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Central nervous system (CNS) tumors are the deadliest cancersin children,
highlighting the need for new therapies. The tumor-associated antigens
(TAAs) WT1, PRAME and survivin are widely expressed by these tumors, and
amanufacturing technique has been developed to target these intracellular
TAAs using autologous, nongenetically engineered T cells. Here we therefore
conducted ReMIND, an open-label, phase 1adaptive dose-finding study to
determine the safety/feasibility of autologous, systemically administered
trivalent T cells targeting WT1, PRAME and survivinin children with CNS
tumors. Eligible patients had newly diagnosed diffuse intrinsic pontine
glioma without lymphodepletion (arm A, n=16 enrolled, n =11infused)

and relapsed/recurrent nonbrainstem CNS malignancies without (arm B,
n=28enrolled, n =18 infused) or with (arm C, n =7 enrolled, n = 4 infused)
lymphodepletion. Primary end points were safety, feasibility and maximum
tolerated dose determination; secondary end pointsincluded preliminary
efficacy and immunobiological correlates, including in vivo TAA-T
persistence and systemic immune activation. Dose level 3 (8 x 107 cells

per m? per dose) was determined as the maximum tolerated dose. Treatment
was well tolerated with fatigue and headache being the most common
adverse events, although two possibly related serious adverse events

of tumor swelling occurred. One grade 5 event in a patient with diffuse
intrinsic pontine glioma with hydrocephalus, tumor edema and respiratory
failure was categorized as a dose-limiting toxicity. Median overall survival
for arm A was 13.7 months from diagnosis (range, 6.2-32.0) and median
progression-free survival for arms B/C was 5.0 months frominfusion

(range, 0.5-51.6). Three patients in arms B/C are alive without disease at 31.8,
41.2 and 51.6 months without further treatment, including one complete
response. This trial met safety/feasibility primary end points with some
preliminary signals of efficacy. ClinicalTrials.gov registration: NCT03652545.
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Central nervous system (CNS) tumors are the most common, and dead-
liest, cancersin children'. Diffuse intrinsic pontine glioma (DIPG) isan
aggressive tumor thatarises inthe brainstemand comprises 10-20% of
pediatric brain tumors®with apoor prognosis and amedian overall sur-
vival (OS) of 11 months**. Recurrent CNS cancers are likewise typically
incurable with significant treatment-related morbidity’ highlighting
the need for new therapeutic approaches.

T cell therapies have shown potential against viral infections
and hematological malignancies®, but are thus far less effective in
solid tumors, although some encouraging results have been recently
published”®. The polyclonal nature of multi-antigen-specific T cells’
may help overcome some potential obstacles, such as intratumoral
heterogeneity. Our group has previously shown that tumor-associated
antigen T (TAA-T) cells can safely induce prolonged disease stabiliza-
tion in nonCNS pediatric solid tumors', and peripherally infused
chimeric antigen receptor (CAR)-T cells have been shown to cross
the blood-brain barrier in high-grade glioma (HGG)"""%. Further,
WTI, PRAME and survivin are widely expressed across pediatric brain
tumors” . We therefore evaluated, in a phase 1 dose-escalation trial
(NCT03652545), the safety and feasibility of intravenous infusion
of multi-antigen-specific T cells targeting these tumor-associated
antigens (TAAs) in children with newly diagnosed DIPG or recurrent
brain tumors. The study met its primary end points, and as second-
ary end points, clinical responses were observed, including a durable
complete remission.

Results

Study design, end points and patient characteristics

Pediatric and young adult patients with CNS malignancies were
enrolled in a phase 1adaptive dose-finding study entitled ‘Research
on Multi-antigen T cell Infusion Against Neuro-oncologic Disease
(ReMIND)’ from 18 September 2018 to 18 July 2024. The primary end
points of the ReMIND trial were the safety and feasibility of intrave-
nously administered TAA-T therapy and determination of the maximum
tolerated dose (MTD). Pre-specified secondary end points included
preliminary clinical efficacy, assessed by objective tumor response,
progression-free survival (PFS) and OS, as well as in vivo persistence
of infused TAA-T cells and systemic immune activation (circulating
cytokine and lymphocyte profiles); correlation of clinical outcomes
withimmune parameters; evaluation of droplet digital PCR for detec-
tion of peripheral markers of disease; and characterization of manu-
factured TAA-T products (assessment of antigen specificity, in vitro
activity and comparison with tumor antigen expression in patient
samples). Immune correlative analyses were intended to be explora-
tory.Some of these correlates, particularly lymphocyte phenotyping,
PCR-based peripheral disease monitoring, and comparative analyses
of TAA-T product specificity relative to tumor antigen expression, are
notreported in this paper.

Key eligibility requirements included age 6 months to 80 years,
newly diagnosed radiographic DIPG (arm A) or relapsed/refractory/
recurrent nonbrainstem high-grade CNS malignancy (arms B/C).
Patients were required to have completed standard upfront therapy,
to have adequate functional status (performance score >60) and base-
line organ function, and to have met protocol-defined washout periods
with anticipated steroid use of <0.4 mg kg™ day™ at the time of T cell
infusion. In October 2022, a protocol amendment further required
patients enrolled on arm A to receive their first TAA-T infusion within
5 months of initiating standard radiotherapy given the risk of early
disease progression. Patients enrolled onarms B/C could not have evi-
dence of uncal herniation or significant midline shift, nor asubstantial
brainstem disease component.

A total of 33 patients were infused intravenously with an auto-
logous T cell product at three dose levels (DLs): 2 x 107 cells per m*per
dose (DL1),4 x 107 cells per m? per dose (DL2) and 8 x 107 cells per m? per
dose (DL3) (Fig.1a,b). Blood for TAA-T cell manufacture was collected

viavenipuncture. Arms A and Bwere dose-finding and did notinclude
pre-infusion lymphodepleting conditioning, whereas arm Cwas added
as an expansion at the confirmed arm B MTD and included fludara-
bine/cyclophosphamide lymphodepletion before the first infusion.
TAA-T cells were manufactured by culturing antigen-presenting cells
(APCs) with peptide libraries spanning the tumor-associated proteins
WT1, PRAME and survivin; autologous T cells were then co-cultured
with the peptide-loaded APCs, and the final TAA-T products were
assessed for phenotype by flow cytometry and specificity by inter-
feron (IFN)y ELISpot.

Overall, 16 patients with DIPG were enrolled on arm A, and 11 of
these patients wereinfused amedian of 3.5months (range, 1.1-4.3) after
radiotherapy and 5.6 months (range, 3.0-9.3) from diagnosis (Fig. 1a
and Table1).Seveninfused participants did not undergo biopsy, includ-
ing one radiation-induced DIPG. Among the four participants who
underwentbiopsy (P11, P13, P27 and P38), molecular profiling indicated
H3K27M mutationsin H3F3Ain all, TP53 mutationin three (P13, P27 and
P38) and asingle occurrence of PTPRZ1-MET fusion (P11). Five patients
were not infused due to insufficient TAA-T expansion for clinical use
(n=1), out-of-specification release testing result (n =1), withdrawal
of consent (n =1), ineligibility (n =1) and death (n =1). Of the patients
enrolled on arm A who received TAA-T infusions, the median age was
5.5years (range, 2-14) with four male and seven female participants.

A total of 28 patients with relapsed, refractory or recurrent
high-risk nonbrainstem CNS malignancies were enrolled on arm B,
and 18 of these patients were infused (Fig.1a and Table 1). Two patients
werenot procured duetoineligibility, and eight procured patients were
notinfused due to insufficient TAA-T expansion (n = 6) or ineligibility
(n=2).0fthearm B patients who received TAA-T infusions, the median
agewas13years (range, 3-31) with ten male and eight female patients.
Diagnosesincluded HGG (n =7), medulloblastoma (MB; n = 6), epend-
ymoma (EPN; n =4) and pineoblastoma (PB; n =1).In this cohort, 72.2%
(n=13) had metastatic disease. Patients had amedian of two previous
relapses/recurrences (range 0-4), and amedian of six previous therapy
courses for their disease (range 1-17).

Seven patients were enrolled on arm C, and four of these patients
were infused (Fig. 1a and Table 1). Three patients were not infused
due to insufficient TAA-T expansion for assigned DL (n =2) and death
(n=1). Of the infused patients, the median age was 13.5 years (range
8-17), with two male and two female patients. Diagnoses included
HGG (n=2), MB (n=1) and astroblastoma (AB; n=1); 50% (n=2) had
metastatic disease.

Each patient’s specific diagnosis, molecular/disease character-
istics (if known), age at diagnosis, age at enrollment, number/type of
previoustreatments, and number of previous relapses canbe foundin
Table 2. Dueto the limited sample size inarm C precluding meaningful
inter-arm comparisons, and as arms Band Cincluded the same recur-
rent/relapsed nonbrainstem CNS tumor patient population, these two
arms were combined for all pooled analyses.

TAA-T cell product characteristics and manufacturing
feasibility

Of 48 patients who were procured, 41(85.4%) had autologous TAA-T cell
products manufactured at DL1 or higher for infusion (Fig. 1a). Nine
(18.8%) required dose reassignment to alower dose level due to inade-
quateinitial yield, prompting optimization of procurement and manu-
facturing methodologies (Methods, Manufacture of TAA-T products).
Aspartof these changes, the median starting blood collection volume
was 110 ml for the first 41.7% of procured participants and 200 ml for
the remaining patients. Afterimplementation of all procurement and
manufacturing modifications, 100% (n = 14) of subsequently procured
patients met DL1 or above for at least one infusion, without repeat
manufacturing attempts. To assess the feasibility of supporting mul-
tiple infusions, we then evaluated the number of doses available at
DL1 per manufacturing run before (n = 44) and after (n =14) these
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Fig. 1| Clinical trial overview. a, Patients enrolled and treated on ReMIND as
shown by a Consolidated Standards of Reporting Trials (CONSORT) diagram.
‘Procured’ refers to completion of blood collection for TAA-T product
manufacturing. ‘TAA-T products generated’ refers to the number of patients
for which a final TAA-T product meeting criteria for clinical administration

was available. ‘Manufacturing failure’ is defined here as failure to manufacture
sufficient TAA-T cells to at least meet DL1 or products with out-of-specification
(00S) release testing results. All 33 patients infused were evaluable for DLT
analysis. b, DLs used for dose escalation, assigned as per mCRM, independently
inarms Aand B. Not applicable to arm C, which only studied a single dose level
determined by arm B’s MTD. Participants receiving subsequent infusion cycles
were assigned to the same dose level, when feasible (no intra-patient dose
escalation). F/U, follow-up; LD, lymphodepleting chemotherapy; LTFU, long-

TAA-T dose availability before and after
protocol & manufacturing changes
* %

64 —
56 |
48 —
40 -

32 —

No. of doses
available at DL1

24 —|

I
Pre Post

term follow-up through final study visit (day 365 after final infusion of TAA-T).

¢, Each point represents the outcome of an individual manufacturing run. For
some participants, more than one run was completed; therefore, although 48
patients underwent procurement, 58 manufacturing runs are represented.
Violin plots depict distributions, with dashed horizontal lines indicating the
medians and horizontal dotted lines indicating the upper and lower quartiles.
Statistical comparisons were performed using a two-sided Mann-Whitney U-test
between the number (no.) of doses produced at DL1 before (pre) and after (post)
clinical protocol and manufacturing modifications. The median number of
doses produced at DL1was 3.8 (n = 44 runs) pre-modifications versus 11.0 (n =14
runs) post-modifications (P = 0.0099; Hodges-Lehmann estimate of median
difference = 6.2; U=168; 95.21% Cl of difference 1.0-11.2). **P < 0.01.

modifications. The median number of available doses increased sig-
nificantly after modifications from3.8t011.0 (P < 0.01; Fig.1c). Of these
latter 14 manufacturing runs, 71.4% (n = 10) resulted in at least one full
dose available at DL3.

TAA-T cell products were primarily comprised of CD3" T cells
with a mean of 92.4% and median of 96.9% (range, 31.3-99.6%)
(Extended Data Fig. 1a-g). We observed heterogenous reactivity
to TAA peptides across manufactured TAA-T cell infusion products
(Extended Data Fig.1h,i), and product specificity was determined based
onIFNyELISpot as described in Methods (Supplementary Table1).

Treatment details, safety profile and toxicities

The median number of infusions was two for both arm A (range, 1-5)
and arm B (range, 1-4), with three arm B patients receiving four infu-
sions. Arm C patients received a median of 2.5 infusions (range, 1-6;
Extended Data Tables1and 2). Inarm A, 54.5% (n = 6) of patients dis-
continued treatment due to clinical and/or radiographic progression,
9% (n=1) due to performance status beneath the inclusion criterion
threshold, and 36.4% (n = 4) due to depletion of all TAA-T products.
Inarms B and C, 50% (n =11) of patients first discontinued treatment
dueto depletion of TAA-T product, 45.5% (n =10) due to clinical and/or
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Table 1| Summary of patients enrolled and infused by arm

Arm Characteristic

Enrolled patients

Treated patients

No. of patients enrolled/infused 16 n

Median age, years (range) 5.5(2-14) 6 (2-14)
Sex, %(n)

Male/female 31(5) /69 (11) 36(4)/64(7)
Diagnosis, %(n)

DIPG 100 (16) 100 (11)
Histopathologic or molecular - 36 (4)
confirmation of DMG

Median months from diagnosisto ~ N/A 5.6 (3.0-9.3)
infusion (range)

Median months from end of XRTto  N/A 3.5(11-4.3)
infusion (range)

No. of patients enrolled/infused 28 18

Median age, years (range) 13.5 (3-31) 13 (3-31)
Sex, %(n)

Male/female 571(16)/42.9(12)  55.6 (10)/ 44.4(8)
Diagnosis, %(n)

HGG 46.4(13) 38.9(7)

MB 28.6(8) 33.3(6)
EPN 21.4 (6) 22.2(4)

PB 3.6(1) 5.6 (1)
Disease characteristics

Metastasis, %(n) - 72.2 (13)
Median no. of previous treatments - 6 (1-17)
(range)

Median no. of previous relapses/ - 2(0-4)
recurrences (range)

No. of patients enrolled/infused 7 4

Median age, years (range) 13 (8-17) 13.5(8-17)
Sex, % (n)

Male/female 42.9(3)/571(4) 50(2)/50 (2)
Diagnosis, %(n)

HGG 429 (3) 50 (2)

MB 28.6(2) 25(1)

EPN 14.3(1) 0(0)

AB 14.3(1) 25(1)
Disease characteristics

Metastasis, %(n) - 50(2)
Median no. of previous treatments - 5.5(2-9)
(range)

Median no. of previous relapses/ - 0.5 (0-4)

recurrences (range)

radiographic progressionand 4.5% (n =1) due to withdrawal of consent
(Supplementary Table 2).

Safety was assessed according to the National Cancer Institute
(NCI) Common Terminology Criteria for Adverse Events (CTCAE),
v.5.0. Treatment was generally well tolerated in all arms, with 88%
(293 of 332) of all adverse events (AEs) being low grade. Arms A and B
independently dose-escalated to the same modified continual reas-
sessment (MCRM)-estimated MTD and recommended phase 2 dose
(RP2D): DL3. The most common treatment-emergent AEs (TEAEs),
irrespective of attribution, included fatigue, headache and vomiting,
withsome differencesinfrequency betweenarms.InarmA, 72.7% (8 of
11) of participants experienced headache (gradel,n=7;grade2,n=1)

and 45.5% (5 of 11) experienced nausea/vomiting or fatigue/lethargy
(for both, grade1,n=3;grade2,n=1;grade3,n=1).InarmsBand C,
fatigue/lethargy (50.0%, 11 of 22 participants; grade1,n=10; grade 2,
n=1) and headache (31.8%, 7 of 22 participants; grade 1, n = 6; grade
3, n=1) were most frequent (Fig. 2a,b). Arms B and C had similar AE
profiles, except for transient, grade 3 cytopenias, which were seen in
100% (four of four) of patientsinarm C. These were expected, owing to
lymphodepleting conditioning and were thus excluded from combined
safety analyses.

Across the study, grade >3 TEAEs at least possibly related to
TAA-T therapy occurred in 9% of patients (n=3). In arm A, these
included brainstem edema, hydrocephalus and respiratory failure
(all associated with patient P27). In arms B and C, grade >3 ataxia,
muscle weakness lower limb, memory impairment, headache and
cerebraledemawere observed (associated with patients PO2 and P42)
(Extended Data Table 3). Two of these events were classified as serious
AEs (SAEs). One SAE, agrade Seventinarm Aat DL2, was considered a
dose-limiting toxicity (DLT). No additional DLTs occurred in any arm.

The DLT was observed in a patient with DIPG (P27), who had a
pre-infusion tumor area of 2,585 mm?and was infused 5.7 months from
diagnosis. This patient developed hydrocephalus, tumor edema and
respiratory distress 10 days after TAA-T infusion and did not improve
despite placement of aventriculoperitoneal shunt andincreased steroid
dose (4 mg dexamethasone bolus ondays1and 3 of admission, in addi-
tion to pre-existing maintenance dose of 1.5 mg day™). Imaging was con-
sistent with progressive disease (PD). Nonetheless, this patient’s death
prompted apause inaccrual, and treatment eligibility was amended to
require neurological stability for at least 2 weeks (previously 1 week)
with a shorter timeline between radiation and first infusion to ensure
TAA-T administration preceded the typical window for disease progres-
sion. Following P27’s DLT, two additional patients were treated onarm
AatDL2, and three additional patients at DL3, all without DLT.

One patient with progressive thalamic diffuse midline glioma
(DMG), who had a pre-infusion tumor area of 3,496 mm?was treated in
armBatDL1and experienced agrade 3 SAE16 days post-infusion (P42).
This SAE consisted of MRI-documented cerebraledemaaccompanied
by grade 3 headache, grade 1 vomiting, new-onset photophobia and
tremor. Subsequent clinical worsening prompted treatment with
bevacizumab, upon which, these events returned to baseline.

Retrospectively, all infused participants were evaluated for
cytokine release syndrome (CRS) using the American Society for
Transplantation and Cellular Therapy (ASTCT) consensus criteria.
One participant had a temperature of 38.1°C on day 6 post-infusion,
with normalblood pressure and oxygen saturation, and no other AEs;
this was coded as grade 1 CRS. Two other participants were febrile
(=38 °C), but were not classified as experiencing CRS, as their fevers
had infectious or post-surgical etiologies.

Clinical responses

Inarm A (DIPG), median PFS from time of diagnosis was 10.5 months
(range, 6.2-19.5), and median OS from time of diagnosis was 13.7
months (range, 6.2-32.0), with no significant differences between
DLs (Fig.3a-c). Among the ten patients evaluable for objective radio-
graphicresponse, best response post-infusion was stable disease (SD)
in 60% (n = 6; two of whom had radiographic features consistent with
pseudoprogression onthe date of best response) and PDin40% (n=4;
Extended Data Table1).

Inarms B/C, given the heterogeneity within the relapsed-refrac-
tory patient population, time zero for survival calculations was defined
fromthe first TAA-T infusion, rather than diagnosis. Given these differ-
ingtime origins, OS estimates are not directly comparable witharmA.
Arm B/C median PFS was 5.0 months (range, 0.5-51.6), and median OS
post-TAA-Tinfusion was12.7 months (range, 6.3-61.1) (Fig. 4a-c). Ten
patients were evaluable for objective radiographic response, includ-
ing patients with HGG (n = 4; pediatric glioblastoman=1,DMGn =3),

Nature Medicine


http://www.nature.com/naturemedicine

//doi.org/10.1038/s41591-026-04449-9

https

Article

Asdoiq
0 (6] L l 14 14 Ou ‘sjle1ep Jayunj ON « Aun 0Gd
Asdoiq
0 (6] L l 9 9 Ou ‘sjlelep Jayuny ON « Aun 8vd
AoueubBiew Alepuooss
paonpul-uonelpes
pawnsa.d ‘uolelpels
pue Aisbins /m
peieal) ewolb
0 l 4 € vl vl -UAleydoluesd JO XH « qun 9vd
Asdolq
0 0 L l L L Ou ‘s]le1ap Jayun) ON « qun Sid
NW-gGd1
0 0 0 0 0 L l v/N 9 9 (VEJEH) INW-NLTIEH * ONa odIa 8¢d v
NW-gGd1
0 0 L l 14 v (VE4EH) INW-INLTHEH » ONa Lcd
Asdoiq
0 0 L l S S ou ‘sjle1op Jayunj ON « qun zzd
Asdoiq
0 (6] L l S S Ou ‘s]le18p Jayun) ON « qun vld
NW-gGd1
3 (6] L 4 9 9 (Ve4EeH) INW-NLTNEH * ONd €ld
uoisny 13N-LZdd1d
0 (6] L l 8 8  (VE4EH) INW-NLZIEH * ONd Lld
Asdoiq
0 (6] L l 4 4 Ou ‘s]Ie1dp Jayuny ON « Aun Old
(1
‘porebiey) $981N00 syusweas suswiBai suonoasal $951N02 Sadualindal
Y0  qewnzioenag Adesayrounwiw] Adessyrowsyn jeolbing  uopeipey  Siusunean /sesdejeu (s1e24) (sie2h)
snoinaad snoinaid sisoubeip juawijolud sonsuab/ABojona 1o/pue
Anepouw Aq ‘sjusuneas 9160100u0 snoinaid Jo JaquinN 1e101 Jo "'ON J0'ON 1eaby 1896y sonsiIaloeIRYD 3seasiq adAigns sisoubeiq alwuened wiy

sjuedionted pasnjul jo sonsiiaoeeyd | g ajgeL

Nature Medicine


http://www.nature.com/naturemedicine

//doi.org/10.1038/s41591-026-04449-9

https

Article

L 4 L 0o L 4 L 4 €l vl dlwejeyl « INW-NLEHEH « ONa O9H cvd
(q/sinwi 1) gL mO) “e]qers
-GN SNIE}S 9}]]9IBSOIDIIA *
paydwe-y3ao
L (6] (o] L L L 14 L vl 7L INW-EGd1 INW-HA| ‘WM-EH « ngod O9H 9¢d
1ussaud eisejdeue Hsu
abeiane \| apeib OHM *
45D annisod
4 € L 9 © 4 A € L vl 4O Xy ‘g pasdejai-aldmniy - qun an Sged
Aunioe Jesjonu yyOUVING
pue (£y74v8) LIN| paulelas
‘uisAydoideuAs 10} 8AnISOd «
L (6] (o] 4 L L S L 6 ¥l Al@peid OHM “Jownljeaduld « V/N ad 7€d
Anewuouge by | swoiyoosi
L L 0 C L C L L 6 vl ‘ABojoISIy OIsse|) - Aldnoi9 an led
(6] (6] (o] 4 4 L S L 6 Ol  payndwe-NOAWN INW-gGd1 « HHS an 0ed
g L L € 4 4 vl 14 ol LE  SlgE]leAe s|Ie1Sp JSYLINS ON -« HHS an 8¢d
INW-Y4OT « |l
opelb OHM ‘ewolAooIse
0 0 0 0 0 L L 0 L L Bunenyui onsedeuy - Wgod 99H 9zd
450 aAneBau yum ‘payndwe
(6] (6] (6] 4 L L 14 [4 L cl -NOAW ‘@A onhseldeuy - Aldnoig an ged
Nd3 onsejdeue uoisny
(0] (0] (0] lh 4 4 S 4 cl 145 Ol1BISBISW JUS.INO3Y « V13d Nd3 €ad
(QIN/sINW G) GINL 21eIoPOIA «
$S0) ;|
X¥ 1V qussqe uonejAylew
Jaj0woud | NOW INW-£Gd L
(] (6] (] 0o L L 4 (0] 6l 6L IM-HA| ‘INW-NLZIEH * ONa OOH 0c¢d
ewowApuads onsejdeue uolsny
L 0 (o} [4 14 [4 6 € 9 6 Olieiselsw Juslinoay « V13d Nd3 6ld
onsejdowsap INM-uou
L 0 (6] € [4 4 8 14 S L Jejnpou ‘ewolse|qo)npaiA « ‘HHS-uou an 8ld
Suo|Isa) 1eo8Y eI
aidmnw yum jeurds «
(] (] (] L L 4 L 6 6 INW-NLEHEH » ONa OOH cld
2¥3H 104 ennebau 24193
10} 1B00AINDS ‘EGd L LY1dS
‘18¥ OHSIN XYLV ‘13
‘N3Ld ‘LN 104 SAIISO *
(q/s1nwi GZ) GNL YBIH -
BWOIPUAS YOUAT pawijuo) «
[4 4 L @ € @ cl 14 Sl 8l INW-Gd1 ‘M-HA| M-EH » wgod O9H 60d
$80] dVLIA ‘SSO] VZNYAD
‘paynduwe-zgyo ‘payidwe
-LIX ‘pahidwie-yy49ad «
AoueuBiew Alepuooes
paonpul-uolielpel pawnsaid
(] (] 0 € € € 6 € L L ‘Nd3 ess0} J0142150d JO XH + wgod OOH 80d
ewowApuads uoisny
0 (] 0 L “ L 14 C € € onsejdeue ||| opeio « V13 Nd3 70d
ewowApuada
(6] (6] (6] € € € 6 € L oL BSS0} J0LISISOd « Aun Nd3 ¢0d
((1t]
‘porobiey) s9s1n00 sjuswiessy suswiBal suonoasal $951N02 SRR
JBYI0  qewnzioenag Adessyrounwiw) Adessyrowayn jeolbing  uopeipey  Susunean /sesdejou (s1e24) (s1e2h)
snoinaad snoinaid sisoubeip juawijolud sonauab/ABojons Jo/pue
Ainepouw Aq ‘syuswieas 216010ouo snoinaid Jo JaquinN 1e101 jo 'ON jJo°'oN 1e9by 1e by sonsuvoeIBYD 9seasiq adAiqng sisoubeiq dlwsned wiy

sjuedionsed pasnyul jo sonsualoeIRY) | (PONURIU0D) g 91gel

ICine

Nature Med


http://www.nature.com/naturemedicine

Article https://doi.org/10.1038/s41591-026-04449-9

EPN (n=4) and MB (n =2). Best response was SD in 50% (n = 5; two of
whom had radiographic features consistent with pseudoprogres-
sion) and PD in 50% (n = 5). The median percent change in tumor area
from baseline to best response was 10% (range, -93% to +91%; Fig. 4d
and Extended Data Table 2). Among those with a best response of
SD, four (80%) had a PFS of 5 months or longer (EPNn=1,MBn=2,
HGG n =1). One participant categorized as SD (P37) achieved a >90%
lesion reduction; however, clinical deterioration occurred before
confirmatory imaging could be obtained. Among patients with meas-
urable disease, the patient with the smallest baseline tumor area (P25;
100 mm?), diagnosed with subgroup 4 MYC-amplified MB, had an OS
of 3.5 years post-infusion.

Five patients with evidence of nonmeasurable disease at baseline
~ o o |o were evaluable for nontarget response, including patients with HGG
(n=2;pediatricglioblastoman=1,DMGn=1),MB(n=2)andAB(n=1),
with best responses of complete response (CR; n=1),SD (n=3) and
PD (n=1). Among patients with nonmeasurable and evaluable dis-
ease, one (P31) remains alive more than 4 years post-infusion despite
PD, and another (P41) remains alive more than 3 years post-infusion
with continued radiographic CR (Fig. 4a,d,e, Extended Data Table 2
and Supplementary Fig. 1). Similarly, three of seven patients who had
nonmeasurable nonevaluable disease pre-infusion survived 5 years
post-infusion (P0O9) or remain alive without evidence of disease recur-
rence at over 2 and 4 years post-infusion (P35 and P36, respectively).

Brief clinical vignettes are provided for P41to contextualize their
radiographic CR, as well as for P35 and P36 to contextualize their pro-
longed, continued disease stability post-TAA-T therapy. Participant
P41 enrolled on study as an 8-year-old child with an EWSR1-BEND2
rearranged ABinvolving the third ventricle. Upfront therapy consisted
of resection and focal radiation. Atrecurrence, the patient completed
re-irradiation approximately 7 months before the first TAA-T infusion,
followed by several cycles of low-dose chemotherapy completed 2
months before infusion. Onbaseline pre-infusion MRI, third-ventricular
disease was present (T1-weighted post-contrast and T2-FLAIR images;
Fig.4e and Supplementary Fig. 1a), although the proportion of viable
tumor was difficult to definitively confirm (Supplementary Fig. 1b).

Participant P35 enrolled on study as a14 year-old child with multi-
ply relapsed World Health Organization (WHO) grade IV MB with ana-
plasticfeatures, diagnosed at age 7 years and having experienced three
previous recurrences. Before enrollment, the patient had received 17
distinct disease-directed therapies, including two courses of radio-
therapy, three surgical resections, six chemotherapy regimens, multi-
ple courses of bevacizumab and previous immunotherapy. Following
completion of TAA-T therapy, the patient entered a prolonged period
ofradiographic stability while off all additional antitumor treatments.

Participant P36 enrolled on study as a 14 year-old child withrecur-
rent pediatric glioblastoma (WHO grade IV; H3-wild-type, IDH-mutant,
CDK4-amplified, low tumor mutational burden) that progressed follow-
ing standard chemoradiation and investigational PARP inhibitor-based
therapy. The patient experienced radiographic progression approxi-
mately 3 months before TAA-T infusion and underwent repeat surgical
resection followed by temozolomide. During active TAA-T therapy, the
patient did not receive any disease-directed concomitant therapies
but began a few months of CDK4/6 inhibitor therapy following the
final TAA-T cell infusion.

(targeted,

Other
RIT)

Bevacizumab
courses

Immunotherapy

treatments

Chemotherapy

Number of previous oncologic treatments, by modality
regimens

Surgical
resections

Radiation
courses

No. of total

previous
treatments

No. of
previous
relapses/
recurrences

Age at
diagnosis
(years)

14

Age at
enrollment
(years)
13

7

grade IV « MYCN-amplified
TP53-mut, MGMT promoter

methylation absent,
CDK4-amplified

« Spinal
rearrangement

and/or etiology/genetics
dissemination

Disease characteristics
« Classic variant, WHO
« H3K27M-mut, IDH-wt,
« EWSR1-BEND2

« H3K27M-mut

« Thalamic with spinal

non-SHH,

non-WNT
G

N/A

DMG

Subtype
DM

Exploratory immunobiological correlates

We performed T cell receptor (TCR) profiling to assess TAA-T cell persis-
tence by longitudinally tracking product-derived clonesin 3 of 11infused
patientsinarm A, 12 of 18 patients in arm B, and 3 of 4 patients in arm
C. Product-derived clonotypes were detectable post-infusion, and in
several patients, dominant clones from the TAA-T cellinfusion product
persistedin blood up until the collection time point most proximate to
confirmed disease progression. Evidence of clonal dynamics was appar-
ent in some patients; the most common pattern detected was clonal

Diagnosis
MB

HGG

AB

HGG

Patient ID
P37
P39
P41
P44

Arm

Hx, history; pGBM, pediatric glioblastoma; RIT, radio-immunotherapy; TMB, tumor mutational burden; Unk, Unknown; CSF, cerebrospinal fluid; N/A, not applicable.

Table 2 (continued) | Characteristics of infused participants
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Arm A treatment-emergent AEs

Headache
Nausea/vomiting [ 45.5%
Fatigue/lethargy - [0 45.5%
Paininextremity ] 36.4%
Abdominal pain [ 36.4%
Nasal congestion/rhinorrhea 4— 1] 27.3%
Cough "7 27.3%
Anemia | [T 27.3%
Respiratory failure {1 18.2%
Maculopapular rash ] 18.2%
Lymphocyte count decreased -] 18.2%
Lymphadenopathy {— ] 18.2%
Dyspnea -] 18.2%
Dysarthria {00 18.2%
Dry skin ] 18.2%
Constipation {1 18.2%
Agitation I 18.2%
Abdominal distension 1 18.2%

T T T T T
0 2 4 6 8 10

No. of patients experiencing AE

[ 72.7%

[mRe]
W G2
[Rek]
I G4
[ Jel]

Fig. 2| Adverse event profile of TAA-T infusions. a,b, TEAEs, defined as new

or worsening events following TAA-T infusion, irrespective of investigator
attribution to TAA-T therapy, that occurred in 210% of patients for a given stratum
areshown for arm A (a) and arms B/C (b). Each bar represents the number of
patients who experienced the given AE shown as CTCAE preferred term; however,
for nausea/vomiting, rhinorrhea/nasal congestion and fatigue/lethargy, terms

b Arms B/C treatment-emergent AEs
Fatigue/lethargy ] 50.0% [mRel
Headache I 31.8% M G2
Sinus tachycardia {__ [0 27.3% I 3
Nausea/vomiting | [0 27.3%
Constipation 4TI 27.3%
Pain in extremity 4 |1 22.7%
Fall . T 22.7%
Dizziness ] 22.7%
Anorexia 4] 18.2%
Anemia [0 18.2%
Urinary incontinence |1 13.6%
Upper respiratory infection 4 1] 13.6%
Muscle weakness lower limb - [0 13.6%
Maculopapular rash 4 7] 13.6%
Back pain {1 13.6%
Ataxia {1 13.6%
O 2 4 6 8 0 12 1w W W 20 2

No. of patients experiencing AE

were grouped on the y axis for clarity. Bars are stacked by maximum CTCAE grade
experienced per patient for the given term. Percentages refer to the proportion
of treated patients within each arm who experienced the respective AE and the
xaxisis alsoscaled to the total number of patients treated in each group (n =11
forarm A; n=22forarmsB/C).

expansion in week 2 post-infusion, followed by contraction at week
4 post-infusion (Extended Data Fig. 2 and Supplementary Figs. 2-4).
Global TCRrepertoire in peripheral blood was evaluated using Simp-
son clonality in13 of 18 patients in arm B, and 4 of 4 patients in arm C.
This metric also demonstrated transient clonal expansion in week 2
post-infusion (from baseline/pre-infusion for arm B and from week
1post-infusion for arm C), followed by clonal contraction at week 4
post-infusion in a subset of patients (Extended Data Fig. 2g), though
this metric is not specific to product-derived clonotypes. Together,
these datamayreflect dynamicbiological activity of T cells post-infusion.

We next evaluated systemic immune activation by measuring
IL-6, IL-8 (also known as CXCL8), CCL2 (also known as MCP1) and
CXCL10 (also known as IP-10) plasma concentrations in blood sam-
ples collected at baseline (pre-infusion), weeks 1,2 and 4 post-infusion
and also from a sample proximate to confirmed disease progres-
sion (Extended Data Fig. 3a-h). We first examined these cytokines/
chemokines across all treated patients by arm, accounting for
inter-participant variability by analyzing longitudinal concentrations
as log,-transformed fold change relative to each participant’s own
pre-infusion baseline. Across patients, plasma IL-6 and IL-8 log, fold
changes were significantly increased at weeks 1through 4 post-infusion
(P<0.05; Extended DataFig. 4a-d). Althoughindividual kinetics varied,
inarm A, among patients demonstrating increases relative to base-
line (n =8), peak IL-6 and IL-8 log, fold changes occurred at a median
of 2 and 3 weeks post-infusion, respectively. Similarly, among arm
B/C patients with such increases (n = 21 for IL-6 and n =19 for IL-8),
peak fold changes occurred at a median of 2 weeks post-infusion. A
transient, significantincrease in CCL2 at week 2 was demonstrated in
arms B/C (day 14, P< 0.05; Extended Data Fig. 4e; though not arm A;
Supplementary Fig. 5a), and there were no changes in CXCL10 in any
arm (Supplementary Fig. 5b). Taken as a whole, these data indicate a
systemic inflammatory response without evidence of IFN-associated
chemokine induction.

Nosignificant differences were observed between arm A and arms
B/C when comparing IL-6, IL-8, CCL2 and CXCL10 log,FCs (from base-
line; Supplementary Fig. 5¢); therefore, allarms were pooled to inves-
tigate cytokines/chemokines in the setting of AEs. We first examined
these markers in the context of the possibly related SAEs described

above. Forboth SAEs, absolute maximumIL-6 concentrations remained
<30 pg ml™ at time points sampled before and after hospitalization
(P42,28.9 pg ml™; P27,17 pg ml™; Extended Data Figs. 3a,c and 4f);
these values are below thresholds associated with severe inflammatory
toxicity as reported previously in literature'®”, Because associations
betweeninflammatory toxicities and plasma concentration thresholds
arelessestablished for IL-8, CCL2 and CXCL10, we evaluated these levels
relative to the entire cohort of participants sampled at the correspond-
ing time points (n = 33; Extended Data Fig. 4f). For P42, maximal pre-SAE
plasmalL-8, CCL2 and CXCL10 concentrations were inthe third quartile,
top quartile and second quartile, respectively, with post-admission
CXCL10increasing to the 75th percentile. In contrast, for P27, the IL-8,
CCL2 and CXCL10 concentrations in the pre-SAE sample were in the
first, second and second quartiles, respectively, with post-admission
IL-8increasing tothe second quartile. Together, these data suggest that
neither participant’s SAE was consistent with an IL-6-related mecha-
nism, and that peri-SAE IL-8, CCL2 and CXCL10 levels were heteroge-
neous, limiting our interpretation of these as predictive biomarkers.

Continuing these analyses across all participants, maximum TEAE
CTCAE grade was associated with differences in baseline-normalized
maximum IL-6 and IL-8 concentrations post-infusion (P < 0.05), with
IL-6 levels significantly higher in participants experiencing grade 2
versus grade 1 TEAEs (4,279 versus 197 pg ml™; adjusted rank-based
P<0.05) (Extended DataFig. 5a,b). Sensitivity analyses assessing out-
lier exclusion demonstrated that IL-8 findings, but not IL-6 findings,
retained statistical significance (Supplementary Fig. 6a,b). In both
primary and sensitivity analyses, no differences in maximum IL-6 or
IL-8 concentration were observed between grade >3 versus lower-grade
AEs. Beyond AE severity, higher cytokine concentrations were asso-
ciated with a greater number of grade >2 TEAEs, whereby patients
with maximum IL-6 or IL-8 concentrations =500 pg ml™ experienced
more TEAEs than those with <500 pg ml™ elevations of these mark-
ers (P<0.05; Extended Data Fig. 5¢,d; robust to outlier exclusion,
Supplementary Fig. 6¢,d). Collectively, these findings indicate that
elevated IL-6 and IL-8 levels are associated with moderate, but not
severe, life-threatening or fatal TEAE burden.

Among all TEAEs, maculopapular (MP) rash was associated with
these inflammatory markers. Maximum post-infusion IL-6 and IL-8
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Fig. 3| Clinical responses in patients with diffuse intrinsic pontine glioma. a, Swimmer plot for arm A (DIPG) showing clinical responses post diagnosis and TAA-T
infusion. b, Kaplan-Meier curve showing PFS for arm A. ¢, Kaplan-Meier curve showing OS for arm A. Black dashed line indicates median historical survival OS.

concentrationsin patients with MP rash (n = 5) versus without (n = 26)
were a median of 589 pg ml™ (versus 9.6) and 8,255 pg ml™ (versus
258), respectively (P< 0.01; Extended Data Fig. Se,f; robust to outlier
exclusion, Supplementary Fig. 6e,f). The median onset of MP rash was
21days (range, 11-28) post-infusion.

Discussion
The ReMIND phase 1trial reports results from a systemic multi-antigen
T cell therapy for the treatment of pediatric brain tumors. While this
study evaluates TAA-T therapy in CNS tumors, this multi-antigen TAA-T
platform has been previously studied by our group in pediatric and
adult nonCNS malignancies, including phase 1 trials using the same
WTI1/PRAME/survivin-targeting product in high-risk solid and hema-
tologic tumors (NCT02789228, NCT02203903 and NCT03843294)
with favorable preliminary safety profiles'>?*, The present study also
increased to a higher dose level, 8.0 x 10 cells per m?, given anticipated
differencesin T cell trafficking in the CNS.

In this trial, we demonstrated that an autologous multi-antigen
TAA-T therapy cangenerally be manufactured using peripheral blood

from pediatric patients with high-risk CNS malignancies. We also
showed that TAA-T cellinfusions are well tolerated when administered
intravenously with and without prescribed lymphodepletion. Addi-
tionally, we established a model-estimated MTD and RP2D of 8 x 107
cells per m?per dose for future studies. Of note, the empiric MTD was
not reached, as no dose level reached the threshold of unacceptable
toxicity. The majority of patients experienced only mild to moderate
AEs. Only two patients experienced potentially related SAEs; both had
the largest tumor areas represented in arms A and B (nonresectable
brainstem and thalamic DMG, respectively).

This trial was not powered to evaluate efficacy, and although
TAA-T cell therapy was associated with durable disease stabilizationin
some patients who would otherwise be expected to experience rapid
progression, conclusions about clinical efficacy must await a more
definitive trial. However, those patients who do continue to remain
without progression also harbored minimal residual tumor at baseline,
suggesting that tumor burden may influence response. Theoretically,
a higher effector cell-to-tumor ratio could favor immune-mediated
control, although this could also be due to other variables.
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Fig. 4| Clinical responses for patients with relapsed/refractory or otherwise
high-risk, nonbrainstem CNS tumors without or with lymphodepletive
conditioning. a, Swimmer plot for arms B/C showing previous therapies and
clinical responses post-TAA-T infusion. b, Kaplan-Meier curve showing PFS
forarms B/C. c,Kaplan-Meier curve showing OS for arms B/C. d, Waterfall
plot showing percent change in target lesion area from the most recent MRI
pre-TAA-T infusion to the time of best radiographic response post-infusion, for
allarm B (blue) and arm C (yellow) patients with measurable disease evaluable
for objective response. Dashed horizontal lines indicate the thresholds for PD

(+25%) and partial response (PR; -50%). The asterisk indicates a patient witha
best response of SD with pseudoprogression. The dagger indicates a patient with
>50% reduction in target lesion area, who was categorized as SD rather than PR
dueto clinical deterioration before confirmatory MRI. e, P41 (arm C) pre-infusion
and year 1post-final-infusion MRl images, shown on post-contrast T1-weighted
sequences, demonstrating a CR. Orange open squares have been overlaid on
these images to denote the neuroanatomical region in which the participant’s
enhancing lesion was present pre-infusion and absent at year 1 post-therapy.

Three patients showed objective responses. Patient P41 (AB with
an EWSR1-BEND2 rearrangement) achieved a CR 1 year after comple-
tion of three TAA-T cell infusions and remains disease-free 3 years later.
While thisis arare tumor subtype with anincompletely defined natural

history, and OS may be somewhat better than other recurrent HGGs?,
durable CRstoavailable therapies remain uncommon. The delayed tim-
ing of best response relative to the final infusion raises the possibility
thatintravenously administered TAA-T cells may have persisted and/or
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initiated supportiveimmune processes that evolved over time. Patients
P35and P36 (recurrent MB and HGG, respectively) remain disease-free
morethan 2.6 and 4.3 years after TAA-T cellinfusion.

Overall, across arms B and C, most participants were heavily
pretreated before enrollment, and some pursued additional ther-
apies after study treatment, limiting the extent to which survival
can be solely attributed to TAA-T cell therapy®. Interpretation of
pooled outcomes of arms B and C is further limited by the use of
lymphodepletion in the latter arm, and the associated clinical and
biological heterogeneity that may ensue. Although our study pre-
sents an interesting signal of potential response, the exploratory
nature of efficacy-related observations in this phase 1 study must
not be overlooked.

Arm A of the ReMIND trial permits cautious contextualization
relative to recent phase 1 CAR-T cell trials for DIPG****%, In contrast
to the wholly systemic administration of T cells in ReMIND, the B7-H3
CAR-T cell study exclusively utilized the intracerebroventricular (ICV)
route, and the GD2 CAR-T cell study primarily employed the same
(although each patient’s first infusion was intravenous). Reported
median OSs were 19.8 and 17.6 months, respectively”***. Median OS
for patients with DIPG treated on ReMIND was 13.7 months; two par-
ticipants (P13 and P50) experienced prolonged survivals of 32 and
21 months, respectively, with the latter alive at last follow-up. While
each of these studies harbors extraordinary responders and exceeds
the generally accepted median OS of approximately 11 months, most
childrenin all studies eventually died of disease, and other variables
may have affected outcome (for example, re-irradiation). These find-
ings have informed subsequent strategies aimed at enhancing tumor
trafficking and immunogenicity, discussed below.

From asafety perspective, inflammatory toxicities including CRS
and other high-grade AEs were common in the GD2 CAR-T cell trial,
particularly following intravenous administration, whereas such events
were less frequently observed following TAA-T therapy, suggesting a
comparatively favorable safety profile in ReMIND. As TAA-T cells are
expanded ex vivo without genetic modification and exert cytotoxicity
through native TCRs, they may mitigate the inflammatory toxicity risks
thatare associated with CAR-T cells”°.

Consistent with this, our exploratoryimmunocorrelative analyses
demonstrateincreasesin early post-infusion proinflammatory plasma
cytokines/chemokinesIL-6,IL-8 and CCL2 across patients, suggestive
of potential TAA-T-mediated bioactivity, withan association only with
moderate but not high-grade AEs. Increased IL-8 (refs. 31-42) and CCL2
(refs. 43-49) have been shown to be associated with grade 2 CRS*,
and CXCLI10 has been shown to be associated with CAR-T toxicity**".
Notably, we did not observe broad CXCL10 increases in our trial, sug-
gesting that the absence of aninterferon-associated chemokine signal
may be a differentiator in the toxicity profile. Interpretation of cytokine
and chemokine data must be undertaken with caution, as clinical and
immunologic outcomes may also be influenced by patient-specific
factors, including baseline TCR repertoire diversity, T cell fitness,
invivo cellular milieu, and tumor genetics, as well as heterogeneity in
manufactured TAA-T cell products.

Advantages of this minimally manipulated, systemic, autologous
T cell therapy (procured through venipuncture) include lower cost,
reduced burden for patients, and quicker trial start-up compared to
current viral vector-based CAR-T therapies. TAA-T cells retain the capac-
ity torecognize multipleintracellular tumor antigens and are sensitive
tolowantigen density, whereas CAR-T cells traditionally require higher
antigen density in order to exert their cytotoxic function®*>*. Regard-
ingtheroute of administration, intravenously infused activated T cells
may confer immunologic effects that differ from ICV-administered
products by enabling engagement of peripheral immune compart-
ments, potentially facilitating interactions with host APCs and sup-
porting secondary immune processes, including antigen spreading'®
and enhanced persistence'>?"?°5,

However, despite the advantages of this approach, some infusion
products, primarily those manufactured earlierin the trial, did not meet
target dose, highlighting logistical challenges with the manufacturing
process. Total cell numbers improved over the course of the study
after optimization of procurement and manufacturing protocols.
Future studies may benefit from collecting larger blood volumes and
pre-defining feasibility-based halting rules to enable technical optimi-
zationand/or atransition to leukapheresis when target dosing cannot
beachieved reliably. Such studies may require balancing total cell dose
with frequency of infusions to identify a therapeutic target dose that
is both feasible and efficacious.

Takentogether, the encouraging resultsin ReMIND have prompted
further investigation of this approach in two subsequent phase 1
trials: LIFT (under development; A Safety and Feasibility Study to
Evaluate Blood-Brain Barrier Disruption Using Exablate MR-Guided
Low Intensity Focused Ultrasound with Microbubbles in Combina-
tion with PRAME, Survivin and WTI1-targeting Tumor-Associated
Antigen-specific T Cell Infusion in Patients with Newly Diagnosed
Diffuse Midline Glioma) and IMPACT (NCT06193759; Immunotherapy
for Malignant Pediatric Brain Tumors Employing Adoptive Cellular
Therapy). LIFT will examine utilization of low-frequency ultrasound
to promote tumor incursion of ReMIND-type TAA-T cells as well as
induce local immune microenvironment reprogramming® -, and
IMPACT is utilizing the same TAA-T cell platform againstindividualized
neoantigens (rather than PRAME, survivin and WT1) in children with
embryonal tumors and recurrent ependymoma.

The limitations of this study include obstacles that face all adop-
tive cellular therapies for pediatric CNS malignancies, including
lack of sensitive methods to evaluate objective tumor response in
the context of potential pseudoprogression, lack of direct meas-
ures of cytotoxic activity or evidence of T cell migration into the
tumor, and significant heterogeneity in patient tumor phenotype,
immunophenotype and clinical characteristics®. Future trials may
consider pre-emptive ICV device placement, which could both enable
intracranial pressure management and facilitate cerebrospinal fluid
(CSF) sampling for correlative analyses with clinical response and
AEs. Further development of TCR-sequencing assays, intandem with
development of liquid biopsy assays, may provide further insight
into antitumor bioactivity. Last, tumor inflammation-associated
neurotoxicity® had not been widely recognized during the conduct
of this trial, with the first reports of this phenomenon published
after more than 90% of participants had undergone TAA-T cell ther-
apy. Metrics that standardize reporting of neuroinflammation will
be important in systematically comparing therapeutic strategies
moving forward.

In summary, the ReMIND study utilized multi-antigen-specific
T cell therapy for the treatment of predominantly pediatric patients
with braintumors. This study demonstrated both feasibility and safety
in this patient population, as well as impressive clinical responses
in some patients. Augmentation of T cell therapy via combinatorial
immunoadjuvant approaches may improve efficacy, and novelimaging
and systemic biomarkers of response are also being developed, which
may provide more sensitive assessment of treatment response than
currently available modalities.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/541591-026-04449-9.
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Methods

Patients and treatment protocol

The clinical trial protocol was approved by the Children’s National
Hospital Institutional Review Board (IRB), conducted undera US Food
and Drug Administration-authorized Investigational New Drug (IND;
18059) and registered on ClinicalTrials.gov (NCT03652545). A data
safety monitoring board (DSMB) oversaw the conduct of the trial, meet-
ingannually to review AEs, SAEs and unanticipated problemsinvolving
risks to participants and others, and convening more frequently as
needed ifany safety stopping rule was met. Written informed consent
was obtained from each patient or their legally authorized representa-
tive, in accordance with federal and local regulations, before each
participant’s initiation of study-related activities. In addition, when
applicable, verbal or written assent was obtained from patients aged
7-17 years who possessed the cognitive capacity to do so, inaccordance
with Children’s National Hospital IRB policies. The signed informed
consent form included explicit patient or legally-authorized repre-
sentative authorization for the use, sharing and publication of coded
study data, including de-identified health information used, created
or collected in the trial. The first participant enrolled on study on 18
September 2018 and the final participant enrolled on 18 July 2024,
with a final data cutoff of 1 January 2026. Participants did not receive
any financial compensation. Full eligibility criteria are providedin the
‘Eligibility criteria’ section below. These criteriawere required to be met
before blood procurement for manufacturing and prior to the initial
and each subsequent TAA-T infusion.

The primary objectives of this study were to evaluate the safety/
feasibility,and MTD of TAA-T cells, as well as to describe related toxici-
tiesinthe above-described patient populations. Secondary objectives
were to preliminarily assess the efficacy of TAA-T therapy as measured
by clinical response (CR, PR or SD), PFS and OS; to correlate these clini-
cal outcomes with TAA-T persistence and bioactivity; to characterize
patientimmunophenotypes pre-and post-infusion, including explora-
tion of potential biomarkers of disease or product persistence; and to
characterize the TAA-T cell products generated, including evaluation
of antigen specificity. Biological sex, determined based on clinical
parametersor self-report, wasrecorded (n =16 malesand n =17 females
infused); however, neither sex nor gender was considered in the study
design given the generally even distribution of disease.

Dose escalation was conducted independently on arms A and B
with a starting dose of 2 x 10 cells per m?, and subsequent escalation
to4 x 107 cells per m? and 8 x 107 cells per m?, as directed by the mCRM
method®®? after two to four patients at each DL completed their DLT
monitoring period. Once the model-estimated MTD for arm B was
identified, an expansion to treat a total of eight arm B participants
at the MTD was completed to ensure safety, after which the protocol
was amended to add arm C and this new arm opened to enrollment.
Arm C patients received 3 days of lymphodepleting chemotherapy
(30 mg m2day™ fludarabine and 300 mg m~2day™ cyclophospha-
mide) on days -4 to -2 before their first TAA-T infusion (day O) at the
MTD for arm B. Accrual to arm C and to arm A (for MTD expansion)
was discontinued before each cohort reaching its protocol-specified
maximum sample size, at the discretion of the IND sponsor and for
reasons unrelated to safety. Accordingly, due to the smallarm C sample
size,arms Band C were combined for post hoc pooled AE, survival and
immune correlative analyses. These pooled results are descriptive
and exploratory.

On all arms, patients evaluable for safety received at least one
TAA-T infusion, with a maximum of eight infusions permitted in the
context of disease stability and acceptable toxicity. Each infusion
was administered intravenously over approximately 1-3 min in the
outpatient clinic. The first and second TAA-T infusions were admin-
istered a minimum of 42 days apart, and subsequent infusions were
administered a minimum of 28 days apart. There was no intra-patient
dose escalation; however, when inadequate numbers of TAA-Ts were

available, patients were allowed to receive alower DL than assigned for
their first or subsequent infusions.

Patients were taken off treatment if they experienced a DLT;
received another cellular product; experienced clinical and/or radio-
graphic disease progression not attributable to other causes (regard-
less of whether they subsequently received therapy for relapse/
recurrence); failed to meet eligibility criteria for subsequent infu-
sions; withdrew consent for further treatment; or received the last
available dose of investigational product (based on manufactured
TAA-T supply). They were considered off study upon completion of the
protocol-defined long-term follow-up period; loss to follow-up; death;
withdrawal of consent for further study follow-up; or removal fromthe
study at the discretion of the Principal Investigator (PI).

Safety evaluation

Toevaluate safety, patients were frequently monitored onan outpatient
basis with collection of clinical laboratory measurements, vitals and
physical exams through month12 post-final TAA-T cellinfusion. Despite
study visits continuing through year 1 post-infusion, the DLT monitor-
ing period spanned 6 weeks following the firstinfusion only. DLTs were
defined asany of the following events, if determined to be TAA-T related
(possibly, probably or definitely related): grade >3 infusion-related
AEs and/or grade >4 nonhematological AE, grade >3 pneumonitis or
uveitis or any unexpected grade >3 toxicity. DLT exceptions included
TAA-T-related AEs secondary to pseudoprogession (immune-mediated
tumor inflammation) that were rapidly and definitively correctable
(for example, CSF flow obstruction, or new neurological deficits that
resolved within 14 days after initiation of medical therapy) or that
were retrospectively determined to be true tumor progression. For
arm C, an additional DLT criterion was added in the context of the
lymphodepletion: hematologic-DLT was defined as failure to recover
toaperipheral absolute neutrophil count (ANC) > 500 m~and platelets
>20,000 mm™by 50 days from the start of fludarabine and cyclophos-
phamide administration, not due to underlying malignancy or severe
infection. Full criteriawith all exceptions are provided in the protocol,
whichisincluded in Supplementary Information.

Toxicities were defined by the NCI CTCAE, v.5.0. Low-grade AEs
were defined as grade 1 (mild) or grade 2 (moderate), and high-grade
AEswere defined asgrade 3 (severe), grade 4 (life-threatening) or grade
5(fatal). The exceptionto using the CTCAE scale was for CRS, which was
retrospectively assessed using the ASTCT consensus grading for CRS™.

Response evaluation

To evaluate disease response, Response Assessment in Pediatric
Neuro-Oncology, Response Assessment in Neuro-Oncology and Immu-
notherapy Response Assessment in Neuro-Oncology (iRANO) recom-
mendations were considered’>®. Response Assessment in Pediatric
Neuro-Oncology was the overarching protocol-defined framework
andits definitions were used for measurable lesions and best response
assignment, with pseudoprogression considerations of iRANO applied
to cases of pseudoprogression.

Baseline MRI was required within approximately 2 weeks before
thefirstinfusion; post-infusionimaging was obtained before the third
infusion and approximately every 2-3 months thereafter. Measurable
lesions were defined as those visible on at least two contiguous axial
MRIslices and measuring >10 x 10 mm. For measurable disease, tumor
areawas calculated from the longest diameter and its perpendicular;
when multiple lesions were present, summed areas were used. PD was
defined as a>25% increase from smallest prior measurement (including
baselineifthis represented the smallest on-study sum). Pseudoprogres-
sion was defined as the radiographic increase in measurable disease
followed by subsequent radiographic stabilization or improvement,
in the absence of additional tumor-directed, non-anti-angiogenic
therapy. Nonmeasurable but evaluable disease was assessed qualita-
tively, withcomplete disappearance of the lesion/s being categorized
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asaCR, unequivocal progression or new lesions as PD, and persistence
without meeting either criterion as SD (non-CR/non-PD). Neurologic
status, corticosteroid dosing and confirmatory imaging were incor-
porated into response assessments where applicable.

Eligibility criteria

Patients were eligible irrespective of their sex or gender. Separate
eligibility checklists were used for procurement and TAA-T infusion,
with some overlapping criteria.

Forbothprocurementandinfusion, inclusion criteriawere diagno-
sis of high-risk CNS tumors (DIPG, HGG, MB, EPN, embryonal tumors,
choroid plexus carcinoma and other aggressive CNS malignancies);
Karnofsky/Lansky score >60% (patients unable to walk because of
paralysis but up in a wheelchair were considered ambulatory); bili-
rubin <3 x upper limit of normal (ULN); aspartate aminotransferase
(AST)/alanine aminotransferase (ALT) <5 x ULN; serum creatinine
<1.0 mg dI™ or 1.5 x ULN for age (whichever is higher); pulse oximetry
>90% on room air; agreement to use contraceptive measures during
study participation (when age appropriate); and ability of patient or
parent/guardian to provide informed consent. Exclusion criteria for
bothwere uncontrolled infections; known HIVinfection; and pregnant
orlactating females (pregnancy assessment performed for all patients
>7 years; if childbearing potential per PI/Sub-Investigator discretion,
pregnancy testing was required).

Procurement-specificinclusion criteriawere group A (newly diag-
nosed DIPG): radiographic diagnosis with DIPG defined as tumors with
a pontine epicenter and diffuse intrinsic involvement of the pons,
with procurement within 12 weeks after completion of radiotherapy
(procurement before radiotherapy also allowed); group B: recurrent,
progressive or refractory disease after standard treatment without
lymphodepletive conditioning; or group C: recurrent, progressive
orrefractory disease after standard treatment with lymphodepletive
conditioning (refractory disease included high-risk tumors after com-
pletion of standard treatment or tumors with known poor cure rates
with standard treatment); age 6 months to 80 years; ANC > 750 pl™,
absolute lymphocyte count >500 pl™, platelets >75,000; available
pre-trial tumor tissue (optional but highly encouraged); sufficient size
to provide blood volume for TAA-T generation; steroids anticipated
to be weaned to <0.4 mg kg™ day™ dexamethasone or equivalent by
infusion; and for patients residing outside the USA or Canada, attes-
tation to remain near Children’s National Hospital for the initial DLT
monitoring phase (42 days after first infusion) and for each required
visitin the 28-day safety monitoring phase after subsequentinfusions.
Procurement-specific exclusion criteriawere previousimmunotherapy
with an investigational agent within 28 days before procurement;
previous history of allogeneic stem cell transplantation (patients who
received autologous stem cellinfusions remained eligible); and bulky
tumor for groups B and C, defined as any evidence of uncal hernia-
tion or significant midline shift, significant brainstem component, or
deemed overly bulky by the PI.

Infusion-specificinclusion criteriawere steroids <0.4 mg kg™ day™
dexamethasone or equivalent; ANC > 750 pl™ and platelets >75,000
for group C before first dose of lymphodepletion; last dose of myelo-
suppressive chemotherapy (including completion of radiotherapy
for group A) >14 days before infusion or upon count recovery, last
dose of investigational agent >28 days previously (extended if AEs
occur beyond 28 days), last dose of biologic agent >7 days previously
(extended if AEs occur beyond 7 days; recovery from all acute effects
of previous surgery; stable neurologic exam for 2 weeks on stable or
decreasing steroids before first infusion and stability for 1week before
subsequent infusion; agreement to a brief (<72 h) steroid course if
clinically necessary; and for group A, initial infusion within 5 months
of start of irradiation. Infusion-specific exclusion criteria were receipt
of ATG, Campath or otherimmunosuppressive T cell monoclonal anti-
bodies within 28 days of infusion; and bulky tumor for groupsBand C,

defined as any evidence of uncal herniation or significant midline shift,
significant brainstem component or deemed overly bulky by the PI (for
subsequent infusions, most recent disease assessments per standard
of care were used).

Protocolamendments

Multiple protocol amendments were implemented over the course
of the study to improve feasibility, safety monitoring and clinical
implementation. Substantive changes are outlined by the protocol
version below.

Protocol v.2.0 (IRB-approved December 2019) modified eligibil-
ity and manufacturing procedures, including restricting bulky tumor
exclusion to the initial TAA-T infusion (eliminating the requirement
for MRI before every subsequent infusion while maintaining PD as an
off-treatment criterion), permitting bevacizumab without a washout
period to allow management of cerebral edema, standardizing a28-day
washout for other investigational agents, increasing allowable blood
collection volume to improve cell yield, and incorporating iRANO
guidance on pseudoprogression to permit continued therapy in the
setting of clinical and radiographicstability when true progression was
uncertain. Protocol v.3.0 (IRB-approved]July 2021) introduced group C,
along withgroup C-specific DLT criteria. Additional updatesincluded
allowing infusion at a lower dose level than originally assigned when
TAA-T cellyield was insufficient, extending survival follow-up from 1-5
years, incorporating CSF collection for immunocorrelative analyses
when clinically feasible in patients with existing intracerebroven-
tricular access devices, and modifying eligibility criteriatoinclude an
absolute lymphocyte count >500 pl™ at procurement, stricter steroid
requirements (<0.4 mg kg™ day™ at the time of infusion), permission
for procurement before radiotherapy in group A, and extension of
neurological stability requirements to 2 weeks before the first infusion
and 1week before subsequent infusions.

Protocol v.4.0 (IRB-approved October 2022) increased the group
B samplesize to allow group C-to-B post-procurement crossover when
insufficient product was available for treatment in group C, and revised
group A eligibility to require first infusion within 5 months of initiat-
ing radiotherapy rather than from diagnosis. Protocol v.4.1 and v.4.2
(IRB-approved February 2023 and August 2024, respectively) included
only minor amendments to implement a barcode-based inventory
management system, to add capture of post-treatment therapies dur-
ing long-term follow-up and to update IRB reporting requirements.
Protocol v.4.3 updated discrepancies throughout the protocol and
clarified that arm A survival is defined from date of diagnosis rather
than from first infusion. Protocol v.4.4, the most up-to-date ver-
sion, added attribution (licensing and source acknowledgment) for
the clinical scales in the appendices; this version is included within
Supplementary Information.

Statistics and reproducibility

Dose escalation was guided by a Bayesian mCRM, which was applied
independently to arms A and B. A shallow dose-toxicity curve was antic-
ipated based on previous human experience with ex vivo expanded,
nongenetically modified cytotoxic T lymphocyte products. Accord-
ingly, alogistic dose-toxicity model was specified; the model skeleton
corresponded to prior predictive probabilities of DLT 0f 7.1%,13.3% and
21.0% across the three dose levels. The first patient was treated at the
lowest dose level. Patients were treated in cohorts of two, with escala-
tiondecisions made after atleast two patients completed their 42-day
DLT assessment period. Dose escalation was restricted to prespecified
levels, dose level skipping was prohibited, and accrual was suspended
if any stopping rule was met (any DLT or potentially related death). If
aDLT occurred, and the DSMB and IRB concurred that accrual could
continue, dose escalation was suspended for the subsequent patient.
Accrual and escalation decisions were guided by ongoing model-based
estimation of DLT probabilities with real-time toxicity monitoring.
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The target probability of acceptable toxicity was set to be no more than
20%; the model-estimated MTD and the RP2D were thus defined as the
highest DL at which the probability of DLT was <20%.

Asaphaseldose-finding study, participants were not randomized
and investigators and study staff were not blinded. Sample size was
predetermined by the operating characteristics of the mCRM, with
anticipated treatment of two to four patients per dose level per arm,
and a planned expansion of up to eight patients at the MTD; however,
feasibility constraints of product manufacturing at assigned dose levels
necessitated increasesin the planned maximum enrollmenttoarmB,
with five patients treated at DL1and nine patients treated at the MTD.
Owing tomanufacturing limitations, USFood and Drug Administration
permission was obtained and the protocol was subsequently amended
to allow treatment of seven patients at lower-than-mCRM-assigned
DLs, and their toxicity datainformed the model. No observed datawere
excluded from the primary safety or dose-finding analyses.

Median OS and median PFS were analyzed. For arm A, PFS and
OS were calculated as time from diagnosis to the earliest date of PD
documentation and death, respectively. Forarms Band C, PFSand OS
were calculated as time from first TAA-T infusion to the earliest date of
PD documentation and death, respectively. Patients without progres-
sion or death were censored at the time of data cutoff (1January 2026).
Incases where participants could not be reached for re-consent to the
5-year survival follow-up following the protocol amendment adding
this requirement, the date of death for inclusion in the OS analysis was
obtained from publicly available records.

Statistical analyses for Kaplan-Meier survival curves, product
characteristics, AEsandimmunobiological correlates were performed
using GraphPad Prism v.10 (Dotmatics). Statistical significance was
defined as a Pvalue < 0.05. For analyses involving multiple compari-
sons, adjusted Pvalues were used where applicable. Given the explora-
tory nature of these analyses, all P values should be interpreted with
caution. Further, in analyses examining the association between AEs
and cytokine levels, outliers were identified using the Robust Regres-
sionand Outlier removal (ROUT) method with Q = 1%. Primary analyses
were conducted with all observed values retained; exploratory sensitiv-
ity analyses excluding theidentified outliers were also performed and
are provided in Supplementary Data.

No sex- or gender-based analyses were performed given the
already small sample sizes and existing heterogeneity among clinical
factorsin this trial.

Manufacture of TAA-T cell products

TAA-T cells were manufactured in compliance with current good
manufacturing practices (cGMP) appropriate for a phase 1 study, as
described previously””’8, Peripheral blood for each patient’s TAA-T cell
manufacture attempt was collected on two occasions, 1 week apart.
Monocyte-derived dendritic cells (DCs) were generated fromisolated
peripheral blood mononuclear cells (PBMCs) via plastic adherence
and cultured in CellGenix DC medium (CellGenix) in the presence
of IL-4 (1,000 U ml™) (R&D Systems) and granulocyte-macrophage
colony-stimulating factor (GM-CSF; 800 U mI™) (Sanofi). On cul-
ture day 5-6, DCs were matured using IL-4 (1,000 U mI™), GM-CSF
(800 U ml™), IL-6 (100 ng mI™; CellGenix), tumor necrosis factor
(10 ng mlI™), IL-1B (10 ng mI™) (R&D Systems) and lipopolysaccharide
(30 ng ml™) (Sigma-Aldrich). After 24 h, mature DCs were matured,
irradiated (25 Gy) and incubated with peptide libraries consisting of
15-mer peptides overlapping by 11 amino acids spanning WT1, PRAME
and survivin (100 ng per peptide per 5 x 106 DCs;JPT). Antigen-specific
T cells were generated by co-culture of the nonadherent fraction of
PBMCs with peptide-loaded DCs at a 20:1-5:1ratio in Irvine Click’s
Combined with RPMIMedium (Fujifilm Irvine Scientific) supplemented
with 10% Human AB Serum (Grifols Bio Supplies). For the initial T cell
stimulation with peptide-loaded DCs, culture medium contained
IL-6 (50 ng mI™), IL-7 (5 ng mI™), IL-12 (5 ng mI™%; Akron Bio) and IL-15

(2.5 ng ml™; CellGenix). For the second stimulation (and optional third
depending on expansion), T cells were co-cultured with peptide-loaded
DCs (10:1T cell-to-DCratio was average but allowable range was 20:1-5:1
Tcell-to-DCratio) or PHA blasts (5:1-1:1T cell-to-PHA blast ratio) in cul-
ture medium containingIL-7 (10 ng mI™) and IL-2 (100 U mI™; Clinigen).

Manufacturing feasibility was assessed among enrolled patients
fromwhom cells were procured and manufacturing attempted at least
once, regardless of whether the final product was infused. Manufactur-
ing was considered unsuccessful if there was insufficient expansion of
TAA-T cells to achieve at least one dose at DL1, or if the final product
failed to meetrelease criteriaspecifications as defined in the Chemis-
try, Manufacturing and Controls section of the IND application.

Optimizations to manufacturing processes

Inresponse to manufacturing failures after accrual began, three major
modifications were implemented, including both protocol amend-
ments and manufacturing process changes. For the latter, 28 of 48
participants (58.3%) who underwent procurement, the maximum
permitted collection volume was increased from 120ml to 400 ml
(3 mlkg™ per draw) in a protocol amendment effective December
2019. Following additional investigation into the failures, an addi-
tional protocol amendment implemented in July 2021 introduced a
procurement eligibility criterion for the final 14 participants (29.2%)
requiringan absolute lymphocyte count>500 pl™. Inaddition to these
protocol-level changes, the manufacturing protocol was revised in
March 2021 to improve scalability and yield, including plating den-
dritic cells in flasks rather than six-well plates, and stimulating T cells
in G-Rex10 or G-Rex100 devices, rather than 24-well plates. These
manufacturing changes wentinto effect for the latter 18 of 48 procured
patients (37.5%).

Characterization of TAA-T cell products

Flow cytometry for TAA-T cell product phenotyping. Cells were
counted using Trypan Blue and resuspended in PBS to achieve a con-
centration of 2 million cells per ml. Aworking solution of Fixable Live/
Dead Stain was prepared by adding 1 ul of Fixable Live/Dead stock to
500 plof PBS. Subsequently, 100 pl of the resuspended cells was distrib-
uted into the appropriate number of tubes, including one unstained,
to yield 200,000 cells per tube. Each tube received 100 pl of Fixable
Live/Dead Aqua (Thermo Fisher Scientific, cat.no.L34966) or Fixable
Live/Dead Near IR (Thermo Fisher Scientific, cat. no. L34976) dye and
wasincubatedinthe dark for 20 min. Followingincubation, cells were
washed by adding 2 ml of MACSQuant Running Buffer (Miltenyi Bio-
tec, cat. no.130-092-747) and centrifuged at 400g for 5 min, and then
resuspended in100 pl of MACSQuant Running Buffer. An FcR blocking
agent (MiltenyiBiotec, cat. no.130-059-901) was added to the tubes for
5 minto prevent any nonspecific binding, followed by an appropriate
antibody mix (shownin tables below), whichwasincubatedinthe dark
for 15 min.

Antibodies for the pan leukocyte panel included CD14 Vio Blue
(Miltenyi Biotec, cat.no.130-110-524), CD19 FITC (Miltenyi Biotec, cat.
no.130-113-646), CD16 PE (Miltenyi Biotec, cat. no.130-113-393), CD56
PE (MiltenyiBiotec, cat.no.130-113-312), CD3 Per CP Vio-770 (Miltenyi
Biotec, cat. no.130-113-141), CD4 PE-Vio-770 (Miltenyi Biotec, cat. no.
130-113-227), CD45 APC (Miltenyi Biotec, cat.no.130-110-633) and CD8
APCVio-770 (Miltenyi Biotec, cat.no.130-110-681).

Antibodies for the TCR/DC panelincluded TCRy& Vio Blue (Milte-
nyi Biotec, cat. n0.130-119-619), TCRaf3 FITC (Miltenyi Biotec, cat. no.
130-113-538), CD83 PE (Miltenyi Biotec, cat. no. 130-110-503), CD3
Per CP Vio-770 (Miltenyi Biotec, cat. no. 130-113-141) and CD45 APC
(MiltenyiBiotec, cat.no.130-110-633).

Antibodies for the T/NK panel included CD8 FITC (Miltenyi
Biotec, cat. no. 130-110-677), CD16 PE (Miltenyi Biotec, cat. no. 130-
113-393), CD56 PE (Miltenyi Biotec, cat. no. 130-113-312), CD3 Per
CP Vio-770 (Miltenyi Biotec, cat. no. 130-113-141), CD4 PE-Vio-770

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-026-04449-9

(Miltenyi Biotec, cat. no.130-113-227) and CD45 APC (Miltenyi Biotec,
cat.no.130-110-633).

Antibodies for the DC/monocyte panel included CD83 FITC
(MiltenyiBiotec, cat.no.130-110-507), CD19 PE (Miltenyi Biotec, cat. no.
130-113-646), CD3 Per CP Vio-770 (Miltenyi Biotec, cat. no.130-113-141),
CD14 PE-Vio-770 (Miltenyi Biotec, cat. no.130-110-521) and CD45 APC
(Miltenyi Biotec, cat.n0.130-110-633).

Antibodies for the TCR/Memory panel included CCR7 FITC
(Miltenyi Biotec, cat. no. 130-120-468), CD45RO PE (Miltenyi Biotec,
cat. no. 130-113-559), CD3 Per CP Vio-770 (Miltenyi Biotec, cat. no.
130-113-141), TCRyS PE-Vio-770 (Miltenyi Biotec, cat. no.130-113-513),
TCRaf (MiltenyiBiotec, cat.no.130-113-535) and CD95 (Miltenyi Biotec,
cat.no.130-113-007).

After incubation, cells were washed twice by adding 2 ml of
MACSQuant buffer and centrifuging at 400g for 5 min. Cells were
resuspended in 200 pl of MACSQuant and acquired on a flow cyto-
meter, either MACSQuant (Miltenyi Biotec, Sr# 2595, eight colors), BD
Canto (BD Biosciences, Sr# R33896002642, six colors) or CytoFLEX
(Beckman Coulter, Sr# BD13018, eight colors). A CD Chex control
(Streck, cat. no. 213365) was included with each product to ensure
accurate staining and reliable results. Data analysis was performed
using FlowJo software.

IFNy ELISpot assay. This assay was performed as previously
described”®'. TAA-T cell products were determined specific by ELIS-
potusing the empirical method if any of the wells with individual TAA
peptide pools (WT1, PRAME and survivin), or combined TAA peptide
mix containingall three TAA peptide libraries, induced spot counts of
10 or higher and over three times higher than background. The back-
ground cutoffwas calculated by averaging background wells (cells with
medium only) and multiplying by three.

Immunobiology correlative assays. For correlative immune stud-
ies, whole blood research samples were collected in sodium heparin
tubes before a participant’s first infusion and at each post-infusion
study visit. During the safety monitoring period, study visits were
conducted withina + 3-day compliance window; therefore, time points
referredtoas‘day 7’ or ‘week 1, etc. reflect this allowable range and may
include minorinter-participant variability. PBMCs were cryopreserved
and plasma was frozen according to standard procedures for later
batch analyses.

ImmunoSEQ TCR repertoire and clonal tracking analysis. TCR
sequencing was performed for all patients in arms B/C who had infu-
sion products available. Inthose patients, infusion productand PBMC
samples were sequenced and analyzed at these time points: base-
line/pre-infusion no.1(arm B) or week 1 post-infusion (arm C), week 2
post-infusion, week 4 post-infusion, and at the time point most proxi-
mate to disease progression. Though arm A had additional patients
withavailable infusion products remaining, sponsor chose not to send
additional samples for sequencing beyond the initial four patients.
Available samples for each patient were analyzed inimmunoSEQ soft-
ware (Adaptive Biotechnologies) using the ‘Amino Acid Only’ parameter
ofthe Track Rearrangements tool. Data were ordered by infusion prod-
uct, baseline PBMC sample, and then chronologically for post-infusion
PBMC samples. Week 1 post-infusion was chosen as the initial time
pointforarm C duetolack of PBMCs available at baseline/pre-infusion
caused from lymphodepletive conditioning.

Beyond the patients above for arms B/C, PBMCs at the time points
specified above were sequenced for one additional patient in arm B
(P36) and one additional patientin arm C (P41); infusion product was
unavailable; however, longitudinal PBMC samples were sequenced
andincluded for global repertoire analysis. Adaptive Biotechnologies
also reports several different measures of TCR repertoire, including
Simpson clonality, using the diversity metrics tool within the analyzer.

Simpson clonality measures distribution of clones in a repertoire,
where avalue of zero indicates that the repertoire is perfectly diverse
(noclonal duplication), with higher values indicating dominancebya
few clones, and avalue of one indicating that the repertoireis perfectly
monoclonal®. Anincrease in Simpson clonality thus represents clonal
expansion in a population, and respectively, a decrease in Simpson
clonality represents clonal contraction in a population.

ELLA immunoassay. Custom cartridges for the ELLA Automated ELISA
system (Bio-Techne) were used to profile cytokine IL-6, IL-8, CCL2 and
CXCL10in patient plasma samples from five different time points. Each
cartridge enabled simultaneous analysis of up to 32 samples. High and
low controls for each analyte were prepared according to manufac-
turer’s guidelines. Plasma samples were thawed on ice for 1 h before
assay set up, and then centrifuged briefly. Appropriate dilutions were
made based on data previously obtained. A total of 50 pl of each diluted
sample, along with high and low controls, was loaded into designated
wells on the cartridge. Assay buffer was added to the corresponding
buffer wells as indicated on the cartridge. The ELLA system performs
each measurement in duplicates, and the resulting data provides the
average concentration of each analyte in pg ml™, adjusted for the dilu-
tion factor used during sample preparation.

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

Data availability

Individual-level clinical and molecular data, beyond those contained
within this paper, are not provided or deposited ina public repository
due to considerations related to informed consent, data governance
and privacy regulations. Requests for additional or more granular
information may be directed at E.I.H. or C.M.B. These requests will be
evaluatedinaccordance withapplicable federal and local regulations
andinstitutional policies, and aresponse made within 7 days of request
receipt. Source data are provided with this paper.
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Extended Data Table 1| Infusions and Responsesin Arm A

Arm A Infusion Information

Study  Metastatic Tumor Size Tumor Dose No.of Total Best Response  Progression- Overall Current Status
ID Status (Primary) Location(s) Level Infusions Numberof (CR,PR,SD,PD) Free Survival Survival
(mm~2) TAA-T Cells from Diagnosis from
Infused (Months) Diagnosis

(Months)
P10 nonmetastatic =~ 567 Lventralpons 1 2 3.4E+07 PD 8.3 16.3 Deceased
P11 nonmetastatic 1887 Pons 1 1 2.0E+07 SD 10.5 1.5 Deceased
P13 nonmetastatic 1204 Pons 2 1 4.6E+07 SD 15.8 32.0 Deceased
P14 nonmetastatic 1610 Brainstem 1 1 1.8E+07 SD 13.0 16.2 Deceased
P22 nonmetastatic =~ 945 Pons 2 5 1.5E+08 SD 8.2 12.2 Deceased
P27 nonmetastatic 2585 Pons 2 1 3.6E+07 N/A 6.2 6.2 Deceased

- nonevaluable

P38 nonmetastatic =~ 896 Pons 2 2 8.8E+07 PD 6.8 8.4 Deceased
P45 nonmetastatic 988 Bilateralpons 3 2 1.6E+08 PD 1.8 20.5 Deceased
P46 nonmetastatic 1352 Brainstem 2 2 1.3E+08 sD 12.5 137 Deceased
P48 nonmetastatic =~ 728 Pons 3 1 1.0E+08 PD 6.9 8.9 Deceased
P50 nonmetastatic 1710 Pons 3 3 1.9E+08 SD 19.5 >20.9 and *In long-term

ongoing* survival

follow-up;

recent PD but
alive >1year
post-final
infusion
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Extended Data Table 3 | Safety Profile of TAA-T Cells

Dose CTCAE grade Event No. of events No. of patients
level

Grade 2+ adverse events at least possibly related to TAA-T infusion

neutrophil count decreased 1

1 1l 1(P10)
dysphasia 1
dyspnea 1
1(P13)
agitation 1
1] lymphocyte count decreased 2 2 (P13; P38)
2
abducens nerve disorder 1
Safety profile of L disord 1(P46)
TAA-T cells for oculomotor nerve disorder 1
armA m brainstem edema 1 1(P27)
3 N/A N/A - no grade >2 possibly or greater related adverse events

Serious adverse events during the DLT monitoring period

respiratory failure (w/ altered mental  1(grade IV) 1(P13) « inpatient hospitalization « Unlikely related to TAA-Ts,
status, hypertension, hyponatremia) Probably related to disease
2 *Nota DLT
« hydrocephalus, worsening 1(grade IV/V) 1(P27) « inpatient hospitalization ~ « Possibly related to TAA-Ts,
« respiratory failure «death Probably related to disease
+ This was a DLT

Grade 2+ adverse events at least possibly related to TAA-T infusion

maculopapular rash 1
dyspnea 1 1(P0O9)
sinus tachycardia 1
facial nerve disorder 1
Il
dysphasia 1
1 1(PO2)
somnolence 1
fatigue 2
confusion 1 1(P42)
Safety profile of " ataxia 1 P00
TAA-T cells for muscle weakness, lower limb 1
armsB&C
2 N/A N/A - no grade >2 possibly or greater related adverse events
WBC decreased 1 1(P41)
3 [] acoustic nerve disorder 1 1(P37)
sinus tachycardia 1 1(P35)

Serious adverse events during the DLT monitoring period

1 cerebral edema (w/ headache, 1(grade IlI) 1(P42) « inpatient hospitalization « Possibly related to TAA-Ts;
vomiting, photophobia, tremor) possibly related to disease
« Not a DLT (reversible)
3 appendicitis 1(grade IlI) 1(P31) « inpatient hospitalization ~ « Unlikely related to TAA-Ts;
Unlikely related to disease
*Nota DLT
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Extended Data Fig. 1| Characterization of autologous TAA-T cell products.
Flowimmunophenotyping release testing data are presented in A-G and

IFNy ELISpot data presented in H-K (Arm A:n =12; Arms B/C: n =27).Each
data point represents a separate TAA-T cell product infused into patients
(biological replicates). Lower whisker is defined as the minima, upper whisker
is defined as the maxima, center is defined as median, lower bound of box
isdefined as Q1 (25th percentile), and upper bound of box is defined as Q3
(75th percentile).a) % Total T cells (CD3 + ). Arm A: Minima=51, Maxima=99,
Median=97, 25th Percentile=95, 75th Percentile=99; Arms B/C: Minima=31,
Maxima=100, Median=97, 25th Percentile=94, 75th Percentile=98.b) %

CD4 + T cells (CD3 + CD4+ of CD45 +). Arm A: Minima=0.50, Maxima=88,
Median=16, 25th Percentile=2.6, 75th Percentile=38; Arms B/C: Minima=0.40,
Maxima=55, Median=9.9, 25th Percentile=6.1, 75th Percentile=17.¢) %CD8 + T
cells (% CD3 + CD8+ of CD45 +). Arm A: Minima=4.3, Maxima=88, Median=37,
25th Percentile=22, 75th Percentile=47; Arms B/C: Minima=19, Maxima=91,
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Median=51, 25th Percentile=36, 75th Percentile=71.d) % of T cells (% TCRa+
of CD3 +). Arm A: Minima=8.2, Maxima=94, Median=69, 25th Percentile=28,
75th Percentile=86; Arms B/C: Minima=32, Maxima=98, Median=71, 25th
Percentile=48, 75th Percentile=84.e) % yS T cells (% TCRy5+of CD3 + ). Arm A:
Minima=5.1, Maxima=79, Median=28, 25th Percentile=8.4, 75th Percentile=67;
Arms B/C: Minima=1.1, Maxima=83, Median=25, 25th Percentile=10, 75th
Percentile=53.f) % CD3 + CD16 + CD56+ of CD45 + . Arm A: Minima=2.8,
Maxima=25, Median=11, 25th Percentile=7.2, 75th Percentile=17; Arms B/C:
Minima=3.4, Maxima=64, Median=16, 25th Percentile=8.1, 75th Percentile=28.
g) % NK cells (CD16/CD56 + CD3- of CD45 +). Arm A: Minima=0.40, Maxima=48,
Median=1.0, 25th Percentile=0.48, 75th Percentile=4.6; Arms B/C: Minima=0.10,
Maxima=62, Median=1.6, 25th Percentile=0.60, 75th Percentile=6.1. h-i) IFNy
ELISpot with background correction for Arm A (h) and Arms B/C (i). Negative
values after background normalization have been normalized to zero for visual
representation.
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Extended Data Fig. 2 | Clonal Persistence and Global TCR Repertoire
Dynamics. a-f) Longitudinal tracking of product-derived clonotypes for
assayed participants who received infusion of specific TAA-T products. Time
points corresponding to disease progression (if applicable) are indicated by the
downward black arrow. Abbreviations: “Pre” = prior to first TAA-T cell infusion;
I=infusion; W =week; M =month. (a) P09 (Arm B). b) P12 (Arm B). ¢) P10 (Arm A).
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are from the pre-infusion time point for Arm B. For Arm C patients, post
lymphodepletion, pre-infusion samples were not available for all patients so
week 1post-infusion was first available time point sampled longitudinally.
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Extended Data Fig. 3 | Cytokines and Chemokines. Plasma cytokine/
chemokine profiling at baseline (pre-infusion), week 1 post-infusion no. 1, week
2 post-infusion no. 1, week 4 post-infusion no.1and disease progression. The
disease progression time point was chosen based on sample availability closest
indate to radiographic PD confirmation (regardless of whether the sample was
collected before or after radiographic PD confirmation). a) Heatmap showing
post-infusion IL-6 plasma concentration dynamics (yellow =500 pg/mL) for
Arm A.b) Heatmap showing post-infusion IL-8 plasma concentration dynamics
(yellow =500 pg/mL) for Arm A. c) Heatmap showing post-infusion IL-6 plasma
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post-infusion IL-8 plasma concentration dynamics (yellow =500 pg/mL) for
Arms B/C. e) Heatmap showing post-infusion CCL2 plasma concentration
dynamics (yellow =500 pg/mL) for Arm A.f) Heatmap showing post-infusion
CXCL10 plasma concentration dynamics (yellow =500 pg/mL) for Arm A. g)
Heatmap showing post-infusion CCL2 plasma concentration dynamics (yellow
>500 pg/mL) for Arms B/C. h) Heatmap showing post-infusion CXCL10 plasma
concentration dynamics (yellow =500 pg/mL) for Arms B/C. *indicates patients
that received infusion of a TAA-specific product.
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Extended Data Fig. 4 | Plasma Cytokine and Chemokine Pooled Analyses.

a-e) Patient plasmaL-6, IL-8, and CCL2 concentrations reflected as log2 fold
changes from Day O (pre-infusion baseline). Violin plots depict distributions,
with dashed horizontal lines indicating the median. One-sample Wilcoxon
signed-rank tests (two-tailed) were used to assess whether median log2 fold
change at approximately day 7,14, and 28 differed from 0. Asterisks represent
statistical significance (*, p < 0.05;**, p < 0.01; ***, p < 0.001) with nsindicating
no significance (p = 0.05). (a) Arm A, IL-6: median log2 fold change was 3.1at
Day7(n=11;p=0.024, W =50,95% CIl: -1.013t010.64), 4.6 at Day 14 (n = 11;
p=0.0186, W =52,95% Cl: -1.246 t0 7.860), and 3.1at Day 28 (n =10; p = 0.0273,
W=43,95% Cl: -1.449t010.88). (b) Arm A, IL-8: median log2 fold change was 5.4
atDay7(n=11;p=0.0068, W =58,95% CI - 0.5781t010.08), 6.2 at Day 14 (n =11;
p=0.0068, W =58,95% Cl—0.5080t0 9.284), and 6.5 at Day 28 (n =10; p = 0.0137,
W =47,95% Cl - 0.7446 t010.34). (c) Arms B/C, IL-6: median log2 fold change
was1.2atDay 7 (n=20;p=0.0009, W=168,95% Cl1 0.3831t02.982),2.1at Day 14
(n=20;p=0.0006,W =172,95% C10.2600t05.009), and 1.3 at Day 28 (n =19;

Days post infusion

Days post infusion

p=0.0010, W =154, 95% Cl - 0.003611t0 3.658). (d) Arms B/C, IL-8: median log2
fold change was 3.2 at Day 7 (n=20; p=0.0001, W =186, 95% C11.027 t0 4.894),
4.3atDay14 (n=20;p=0.0003, W =178,95% C1 0.9175t0 7.867), and 4.0 at Day
28(n=20;p=0.0010, W =166, 95% CI - 0.06790 t0 5.201). (¢) Arms B/C, CCL2:
median log2 fold change was 0.15at Day 7 (n =20; p=0.12, W = 84, 95% CI - 0.06
t00.40),0.42atDay 14 (n =20; p=0.0192, W =124, 95% C1 0.1291 t0 1.324), and
-0.03atDay 28 (n=19; p>0.999,W=0, Cl - 0.2273 t0 0.3946). (f) Absolute IL-6
(left-most), IL-8 (middle left), CCL2 (middle right) and CXCL10 (right-most)
concentrations are shown as summary statistics for all samples at Day O
(baseline; n=31) and Days 7 (n =33),14 (n = 33), and 28 (n = 31) post-infusion.
Y-axes are shown on aloglO scale. The median across all participants at each
time pointis indicated by the solid dark gray line, with the 25th and 75th
percentiles represented by the nonuniformly dashed and uniformly dashed
lines, respectively. Participants who experienced SAEs at least possibly related
tothe TAA-T product are overlaid as individual data points at each time point for
reference (P27, pink; P42, blue). Arrows indicate the timing of SAE onset.
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Extended Data Fig. 5| See next page for caption.
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Extended DataFig. 5| Associations between plasmalL-6 and IL-8 concentrations
and adverse events. a-f) Maximum baseline-subtracted IL-6 and IL-8
concentration per patient from Days 7 to 28 by maximum AE grade (Grade 1,
Grade 2, >Grade 3) were plotted, with the bar representing the median, and

error bars the interquartile range. n = 31 total patients, with n = 11 patients with
maximum AE grade of 1, n = 11 patients with maximum AE grade of 2,andn=9
patients with amaximum AE grade of 3 +. Group differences were assessed

by Kruskal-Wallis tests with Dunn’s post hoc multiple comparisons testing.
Outliers were identified but were retained in the primary analyses shown here.
(a) AIL-6max difference was observed among groups (p = 0.0157; Kruskal-Wallis
statistic = 8.305), with asignificant difference between patients with grade 1
versus grade 2 maximum AE severity (adjusted p = 0.0127; mean rank difference =
-11.09;z =2.86). (b) AIL-8max difference was observed among groups (p = 0.043;
Kruskal-Wallis statistic = 6.293), with no significant differences between groups
(based on adjusted p values). c-f) Asterisks represent statistical significance
(*,p<0.05;*,p<0.01;**, p<0.001).c-d) Number of grade >2 TEAEs per patient
during the post-infusion safety monitoring period, stratified by peak plasma

IL-6 and IL-8 concentration through Week 4, and compared using a two-sided
Mann-Whitney U-test. Each point represents an individual patient; the bar,

the median; and error bars, the interquartile range. Outliers were identified
(ROUT, Q =1%) but were retained in the analyses shown here. (c) Patients with
peakIL-6 > 500 pg/mL (n = 6) experienced a higher number of grade >2 TEAEs
than those with IL-6 <500 pg/mL (n=27; p=0.0211, median 3.5vs 1.0, Hodges-
Lehmann median difference =3.0, 95.47% Cl of difference: 0.00 to 13.00).

(d) Patients with peak IL-8 > 500 pg/mL (n = 16) experienced a higher number of
grade >2 TEAEs than those with IL-8 < 500 pg/mL (n=17; p = 0.0036, median 2.5
vs 0.0; Hodges-Lehmann median difference =1.5,95.13% Cl of difference:1.00 to
4.00). e-f) Baseline-subtracted maximum IL-6 and IL-8 concentrations (pg/mL)
from Day 7 to Day 28 are shown for each patient, in patients who did (+) or did not
(-) experience a MP rash during the safety monitoring period, using a two-sided
Mann- Whitney U-test. Each point represents an individual patient; the bar, the
median; and error bars, the interquartile range. Outliers were identified (ROUT,
Q=1%) but were retained in the primary analyses shown here. (€) Maximum
AIL-6 in participants without versus with rash (n =26 vs. 5, p = 0.0007, Hodges-
Lehmann estimate of median difference -567.9, U = 8, 95.24% Cl of difference:
—-2957 to -383.4). (f) Maximum AIL-8 in participants without versus with rash
(n=26vs.5,p=0.0023, Hodges-Lehmann estimate of median difference -6787,
U=12,95.24% Cl of difference: -8672 to -704.8).
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A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

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

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

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

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

O0OX O O0OX OOOS

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

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

Software and code

Policy information about availability of computer code

Data collection  OpenClinica 3 Electronic Data Capture system, Microsoft Excel Version 16.101.3

Data analysis GraphPad Prism 10 (Dotmatics, Boston, MA), immunoSEQ software (Adaptive Biotechnologies), R version 4.4.2 (2024-10-31) -- "Pile of Leaves"
and R Studio Version 2024.09.0+375 (R packages: swimplot, ggplot2, knitr) (R libraries: swimplot, ggplot2)

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

Data

Policy information about availability of data

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

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

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

Source data are provided within this manuscript and in the supplementary files. However, any requests for additional or more specific information may be directed
at Eugene Hwang or Catherine Bollard. These requests will be evaluated and a response made within 7 days of request. The participant source data that support
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the findings of this study are not openly available due to privacy regulations, although de-identified clinical data (e.g., adverse event information) may be available
from the corresponding author upon request.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Neither sex nor gender was considered in the study design given the generally even distribution of disease. Sex was
determined based on either clinical parameters or self-report, and is included in aggregate in Table 1 by arm, in aggregate
across all treated participants within the Methods, and in disaggregate in the Source Data files. Patients were eligible
irrespective of their sex or gender. No sex- or gender-based analyses have been performed given the already small sample
sizes and existing heterogeneity among clinical factors in this phase | trial.

Reporting on race, ethnicity, or  Participant and/or their parent (when participant was a minor) self-reported their race and ethnicity. Of the 33 participants

other socially relevant treated on this trial, races were distributed as follows: 57.6% White (n=19), 12.1% Black (n=4), and 24.2% Other (n=8). No

groupings patients identified as Asian, American Indian, or Native Hawaiian/Pacific Islander. Race was unknown for 6.1% (n=2) of
patients. Regarding ethnicity, 84.9% (n=28) of patients were Non-Hispanic, while 12.1% (n=4) identified as Hispanic. Ethnicity
data was not available for 3.0% (n=1) of patients. Patients were eligible irrespective of their race or ethnicity.

Population characteristics Reported in Table | and Table II.

Recruitment From 18 September 2018 through 18 July 2024, patients were recruited by clinical investigators at Children's National
Hospital and also through referral from oncologists at other institutions. Patients did not receive any financial compensation
for participation in the trial.

Ethics oversight The clinical trial protocol (Pro00010463) was approved by the AAHRPP accredited Children’s National Hospital Institutional

Review Board (FWA00004487) and conducted under an Investigational New Drug application authorized by the U.S. Food
and Drug (IND 18059).

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

Field-specific reporting

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

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

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

Life sciences study design

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

Sample size For Arms A and B, sample sizes were pre defined based on a modified continual reassessment method (mCRM) statistical design, with
maximum enrollment of up to 8 patients at the MTD; accordingly, the planned maximum number of treated patients per arm was 16.
However, additional patients were enrolled beyond initial projections when manufacturing limitations prevented treatment of some
participants at their mCRM-assigned dose level. Arm C was designed as a lymphodepletion expansion cohort (i.e., not a dose finding arm)
with a planned enrollment of up to 10 participants. Treated sample sizes by dose level are provided below.
Arm A: DL1 n=3, DL2 n=5, DL3 n=3; Arm B: DL1 n=6, DL2 n=4, DL3 n=8; Arm C DL3 with lymphodepletive conditioning): n=4.
Arm C was discontinued prior to reaching its planned maximum sample size and Arm A was discontinued prior to expansion to 8 patients at
the MTD, both at the discretion of the IND sponsor and for reasons unrelated to safety.

Data exclusions | All data analyzed has been shown. Data exclusions are due to sample availability and sponsor discretion. Specifics have been described in the
manuscript in the results and method sections.

Replication ELIspot conditions were performed in duplicate or triplicate, ELLA cytokine/chemokine measurements performed in duplicate.
Randomization  No randomization was performed as this is a non-randomized early-phase trial.

Blinding No blinding was performed as this is a non-blinded early-phase trial.

Reporting for specific materials, systems and methods

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

n/a | Involved in the study n/a | Involved in the study
X Antibodies [] chip-seq
Eukaryotic cell lines |:| Flow cytometry
Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Clinical data
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N Plants
Antibodies
Antibodies used See the Online Methods section entitled "Characterization of TAA T cell products”. Within this section, the subsection "Flow
cytometry for TAA T cell product phenotyping" provides a complete listing of antibody information.
Validation All antibodies were commercially available and validated by the manufacturers with details available on the
manufacturers' websites.
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 = NCT03652545
Study protocol The trial protocol is provided at the end of the Supplementary Information.

Data collection All data was collected at Children's National Hospital from 18 September 2018 through the cut-off date of 01 January 2026. The last
enroliment was 18 July 2024.

Qutcomes To determine safety, including describing toxicities and determining the maximum tolerated dose (MTD), and feasibility. Secondary
objectives included the following: overall survival, progression-free survival, and radiographic objective response measured by MRI.
These are described in more detail in the Results and the provided protocol.

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A

Flow Cytometry

Plots
Confirm that:
|:| The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|:| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|:| All plots are contour plots with outliers or pseudocolor plots.

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




Methodology

Sample preparation See the Online Methods section entitled "Characterization of TAA T products". Within this section, the subsection "Flow
cytometry for TAA T cell product phenotyping".

Instrument 6-color BD Canto (BD Biosciences) and 8-color CytoFLEX (Beckman Coulter)
Software FlowJo™ Software (BD Life Sciences)

Cell population abundance CD3+ T cells (CD3+CD45+ out of CD45+)

Gating strategy Cells > Live Cells > CD45+ > CD3+CD45+

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

Experimental design

Design type Clinical neuroimaging studies performed as part of standard of care (non-experimental).
Design specifications Clinical neuroimaging studies performed as part of standard of care (non-experimental).

Behavioral performance measures  N/A

Acquisition
Imaging type(s) Structural and diffusion MRI
Field strength 1.5 Tesla

Sequence & imaging parameters T1-weighted (pre- and post-contrast), T2-FLAIR, diffusion-weighted imaging (DWI). Images for P41 included in Figure 4E
are T1-weighted post contrast, and in Supplementary Data Figure 1 are T2-FLAIR and DWI.

Area of acquisition Brain (+/- spine, when indicated)

Diffusion MRI X Used [ Not used

Parameters | Specify # of directions, b-values, whether single shell or multi-shell, and if cardiac gating was used.

Preprocessing

Preprocessing software N/A
Normalization N/A
Normalization template N/A
Noise and artifact removal N/A
Volume censoring N/A

Statistical modeling & inference

Model type and settings N/A
Effect(s) tested N/A

Specify type of analysis: [ | whole brain [ | ROI-based || Both
Statistic type for inference N/A

(See Eklund et al. 2016)

Correction N/A




Models & analysis

n/a | Involved in the study
|:| Functional and/or effective connectivity

IZ |:| Graph analysis

|:| Multivariate modeling or predictive analysis
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