targeted BPX-601 GoCAR-T cells through
rimiducid-induced activation of iMC signaling, providing the co-
stimulatory signals needed to drive T cell activation and enhance
antitumor activity, potentially overcoming some barriers to efficacy
for CAR T cells in solid tumors such as reduced activation and CAR T
cell exhaustion in the inhibitory tumor microenvironment. While lim-
ited pharmacodynamics, clinical activity, and toxicity were observed in
mPDAC patients, BPX-601 with rimiducid led to encouraging phar-
macodynamic and clinical activity in mCRPC, although complicated by
the occurrence of serious immune-related events. Our findings lay the
foundation for future development of iMC-enabled CAR T cell therapy,
including optimization of the therapeutic window by incorporating
enhanced toxicity mitigation strategies and expansion on observed
efficacy in mCRPC through evaluation of predictors of response and/or
mechanisms of resistance.

Methods

Study overview

This study evaluated the safety, clinical activity, and translational
activity of BPX-601 with rimiducid in patients with metastatic pan-
creatic and prostate cancers.

This multi-center, phase 1 dose-escalation trial (NCT02744287) was
conducted in accordance with the United States Food and Drug
Administration, International Conference on Harmonization Guidelines
for Good Clinical Practice, Declaration of Helsinki, and applicable insti-
tutional review board requirements. The study was open at 13 sites in the
USA; the list is available in Supplementary Table 5. All patients provided
written informed consent in accordance with local regulatory review.
Between November 29, 2016 and November 29, 2022, patients were
enrolled on the IRB-approved protocol (see Supplementary Information
for full protocol). The protocol underwent four key amendments to
optimize treatment strategies. A protocol amendment (June 27, 2018)
limited the number of prior lines of therapy for patients with mPDAC. An
amendment on May 1, 2019 added repeat-dose rimiducid infusion
schedule. An amendment on July 15, 2020 enabled enrollment of
patients with metastatic prostate cancer and another on November 9,
2021 adjusted the dose and duration of rimiducid infusion (no patients
were treated on this revised dosing schedule due to early termination).
These amendments aimed to refine the protocol and to maximize
potential patient outcomes based on evolving clinical insights.

The trial was discontinued early on March 14, 2023 following a
second DLT event in the ongoing cohort impacting access to con-
tinued financing to support further dose optimization. Final data
extraction was taken June 1, 2023.

Screening
Patients with mPDAC were screened to confirm PSCA mRNA expres-
sion prior to enrollment. PSCA prevalence in this population is ~ 50%,
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resulting in a high number of patients screened. Notably, 38% of
mPDAC patients screened did not have sufficient PSCA mRNA
expression for enrollment or expression could not be determined
from the tissue provided. Patients with mCRPC were enrolled without
selection for PSCA given the high prevalence of expression in this
disease (-80%); PSCA mRNA expression was retrospectively confirmed
in pre-treatment biopsies from a subset of mCRPC patients with eva-
luable tumor (four of nine). Additional details on the reasons for
patient screen failure are presented in Supplementary Fig. 2.

Patient eligibility
Patients eligible for inclusion in this study had to meet all the following
criteria:

Eligible patients included those with mPDAC or histologically
confirmed mCRPC with evidence of progressive disease according to
PCWG?2 criteria. Additional enrollment criteria included: (i) metastatic
mPDAC with disease progression within 6 months of the most recent
anticancer treatment, documented positive tumor expression of
PSCA, and measurable disease (=1 target lesion) per RECIST v1.1*? at
baseline; (ii) evidence of progressive castrate-resistant prostate ade-
nocarcinoma (as defined by castrate levels of testosterone < 50 ng/mL)
with or without the use of androgen deprivation therapy and evidence
of one of the following measures of progressive disease in the 12 weeks
preceding study enrollment: measurable disease by RECIST 1.1 criteria
at baseline or bone-only metastasis with measurable PSA (=1 ng/mL) at
baseline (per PCWG3 criteria*’), increase in serum PSA of at least 25%
and an absolute increase of 2 ng/mL or more from nadir (per PCWG3
criteria); (iii) previous therapy with at least one standard 17a-
hydroxylase inhibitor or second-generation anti-androgen therapy
for the treatment of mCRPC; (iv) age =18 years; (v) Eastern Cooperative
Oncology Group performance status of 0-1; (vi) adequate organ
function, as defined by serum creatinine <1.5mg/dL or creatinine
clearance >50 mL/min; (vii) serum total bilirubin <1.5x upper limit of
normal and serum aspartate transaminase/alanine transaminase <2.5x
upper limit of normal; (viii) adequate hematologic reserve within
4 weeks of study enrollment, as defined by hemoglobin > 9 g/dL, pla-
telet (thrombocyte) count >100 k/pL, absolute neutrophil count
>1.0 k/pL, and subjects must not be transfusion dependent; (ix) pro-
vision of written informed consent; (x) subjects of reproductive
potential had to agree to use acceptable birth control methods.

Exclusion criteria included: (i) malignant disease other than that
being treated in this study; (ii) subjects who require the chronic use of
systemic corticosteroid therapy; (iii) subjects with impaired cardiac
function or clinically significant cardiac disease; (iv) subjects who have
undergone a major surgical procedure, other than for diagnosis, within
4 weeks prior to enrollment; (v) subjects with symptomatic, untreated,
or actively progressing central nervous system metastases; (vi) sub-
jects with history or presence of clinically relevant central nervous
system pathology; (vii) history of active or severe autoimmune disease
requiring immunosuppressive therapy; (viii) patients with ongoing or
active infection; (ix) patients with known bovine product allergy; (x)
patients with active hepatitis B, hepatitis C, or human immunodefi-
ciency virus infection; and (xi) receipt of prior CAR T or other
genetically modified T cell therapy.

Study design and dose escalation

Dose escalation was initiated in mPDAC patients. Patients received a
single infusion of BPX-601 GOCAR-T® cells, per the 3+3 dose-
escalation design, with the following dose levels. In the lead-in
cohort O, three patients received a single dose of BPX-601
(1.25x10° cells/kg) on day O following the Cy LD regimen (three
daily doses of cyclophosphamide 500 mg/m?* on days -5 to —3) and did
not receive rimiducid. Based on the favorable safety profile and early
clearance of BPX-601 T cells demonstrated in cohort 0O, a single dose of
rimiducid (0.4 mg/kg) on day 7 after BPX-601 cell infusion was added

to the investigational treatment regimen. Cohort 3 was the initial
starting cohort for cell-dose escalation with BPX-601 (1.25 x 10° cells/
kg) administered after Cy LD and followed with a single dose of rimi-
ducid (0.4 mg/kg) on day 7. Cohort 4 received an increased BPX-601 T
cell dose (2.5x10° cells/kg) administered after Cy LD and followed
with a single dose of rimiducid (0.4 mg/kg) on day 7. Cohort 5A
received an increased BPX-601 T cell dose (5.0 x 10° cells/kg) admi-
nistered after Cy LD and followed with a single dose of rimiducid
(0.4 mg/kg) on day 7. In cohort 5B, the LD regimen was changed to
cyclophosphamide plus fludarabine (Cy/Flu, three daily doses of
cyclophosphamide 500 mg/m? followed by Flu 30 mg/m? on days -5 to
-3) to increase BPX-601 cells’ engraftment and persistence. Cohort 5B
received 5.0 x 10° cells/kg BPX-601 T cells administered after Cy/Flu LD
and followed with a single dose of rimiducid (0.4 mg/kg) on day 7.
Cohort 5C received 5.0 x10° cells/kg BPX-601 T cells administered
after Cy/Flu LD and introduced weekly dosing of rimiducid (0.4 mg/kg)
starting on day 7. Additional cohorts were planned to explore rimi-
ducid at higher doses with a longer infusion time.

Enrollment of patients with mCRPC was initiated after patients
with mPDAC completed the safety evaluation period in cohort 5B and
initiated with the last safe dose determined safe in mPDAC, ie cohort
5B (5.0 x 10° cells/kg BPX-601 T cells administered after Cy/Flu LD, and
followed with a single dose of rimiducid (0.4 mg/kg) on day 7). After
three patients were evaluated for safety in mCRPC cohort 5B, cohort
5C enrollment was initiated, with 5.0 x 10° cells/kg BPX-601 T cells
administered after Flu/Cy LD, and weekly dosing of rimiducid (0.4 mg/
kg) started on day 7. The study was prematurely terminated after two
DLT were observed in mCRPC Cohort 5C. For the purposes of cohort-
specific safety analyses mPDAC and mCRPC were considered
separately.

Objectives and endpoints

The primary objective of the phase 1 portion of the study was to
determine the safety, tolerability, and MTD and/or recommended
phase 2 dose and schedule of BPX-601 and rimiducid. The maximum
tolerated dose was defined as the highest BPX-601 T cell dose level
and/or rimiducid dose and infusion duration at which <33% of subjects
experience a DLT during the DLT evaluation period. For this study, DLT
were defined as any of the following unless clearly due to disease
progression or extraneous causes: any treatment-emergent grades 4
or 5 CRS, any treatment-emergent grade 3 CRS that did not resolve to
grade <2 within 7 days, any grade >3 infusion reaction that did not
resolve within 7 days, any grade >3 organ toxicity (cardiac, dermato-
logic, gastrointestinal, hepatic, pulmonary, renal/genitourinary, neu-
rologic or autoimmune) not pre-existing or due to the underlying
malignancy that did not resolve to grade <2 within 7 days.

To assess the safety of BPX-601 and rimiducid in this study
population, AEs were graded using CTCAE v4.1 and ASTCT Consensus
Grading for Cytokine Release Syndrome and Neurologic Toxicity
Associated with Immune Effector Cells** and summarized descrip-
tively. Objective tumor treatment responses for patients with soft tis-
sue disease were scored by RECIST 1.1 criteria. Patients with mCRPC
with bone-only disease were evaluated for response by PCWG3 criteria.
Exploratory objectives included characterization of the pharmacody-
namics of BPX-601 T-cells administered with and without rimiducid
and exploration of the relationship between rimiducid PK and BPX-601
pharmacodynamic biomarkers. Due to the early termination of the
program, the exploratory objective to characterize immunogenicity
was not completed.

Specimen collection

Whole blood samples were collected at multiple protocol-mandated
times before and after infusion of BPX-601 cells for pharmacokinetic
and pharmacodynamic exploratory analyses.
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Archival or fresh pre-treatment tumor biopsies were collected
from mPDAC patients for PSCA expression testing prior to enrollment;
post-treatment biopsies were collected for pharmacodynamic ana-
lyses. Archival and fresh pre- and post-treatment biopsies were col-
lected from mCRPC patients for predictive and pharmacodynamic
biomarkers analyses. Nine on-treatment biopsies (from patients in
mPDAC cohort 5B [n = 3] and mCRPC cohorts 5B [n=2] and 5C [n = 4])
were collected after BPX-601 cell infusion and at least one rimiducid
infusion, as well as one end-of-treatment (mCRPC cohort 5B patient)
biopsy. Biopsies collected from bone metastases of four mCRPC
patients in cohort 5C did not contain tumor cells. Paired pre- and on-
treatment biopsies from three mPDAC and three mCRPC patients were
tested for pharmacodynamic exploratory analyses. PSCA protein
expression was not determined at the time of study closure due to the
lack of a reliable analytical method.

Quantitative PCR analyses of PSCA expression for enrollment in
mPDAC cohort
Formalin-fixed paraffin-embedded (FFPE) archival tumor samples were
collected for evaluation of PSCA mRNA expression for study eligibility;
when not available, a fresh pre-treatment tumor biopsy was required.
Samples were tested with qRT-PCR or at Molecular MD (Portland, OR)
with ddPCR. Total RNA was extracted using RNeasy FFPE Kit, or RNEasy
Mini Kit (Qiagen) using the Maxwell CSC instrument. qRT-PCR was
performed for PSCA and hACTB as control using specific primers. 10*
PSCA copies/10® hACTB copies was used as positivity threshold for
determination and inclusion into the BP-012 clinical trial. ddPCR was
performed using the QX200 ddPCR instrument (Bio-Rad) and the One-
Step RT-ddPCR Advanced Kit for Probes (Bio-Rad), in duplicate wells
with the reference gene IPOS, using 5 ng RNA/well. A minimum droplet
count of 9000 ensured data integrity. The PSCA/IPOS8 ratio of 0.024
was used as positivity threshold for determination and inclusion into
the BP-012 clinical trial.

PSCA forward primer: CAAAGCCCAGGTGAGCAA; PSCA reverse
primer: AGTCATCCACGCAGTTCAAG; PSCA probe: 56/FAM/
CCTCCTGAC/ZEN/CGTCATCAGCAAAGG/3IABKFQ.

Manufacturing and characteristics of CAR T cell products

Following confirmation of enrollment, 52 patients underwent apher-
esis. Apheresis products were shipped to a cleanroom facility
(Nebraska Medical Center’s Biologics Production Facility, Resilience
Texas, or Bellicum’s in-house facility) where manufacturing was per-
formed according to Phase 1IND current Good Manufacturing Practice
guidelines and FACT Common Standards for Cellular Therapies.
Incoming apheresis products were processed using either CD4/CD8-
positive selection to enrich for T lymphocytes followed by immediate
cell culture, or Ficoll density-gradient enrichment of mononuclear cell
content, followed by cryopreservation and subsequent thaw of ali-
quoted material to initiate cell culture. The cell culture was then acti-
vated using soluble anti-CD3 and anti-CD28 antibodies in the presence
of IL-7 and IL-15. Based on the target final cell dose, a portion of the
cultured cells was transduced on process day 4 with the CAR/iMC
gamma retrovirus construct in adherent bags (St. Gobain) using Ret-
roNectin as a transduction enhancer. Culture continued after trans-
duction until the target dose of CAR-positive cells was met, with a
target overall process length of 8 days and the possible extension to
11 days if the target dose was not met on day 8. Over 95% of batches
initiated reached the target cell dose by day 8, and one or two final
product doses were formulated and cryopreserved in each case. The
total manufacturing cycle time generally ranged from 24 to 30 days
without interruption. Manufacturing was initiated (defined as initiation
of cell culture) for a total of 51 subjects; manufacturing of 1 of the 52
aphereses performed was not initiated as it occurred just prior to study
termination. BPX-601 cells were successfully manufactured for 50 of 51
of these subjects (manufacturing success rate 98%). The one

manufacturing failure (1/51 or 2%) was contaminated in the cell culture
process before transduction with no additional aliquot of processed
apheresis material available; a second apheresis was not performed
due to program discontinuation. Thirty-three manufactured products
were infused to patients in this study; other manufactured products
were not infused due to duration and success of bridging therapy,
disease progression, and/or termination of the program.

Cell product release assays. Release testing of BPX-601 cell product
measured the quantity and activity of the BPX-601 GoCAR-T® cells and
included cell count, viability, percent positive CAR T cells, cytotoxicity,
and IL-2 production in co-cultures with PSCA-positive human pan-
creatic adenocarcinoma cell line (HPAC). PCR assays were performed
to ensure the lack of replication-competent retrovirus, and to quanti-
tate the vector copy number (VCN) of the integrated transgenes in the
BPX-601 cell product. To ensure microbial safety, mycoplasma by PCR,
endotoxin, and rapid sterility testing were performed.

Characteristics of cell products. In the infused mPDAC products, the
mean frequency of CAR-expressing T cells in infusion products was
45.2% (range 25.0%-67.0%), with amean VCN per transduced cell of 2.0
(range 1.2-2.6). Evaluation of cytotoxicity and IL-2 production of the
BPX-601 cells in mixed-cell assays showed 91.6% mean cytotoxicity
(range 84.7%-95.5%) and 5997 pg/mL IL-2 production (range
1642-13,372 pg/mL). In the infused mCRPC products, the mean fre-
quency of CAR-expressing T cells in infusion products was 50.8%
(range 30.0%-68.0%), with a mean VCN per transduced cell of 1.5
(range 0.9-2.6). Evaluation of cytotoxicity and IL-2 production of the
BPX-601 cells in mixed-cell assays showed a mean cytotoxicity of 91.5%
(range 80.9%-99.6%) and 6870 pg/mL (2850-12,200 pg/mL) IL-2
production.

Bridging therapy and toxicity management
For patients whose tumor burden was heavy or whose disease had the
potential to rapidly progress, according to the investigators’ discre-
tion, during the period of BPX-601 manufacturing, bridging che-
motherapy was permitted. Investigators were allowed to individualize
the regimen according to the patient’s previous antitumor therapy and
the patient’s clinical condition.

Tocilizumab, corticosteroids, or other immunosuppressive mea-
sures were administered according to the investigator’s discretion for
toxicity management.

Rimiducid pharmacokinetics

Whole blood samples for the determination of plasma levels of rimi-
ducid (AP1903) were collected at pre-dose, 1, 2, 4, 8, and 24 h after the
start of rimiducid infusion.

Rimiducid PK analyses were performed at KCAS Bioanalytical &
Biomarker Services (Olathe, KS). Rimiducid and internal standard were
released from the human plasma by protein precipitation using a 1:1
methanol/acetonitrile solution. Supernatant was chromatographed
using reversed-phase HPLC with a Zorbax SB-C8 analytical column.
Rimiducid and internal standard AP23510 were detected by monitor-
ing the precursor and product ions using an Applied Biosystems Sciex
API 6500 LC-MS/MS. The lower limit of quantitation was 1.00 ng/mL.

Sampling for rimiducid pharmacokinetics was required only in
cohorts 5B and 5C; measurement of rimiducid concentration in plasma
after the first rimiducid dose was performed using all available sam-
ples, obtained from 19 patients (11 patients with mPDAC and 8
with mCRPC).

Quantitative PCR analyses of BPX-601 expansion and
persistence (VCN)

Whole blood samples were collected and stored as is at =70 °C, or
peripheral blood mononuclear cells (PBMCs) were prepared using the
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Ficoll method and cryopreserved. VCN analyses were performed in
Bellicum Laboratories (Houston, TX) or at LabCorp (Greenfield, IN).
Genomic DNA (gDNA) was extracted from frozen whole blood or
PBMCs using the QIAamp DNA Blood Kit or DNA Blood and Tissue Kit
(Qiagen).

The standard curve for the transcript copy number was estab-
lished by the amplification of a 9-10 point standard curve consisting of
between 10 and 5x 107 copies of pBP0189 plasmid. The number of
transgene copies per microgram of gDNA was determined on a Step
One Plus Real-Time PCR system (Applied Biosystems) or a Quant Stu-
dio Flex Real-Time PCR system (Thermo Fisher Scientific). BPX-601
forward primer: GGCATCACCACACTTGATGAC; BPX-601 reverse pri-
mer: GCCTTATTGGTTGGCTTCTTG; BPX-601 probe: 5-6-FAM/
ATATGCCTG/ZEN/AGCGTTTCGATGCCT/IABKFQ-3'. Each data point
(sample, standard curve, positive and negative controls, quality con-
trols) was evaluated in triplicate. The limit of detection of this assay
was 10 copies/microgram of gDNA.

VCN was expressed per microgram of PBMC gDNA. To normalize
the transcript copy number obtained from whole blood samples to the
value from PBMC, VCN was measured from whole blood and PBMC
obtained from 12 blood collections from three patients, and a corre-
lation equation was derived with an R? of 0.9117. Copies of transgene
per pg gDNA in PBMCs were calculated according to the formula:
Copies of transgene per pg gDNA in PBMC = (copies of transgene per
1g gDNA in whole blood)/0.2824.

Serum cytokine profiling

Multiplex Luminex cytokines testing was performed in the Bellicum
Lab and KCAS Bioanalytical & Biomarker Services (Olathe, KS). Whole
blood samples were collected before and after BPX-601 or rimiducid
infusions, serum was prepared and samples were cryopreserved at
=70°C until analysis. For cytokine/chemokine measurements, the
serum samples were thawed and tested using 29-plex MILLIPLEX MAP
Human Cytokines/Chemokines MAG panel (Millipore) following the
manufacturer’s instructions. Data were collected with a Luminex 200
controlled by xPONENT version 4.2 or later and imported into MILLI-
PLEX Analyst version 5.1.1.0 or later for calculation of concentrations
and statistical analyses. The calibration curves were regressed using 5
parameter logistic curve fit.

Detection of BPX-601 CAR T cells and PSCA mRNA expression in
tissue by chromogenic in situ hybridization

RNAscope chromogenic in situ hybridization (CISH) and dual CISH/IHC
assays were performed at Advanced Cell Diagnostics (ACD; Newark,
CA). Five-micron FFPE sections were evaluated by RNAscope CISH for
the expression of the following RNAs using ACD probes as follows:
specific for BPX-601 retroviral GoCAR-T® cell vector construct
(mPDAC: single probe: 549188, mCRPC: pooled probes: 564508 and
1141668-C1), PSCA (820628), positive control PPIB (313908), and
negative control bacterial dapB (312038). CD3 was detected by IHC
(anti-CD3 rabbit antibody [Roche 790-4341] per manufacturer recom-
mendation (neat) or mouse antibody [LN-10, Leica CD3-565-L-CE]). The
RNAscope CISH assays were performed using the RNAscope 2.5 LSx
(ACD: 322750) Red Reagent Kit, and IHC was performed using Leica
BOND Refine Detection Kit and RNAscope 2.5 LS Green Accessory Pack
(Cat. No. 322550). Staining was performed on the Leica Biosystems
BOND RX platform according to the automated RNAscope and dual
RNAscope/IHC protocols optimized for use on the instrument. Stained
slides were reviewed by a pathologist, and percent positive and signal
intensity scores in the tumor were provided.

Statistical analysis

The sample size was based on clinical considerations and a modified
3+3 dose-escalation/de-escalation design. Descriptive statistics
include the number of cases, mean, median, standard deviation,

minimum and maximum values for continuous variables, and fre-
quency distributions for categorical variables. All TEAEs were cate-
gorized according to the ICH MedDRA codes version 25.1, graded
according to CTCAE version 4.1, and analyzed via frequency distribu-
tions, tables, or other descriptive indicators. The number and per-
centage of patients experiencing TEAEs were calculated based on
system organ classification, preferred term, and different groups.
Exact methods contain the Clopper-Pearson method with 95% Cls for
ORR and DCR.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

The study protocol is available in the Supplementary Information file.
All data reported in Article, Supplementary Information, and Source
data files are anonymized to respect the privacy of patients who par-
ticipated in the study, consistent with applicable laws and regulations.
Additional individual de-identified participant data and other datasets
generated and/or analyzed during the current study beyond the data
that was disclosed in the manuscript cannot be shared since they were
collected as part of a clinical trial and subject to patient confidentiality
as well as proprietary considerations. Source data are provided with
this paper.
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