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ACT: Adoptive Cell Therapy

Ag-scaffolds: Antigen-presenting Scaffolds

APC: Antigen Presenting Cell

aAPC: Artificial Antigen Presenting Cell

CTCAE: Common Terminology Criteria for Adverse Events
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FDA: United States Food and Drug Administration

HLA: Human Leucocyte Antigens
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MHC: Major Histocompatibility Complex

PD: Progressive Disease

PR: Partial Response
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REP: Rapid Expansion Protocol

SD: Stable Disease

TAA: Tumor-associated antigen
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107 TCR: T cell receptor

108  TIL: Tumor Infiltrating Lymphocytes
109  TNF: Tumor necrosis Factor

110 Treg: Regulatory T cell

111

112 Abstract

113  Background: Tumor infiltrating lymphocyte (TIL) therapy is effective in metastatic melanoma,
114  but the need for resectable tumor tissue limits its accessibility. Antigen-presenting scaffolds
115  (Ag-scaffolds) are developed for the specific expansion of tumor-associated antigen (TAA)-
116  specific T cells directly from peripheral blood. Ag-scaffolds are built on a dextran backbone
117  with co-attached interleukin 2 (IL-2), interleukin 21 (IL-21), and MHC I molecules loaded with
118  the top 30 most frequently expressed TAAs in melanoma patients. The resulting multiple

119 antigen-specific endogenously derived T cell (MASE-T) infusion product is characterized by

120 increased CD8+ TAA-specific T cells. We hypothesize that treatment with MASE-T therapy is
121  safe and feasible in patients with immune checkpoint inhibitor (ICI)-resistant metastatic

122 melanoma.

123 Methods: In this phase I, first-in-human, clinical trial, six patients with ICI-resistant

124  melanoma were treated with MASE-T cells preceded by three days of lymphodepleting

125  chemotherapy with cyclophosphamide and fludarabine phosphate.

126  Results: MASE-T cells were successfully expanded in 88% (7/8) of the included patients and
127  most MASE-T products were enriched for T cell populations targeting multiple TAAs.

128  Administration of MASE-T therapy was safe with no MASE-T-related toxicities. Clinical efficacy
129  was limited, with three out of six (50%) of patients having stable disease six weeks post

130 treatment.

131  Conclusions: This trial demonstrates that Ag-scaffold-driven expansion of TAA-specific T cells

132 from the peripheral blood of patients with melanoma is feasible and the resulting MASE-T
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133  infusion product can be safely administered. However, further development is required to

134  unleash the full potential of this technology.

135 Trial registration: Clinicaltrials.gov NCT04904185, registered 22.05.2021.

136

137 What is already known on this topic: Antigen-presenting scaffolds (Ag-scaffolds)

138  represents a novel artificial antigen presenting cell (aAPC) technology designed to specifically
139  expand tumor-specific T cells from peripheral blood mononuclear cells (PBMCs). Although Ag-
140 scaffold technology has shown promising results in preclinical studies, its application in a large-
141  scale clinical setting remains unexplored.

142  What this study adds: This study demonstrates the clinical applicability of the Ag-scaffold
143  technology in patients with metastatic melanoma. The resulting multiple antigen-specific

144  endogenously derived T cell (MASE-T) infusion product can be safely administered with no

145  MASE-T related adverse events observed.

146  How this study might affect research, practice or policy: This study demonstrates the
147  potential of the Ag-scaffold technology to expand low-frequent CD8+ tumor-specific T cell

148  populations directly from peripheral blood. This proof of concept suggest that the Ag-scaffold
149  technology could serve as a future alternative to treatment with tumor infiltrating lymphocytes
150 (TILs) for patients not eligible for TIL therapy.

151

152 Background

153  Adoptive cell therapy (ACT) with tumor-infiltrating lymphocytes (TILs) was recently approved
154 by the United States Food and Drug Administration (FDA) for the treatment of cutaneous

155 metastatic melanoma resistant to immune checkpoint inhibitor (ICI) therapy(1). In parallel,
156  the first randomized phase 3 trial of TIL therapy in melanoma, demonstrated superior

157  progression-free survival compared to ipilimumab, further supporting the clinical potential of

158  TILs(2). Despite its proven efficacy, the number of patients eligible for TIL therapy is limited
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159 by the need for accessible tumor tissue, the risk of unsuccesfull TIL outgrowth and the highly
160  toxic pre- and post-conditioning regimens.

161  Expansion and/or modification of T cells from peripheral blood has gained growing

162  attention(3), and constitutes an attractive non-invasive alternative to tumor resection. In

163  support, it is reported that circulating tumor neoantigen-reactive CD8+T cells can be detected
164  in the peripheral blood of patients with metastatic cancers(4). However, circulating

165 endogenous tumor-reactive T cells are rare. Artificial antigen-presenting cells (aAPCs) to

166  selectively expand tumor-specific T cells represent an attractive and cost-effective strategy to
167 expand such T cells and numerous technologies have been developed over the past

168  decades(5,6). These include cellular aAPCs, derived from established animal or human

169  malignant cell lines, and acellular approaches using microbeads or nanoparticles for ex vivo
170  expansion(7). Their use is limited by the need to remove the allogenic component or beads
171  post-expansion, providing additional stress and handling to the final T cell product. To

172  overcome these challenges several biomaterial-based aAPCs have recently been developed,
173  many of which represent complex structures and include biomaterials with no previous records
174  of clinical use(7).

175 We have developed a novel, simple, and easily modifiable aAPC technology(8). This technology
176  is developed for selective expansion of low frequent antigen-specific T cell populations directly
177  from peripheral blood(8). Antigen-presenting scaffolds (Ag-scaffolds) comprise streptavidin-
178  conjugated dextran backbone on which biotinylated molecules can be attached. Dextran is

179 already widely used in clinical settings as it has the attractive feature of being

180 biodegradable(9). Accordingly, Ag-scaffolds are degraded in the culture when used for T cell
181  expansion, with no removal step prior to clinical use required. Peptide-major histocompatibility
182  complex (pMHC) are attached to the Ag-scaffold together with interleukins 2 and 21 (IL-2 and
183 IL-21), which allows for the selective stimulation of specific T cells recognizing the given

184 pMHC(8).

185 In the present study, we used Ag-scaffolds to expand circulating T cells specific to a selection

186  of 30 shared human leucocyte antigens (HLA)-A*02:01-restricted tumor
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187  associated antigens (TAAs) in melanoma. The peptides were selected as the 30 most

188  frequently detected TAA-specific T cell populations in a cohort of HLA-A*02:01-positive

189 melanoma patients (n = 87), in which 80% showed reactivity to at least one of the 30 selected
190 peptides(8). The Ag-scaffold technology enables the simultaneous expansion of numerous

191  antigen-specific T cell populations from a single sample. In a cohort of HLA- A*02:01-positive
192  patients with metastatic melanoma, Ag-scaffolds were shown to expand TAA-specific T cells
193 from more than 60% of the patients. The resulting multiple antigen-specific endogenously

194  derived T cell (MASE-T) product showed reactivity when challenged with cognate antigen and
195  killing capacity when co-cultured with established melanoma cell lines(8).

196 In this, first-in-human phase I clinical trial, six patients with ICI-resistant metastatic

197 melanoma were treated with a single MASE-T infusion, following three days of pretreatment
198  with lymphodepleting chemotherapy consisting of cyclophosphamide and fludarabine

199 phosphate. The primary endpoint was the safety and feasibility of the treatment, while

200 secondary endpoints included clinical efficacy, characterization of the MASE-T infusion product
201  and the in vivo persistence of the MASE-T cells.

202

203 Methods

204 Pre-screening and screening procedures

205  Criteria for inclusion and exclusion are listed in Supplementary Paragraph S1. All referred

206  patients were pre-screened for HLA-A*02:01-positivity by flow cytometry performed on a

207  single blood test and only HLA-A*02:01-positive patients continued with the screening

208  procedures. Positive results were later confirmed by PCR. HLA-A*02:01-positive patients were
209 tested for the presence of TAA-specific CD8+T cells by incubating PBMCs with PE/APC-labeled
210  tetramers loaded with the 30 selected melanoma TAA peptides (Supplementary Table S1) for
211 15 min. at 37°C in the presence of 50nM dasatinib to inhibit TCR internalization. The

212  generation of pMHC and tetramers is described in Supplementary Paragraph S2A. Following

213 tetramer-staining, cells were stained with live/dead marker (LIVE/DEAD Fixable Near-IR,


https://doi.org/10.1101/2025.07.02.25330108

medRxiv preprint doi: https://doi.org/10.1101/2025.07.02.25330108; this version posted July 3, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

214 Invitrogen 2451278) and antibodies towards the surface markers CD3 and CD8 at 4°C for 30
215  min (Supplementary Table S2). Only patients with an identifiable population of tetramer-

216  positive T cells (>0.002% of CD8+cells identified by at least 10 events) were included in the
217  trial. Finally, inclusion criteria were adjusted for the last two included patients to only include
218  patients with a CD8+T cell frequency >10%.

219

220 MASE-T expansion

221  The assembly of the Ag-scaffolds is illustrated in Figure 1A and described in Supplementary
222  Paragraph S2B. The Ag-scaffolds underwent further identity testing as detailed in

223 Supplementary Paragraph S2C.

224  For MASE-T production peripheral blood mononuclear cells (PBMCs) were isolated from 300 mL
225  peripheral blood using Lymphoprep (Stemcell Technologies®) density gradient centrifugation
226  on day 0. PBMCs were transferred to a G-Rex 100system (Wilson-Wolf) and grown in X-VIVO
227 15 media (Lonza) containing 5% heat-inactivated human AB serum (Sigma), antibiotics

228  (Gentamicin/Amphotericin, Thermo Fisher Scientific) and Ag-scaffolds (0.16 nM prefiltration).
229 During the 14-day expansion period, the cell culture was supplemented with fresh media and
230 Ag-scaffolds on day 3, 6, and 9.

231  The MASE-T culture was assessed for the presence of TAA-specific CD8+T cells by tetramer-
232 staining on day 9. An expansion fold of >5 was required for the patients to proceed with

233  hospital admission and initiation of lymphodepleting chemotherapy, whereas upon an

234  expansion fold <5, the expansion was extended with one additional stimulation on day 12 and
235 infusion on day 17 (given an expansion fold >5 on day 12) (Figure 1B). On day 14, cells were
236  harvested, resuspended in NaCl and 2.5% human serum albumin (CLS, Bering) and

237  immediately administered to the patient (Figure 1B and 1C).

238

239

240
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241  Treatment Schedule

242  The treatment schedule is outlined in Figure 1C. Included patients were subjected to a blood
243  draw (300 mL) performed in an outpatient setting in a 450 mL blood bag (Fresenius Kabi). The
244  blood was transported directly to the clean room facility for immediate isolation of PBMCs and
245  subsequent stimulation with Ag-scaffolds. Nine days post blood draw, the patient was admitted
246  for lymphodepleting chemotherapy with three and two administrations of cyclophosphamide
247 (500 mg/m2, days -4, -3, and -2) and fludarabine phosphate (30 mg/m?, days -4 and -3),

248  respectively. The final MASE-T product was infused on day 0 followed by administration of

249  pedfilgrastim (6 mg). The patients did not receive postconditioning IL-2. Patients were

250 discharged when deemed clinically safe by the treating physician. After discharge, patients

251  were clinically evaluated on day 21, while the first response evaluation was performed six

252  weeks post MASE-T therapy.

253  The primary endpoints were to assess the safety and feasibility of the treatment evaluated by
254  Common Terminology Criteria for Adverse Events (CTCAE) version 5.0(10). Secondary

255  endpoints included characterization of the T cell profile, persistence of the infused MASE-T cells
256 in vivo, and clinical efficacy evaluated as Best Overall Response (BOR) according to RECIST
257 1.1, Progression Free Survival (PFS) and Overall Survival (0S).

258  The trial was scheduled to include 12 patients. However, it was decided to terminate it

259  prematurely for further cell product optimization.

260

261 Phenotyping of MASE-T products and PBMCs

262  Phenotypic characterization of the MASE-T infusion products and PBMCs is described in

263  Supplementary Paragraph S3A.

264

265 Intracellular cytokine staining

266  Tumor reactivity of MASE-T infusion products and YT was assessed by intracellular cytokine

267  staining as described in Supplementary Paragraph S3B.

10
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268 Data collection and data analyses

269  Patient enrollment and treatment as well as data collection was conducted at the National
270  Center for Cancer Immune Therapy, Department of Oncology, Herlev Hospital, Denmark,
271  Study data were collected and managed using Research Electronic Data Capture (REDCap)
272 electronic data capture tools hosted at Region Hovedstaden(11,12).

273 Analyses of clinical data were performed in R Studio (version 4.3.2). The packages used for
274  data analyses were; ggplot2(13), ggsurvfit(14), tidiverse(15) and gt(16). Translational data
275  was evaluated using GraphPad version 10. The flow cytometry data, including Umap and

276  FlowSOM analysis, was performed using FlowJo™ version 10 software (BD Life sciences)(17-
277  19). Statistics: Data cut-off was April 25, 2025. Survival curves were calculated using the
278  Kaplan-Meier method. Correlation analysis for the comparison of characteristics of MASE-T
279  products belonging to the two RECIST categories, progressive disease (PD) and stable disease

280  (SD) were performed using two-sample T test.

281

282 Results

283 Generation of MASE-T products for patients included in the trial

284  The Ag-scaffold pool used for the generation of the MASE-T products was validated and

285  stability tested as described in Supplementaray Paragraph $S4 and illustrated in Supplementary
286  Figures S1A-C and S2A-C.

287 A total of 21 patients with stage IV, ICI-resistant metastatic melanoma entered the trial

288  screening procedures between August 2021 and March 2024 (Figure 2A). Of these, 13 patients
289  were HLA-A*02:01-positive based on antibody-based HLA-typing (Supplementary Figure S2D)
290  and twelve had an identifiable baseline population of TAA-specific T cells, making them eligible
291  for inclusion (Supplementary Figure S2E). However, four of the twelve patients were excluded
292  before MASE-T production due to CNS metastases (MM2011.03), rapid cancer progression

293  (MM2011.08 and 17), or difficulties with the blood draw (MM2011.07). One patient was

294  excluded after MASE-T production due to a delayed response to prior treatment (MM2011.13)

11
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295  (Figure 2A). The first included patient (MM2011.02), was excluded due to challenges with the
296  culture conditions, and despite extending the expansion period, the expansion criterion was
297 not met on day 12. This prompted an evaluation and optimization of the expansion procedure,
298 including an increase in culture vessel capacity. The revised setup supported higher cell

299 numbers at culture initiation and resulted in improved expansion of virus-specific T cells from
300 healthy donor PBMCs (Supplementary Figure S2F). Following optimization, patient MM2011.02
301  was re-included (MM2011.04), resulting in successful infusion of MASE-T cells (Figure 2A).

302 Thus, MASE-T expansion was feasible in 88% (7/8) of the patients in the intention-to-treat

303 group, and after optimization, MASE-T expansion was feasible in all the patients (7/7), of

304  which six received the treatment. All six MASE-T products passed the expansion criteria on day
305 9 (fold expansion >5 of TAA-specific CD8 T cells) and all patients received the product after 14
306 days of expansion (Supplementary Figure S3A).

307 Baseline characteristics of the six treated patients are shown in Figure 2B. The median age was
308 61 years (range: 28-75 years). Four patients had stage M1c disease with organ metastases
309 (liver, lung, intestine, or adrenal glands), and two patients had stage M1d disease (brain

310 metastases). Individual patient characteristics are shown in Supplementary Figure S3B.

311  Overall, patients were heavily pretreated with a median of 3.5 prior treatment lines (range: 1-
312  4). All patients had PD1-inhibitor resistant disease and 5/6 had previously received ipilimumab.
313  Three patients had BRAF V600-mutated tumors and had progressed on BRAF/MEK inhibitor
314  therapy. Further, two patients (MM2011.04 and MM2011.10) had received Temozolomide

315 before inclusion in the trial. Notably, the frequency of CD8+T cells decreased markedly

316  between the initial inclusion of MM2011.02 and expansion day 0 (Day -14) of MM2011.04 (i.e,
317  the re-included patient MM2011.02), suggesting a lymphodepleting effect of Temozolomide
318  (Supplementary Figure S3C). Supporting this observation, patient MM2011.10 also exhibited a
319 relatively low frequency of CD8+T cells at inclusion (Supplementary Figure S3D), which

320 partially recovered in both patient MM2011.04 and patient MM2011.10 prior to MASE-T

321  infusion (Supplementary Figure S3E).

12
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322  The MASE-T products from the six treated patients were quantified and tested for CD8+and
323  TAA-specific T cells on days 0, 9 and 14. As expected, Ag-scaffold-expansion led to the

324  enrichment of both CD8+and TAA-specific T cells in all products over the 14-day expansion
325  period, with patients MM2011.11 and MM2011.21 exhibiting the most pronounced expansion
326  of TAA-specific T cells (Figure 2C). The number of PBMCs added to the cultures ranged from
327  200-600*10° and this number either decreased or remained stable in most cultures, indicating
328 limited expansion of irrelevant T cells (Figure 2C). Patients received a median of 615.5*%10°
329 (range: 146.1-20790%10°) TAA-specific CD8+T cells, corresponding to a median of 9.1*10°
330 (range: 1.6-219.5*10%) TAA-specific CD8+T cells per kg body weight (data not shown). To
331 identify the expanded TAA-specific T cell populations we analyzed the MASE-T products using
332 combinatorial-encoded tetramer staining (Supplementary Figure S1B). In most patients (5/6),
333  multiple TAA-specific T cell populations were detectable in the final product with a median of
334  four populations per patient (range: 1-6) (Figure 2D).

335

336 MASE-T treatment tolerability and clinical efficacy

337  Overall, MASE-T treatment was well-tolerated with no registered serious adverse events

338  (SAEs) and no suspected expected serious adverse reactions (SUSARs). Further, no AEs

339  occurred in relation to the MASE-T infusion (Figure 3A). All patients experienced AEs related to
340 the chemotherapy, with all developing grade 4 lymphopenia. Half of the patients developed
341 neutropenia, including three cases of grade =3 neutropenia. Additionally, one patient

342  experienced grade 3 anemia. The median admission time was nine days (range: 8-13).

343  All six MASE-T-treated patients were evaluable for clinical response; three had PD on the first
344  scan performed six weeks after MASE-T infusion, while the remaining three patients had SD as
345  BOR (Figure 3B). In one patient (MM2011.06), SD was confirmed on the second scan three
346 months post-treatment, but the patient developed PD after 4.2 months. Only one patient

347 (MM2011.05) demonstrated a minor decrease in tumor burden (6%). Accordingly, the median
348 PFS was 69 days, while median OS was 394 days (Figure 3C-D). Five of the six MASE-T-

349 treated patients received subsequent therapy following MASE-T treatment (Supplementary
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350  Figure S3F). Notably, two patients (MM2011.06 and MM2011.11) underwent TIL therapy with
351 lymphodepletion and post-conditioning IL-2 after MASE-T, with one patient (MM2011.11)

352  achieving a partial response (PR). The remaining patients did not respond to any treatment
353 administered after MASE-T therapy, and at data cut-off, four of the six patients had deceased.

354

355 MASE-T product characteristics and correlation to best overall response

356  Due to the limited number of patients, comparison of MASE-T product characteristics between
357 the two RECIST categories, PD and SD (Figure 4A-B and Supplementary Figure S4A-B) should
358 be interpreted with caution. Interestingly, MASE-T products from patients with PD tended to
359 exhibit higher viable cell counts, greater total numbers of TAA-specific T cells, and a broader
360 range of TAA specificities compared to those from patients with stable disease (Figure 4A). In
361 contrast, products from patients with SD did exhibit a lower frequency and reduced expression
362 of PD-1 among expanded TAA-specific T cells compared to those from patients with PD (Figure
363  4B). Expression levels of CD28, CD39, TCF-1, KI67, and GZMB, assessed by both mean

364  fluorescence intensity (MFI) and the frequency of marker-positive TAA-specific cells, indicated
365 an active cytotoxic and proliferative profile. However, no significant differences were observed
366  between patients with PD and those with SD (Supplementary Figure S4A-B).

367 Based on CD45RA-CCR7 characterization, most expanded TAA-specific T cells were of the

368 effector memory (EM) T cell subtype in all MASE-T products (Figure 4C).

369 To assess the persistence of the infused MASE-T products, the frequency of TAA-specific T cells
370 in peripheral blood (Figure 4D) was measured. Analyses at one- and three-weeks post-ACT
371  were compromised by lymphodepletion, which led to a marked reduction in circulating

372  lymphocytes (Supplementary Figure S4C). Although the lymphocyte population, and in

373  particular CD8+T cells, gradually recovered over time, levels did not return to those observed
374  prior to lymphodepletion (Figure 4E and Supplementary Figure S4D). Despite the effect of

375 lymphodepletion, TAA-specific T cells remained detectable in the peripheral blood of five out of

376  six patients at six weeks post MASE-T infusion (Figure 4D). In two patients (MM2011.06 and
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377 MM2011.11), the frequency of TAA-specific T cells was sufficient to permit phenotypic analysis.
378 These analyses revealed that the expanded TAA-specific T cells within the MASE-T product

379 displayed a distinct phenotypic profile compared to those in peripheral blood, and appeared to
380 gradually revert toward their pre-expansion phenotype over the course of 3-18 weeks post

381 infusion (Supplementary Figure S4D).

382

383 Comparison of MASE-T and TIL products from patients receiving TIL therapy
384 following MASE-T treatment

385  Two patients (MM2011.06 and MM2011.11) received TIL therapy following MASE-T treatment.
386 At cancer progression 18 weeks after MASE-T infusion, patient MM2011.06 was re-treated with
387 a BRAF/MEK inhibitor but experienced progression again after eight months. Subsequently, the
388  patient was referred to TIL therapy and received TIL therapy with 55.7x10° cells 19 months
389  post MASE-T infusion (Supplementary Figure S3F). Unfortunately, the patient progressed

390 shortly after TIL infusion and died 23 months post MASE-T therapy. In contrast, patient

391 MM2011.11 progressed immediately after MASE-T therapy and was referred for TIL treatment,
392  with tumor resection performed five months after MASE-T therapy. TIL treatment with

393 36.9x10° cells was administered eight months post MASE-T resulting in a PR that lasted for
394  more than one year (Supplementary Figure S3F).

395  For these two patients, we performed phenotypic profiling of the MASE-T infusion product, the
396 expanded TIL (REP-TIL) infusion product and, for patient MM2011.11, also the young TILs

397  (yTIL) cultured directly from a tumor biopsy obtained prior to MASE-T therapy. All products
398  consisted mainly of CD3* T cells (Supplementary Figure S5A), however, the distribution of

399 CD4+and CD8+T cells varied. In patient MM2011.06, the REP-TIL product consisted almost
400  exclusively of CD4+T cells, whereas the MASE-T product was mainly CD8+T cells (Figure 5A).
401  In patient MM2011.11, the yTIL from the pre-MASE-T biopsy were predominantly CD8+T cells ,
402  whereas the MASE-T and the REP-TIL infusion product contained 40% and 20% CD4+T cells,

403  respectively (Figure 5B). Among the CD4+T cells, the REP-TIL products exhibited a higher
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404  frequency of FoxP3* regulatory T cells (Tregs) compared to their corresponding MASE-T

405  products, which was further supported by increased expression of the proliferation marker ki67
406  on the regulatory T cell (Treg) population (Supplementary Figure S5B). This may reflect the
407  influence of IL-21 during MASE-T expansion, as IL-21 has been shown to suppress IL-2-

408 induced Treg expansion(20).

409  As previously shown, only a limited fraction of the CD8+T cells in both the MASE-T and TIL
410 products from patient MM2011.06 were specific for the Ag-scaffold-targeted TAA epitopes

411  (Figure 5C). In contrast, the MASE-T product from patient MM2011.11 contained a substantial
412  population of TAA-specific CD8* T cells (~20%), predominantly targeting MART-1 (Figure 5D
413  and Figure 2C-D). Interestingly, this patient also exhibited a ~5% TAA-specific T cell

414  population in the REP-TIL product, which may have been influenced by the preceding MASE-T
415 infusion (Figure 5D). However, MART-1-specific T cells were also detected in TILs expanded
416  from a biopsy obtained prior to MASE-T therapy (Figure 5D and Supplementary Figure S5C).
417  Furthermore, a circulating TAA-specific T cell population of approximately 2% was present at
418 inclusion, indicating that the patient had both circulating and tumor-infiltrating MART-1-specific
419 T cells prior to receiving MASE-T treatment (Supplementary Figure S2E).

420 The functional capacity of the products from these two patients was evaluated. For patient
421  MM2011.06, only tumor digest was available for functional assessment due to unsuccessful
422  establishment of a TCL. In co-culture assays, both the MASE-T and REP-TIL products exhibited
423  low reactivity, as indicated by the limited frequency of T cells co-expressing both TNF, IFNy
424 and CD107a in response to the tumor digest (Figure 5E). The slightly higher reactivity in the
425  REP-TIL product may be mediated by other tumor specificities than those targeted by the Ag-
426  scaffold (Figure 5E). In general, a higher frequency of tumor-reactive T cells was observed in
427  the yTIL, MASE-T and REP-TIL product from patient MM2011.11 upon co-culture with TCL and
428  digest, reflecting the frequency of TAA-specific T cells found in the products (Figure 5D and
429  5F). However, co-culture with a TCL preincubated with IFNy markedly enhanced the reactivity
430  of the REP-TIL product, suggesting that IFNy may induce the presentation of alternative

431  antigens on the TCL that were specifically recognized by the REP-TIL product (Figure 5F).
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432  Additionally, the highest reactivity was observed in the yTILs, independent of IFNy-stimulation,
433  suggesting that these recognises a more diverse antigen repertoire.

434  Finally, a phenotypic characterization of the MASE-T and TIL products was performed on total
435  CD8+T cells from patients MM2011.06 and MM2011.11, as well as on TAA-specific T cells from
436  patient MM2011.11. FlowSOM analysis revealed that both total CD8+and TAA-specific T cells in
437  the MASE-T and REP-TIL products clustered into distinct phenotypic groups (Figure 5G and H).
438  CD8+T cells and TAA-specific T cells in the MASE-T products were predominantly associated
439  with a cluster characterized by low expression of exhaustion markers including CD39, Tox,

440 PD1, LAG3 and Tim-3. In contrast, the dominating cluster in the REP-TIL products exhibited
441  higher expression of these markers (Figure 5G and H and Supplementary Figure S5D).

442

443 Discussion

444  The FDA approval of TIL therapy for metastatic melanoma marks an essential step in the

445  development of cellular therapies for solid tumors. However, while TIL treatment can be highly
446  effective and provide long-lasting responses, most patients are still not eligible or fail to

447  respond to therapy(2,21). The need for resectable tumor tissue constitutes a significant

448 limitation, particularly in cancers that seldom metastasize to skin or lymph nodes. Even when
449  resection is feasible, unsuccessful TIL outgrowth from tumor biopsies remains a frequent

450 challenge, preventing product generation in a subset of patients. Furthermore, the process of
451  tumor resection, TIL expansion, and subsequent infusion is logistically complex and time-

452  consuming, often requiring several weeks - a major issue for patients with rapidly progressing
453  disease. Thus, there is a need for alternative expansion strategies to increase the accessibility
454  and efficacy of ACT in solid tumors.

455  From a logistical perspective, MASE-T therapy represents an attractive alternative to traditional
456  TIL therapy. Blood draw is possible from almost any patient and can be performed without

457  laborious planning. Furthermore, it is @ minimally invasive procedure with a low complication

458  rate(22). Using the Ag-scaffold technology, expansion of TAA-specific T cells from peripheral
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459  blood was feasible in all included patients, providing a T cell product containing multiple

460 expanded endogenous TAA-specific T cell populations. Even in patients with a limited

461 frequency of TAA-specific T cells at baseline we achieved an expansion fold of at least six on
462  expansion day 14, demonstrating the potential of the Ag-scaffold technology to capture also
463  very low frequent cell populations.

464  Infusion of the MASE-T product did not give rise to any AEs, indicating that the treatment was
465  well tolerated and safe. Toxicities were almost exclusively related to the chemotherapeutical
466  regimen used for lymphodepletion, which was achieved in all patients,. All AEs related to the
467 chemotherapy were manageable and most were mild. Thus, compared to conventional TIL
468 therapy, MASE-T treatment has an attractive toxicity profile, likely due to the dose-reduced
469 chemotherapy and lack of IL-2 post-conditioning. While preconditioning lymphodepletion

470  serves several purposes, including eradication of Tregs, removal of cellular cytokine sinks(23),
471  and to create physical space for the infused TIL product(24), post-conditioning IL-2

472  administration enhances the anti-tumor response by increasing in vivo persistence and

473  activation of the infused cells(25). Thus, the reduced pre- and post-conditioning regime may
474  reduce the persistence of the infused MASE-T product and could potentially limit the clinical
475  response.

476  In addition to the potential impact of the reduced pre- and post-conditioning regime, several
477  additional factors may have contributed to the limited clinical efficacy of MASE-T therapy. The
478  patient population was characterized by advanced- disease stages (M1c-d), high tumor

479  burden, and a high number of prior treatment lines (median: 3.5), all of which are factors
480 known to negatively impact response to TIL therapyare(26-28).

481  Two patients (MM2011.04 and MM2011.10) received Temozolomide shortly before MASE-T
482  treatment. While Temozolomide is known to induce lymphopenia, its specific impact on the
483  CD8+T cell compartment remains unclear(29). Nevertheless, both patients displayed a low
484  proportion of CD8+T cells in peripheral blood at the time of MASE-T, suggesting that

485 Temozolomide may reduce the availability of CD8+T cell precursors necessary for robust TAA-

486  specific MASE-T expansion. Finally, the poor prognosis of the included patients is further
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487 illustrated by the fact that five out of six patients did not respond to any other therapy

488  administered post MASE-T therapy.

489

490  The absolute number of infused MASE-T cells (median 504x10°, range: 130-2200x10°) was
491  significantly lower than the number typically reported in TIL therapy (range: 1-110x10°)(2,21),
492  where a high number of infused cells and, in particular, a high number of CD8+ T cells has
493  been correlated with a favorable response across tumor subtypes (26,30,31). In CAR-T

494  therapy, a working dose of 20-50x10° cells is often sufficient to elicit clinical responses, even
495 in patients with a relatively high tumor burden(32). However, these dosing guidelines are

496  primarily based on hematological malignancies, where CAR-T cells can readily access

497  malignant cells in the circulation or bone marrow without needing to traffic to solid tumor sites
498  or overcome an immunosuppressive tumor microenvironment. In addition to the absolute

499 number, the number of adoptively transferred tumor-specific T cells predicts efficacy in clinical
500 ACT studies(30,31). Despite Ag scaffold-directed enrichment for TAA-specific CD8+ T cell

501  specificities, the MASE-T product contained a limited number of TAA-specific cells with a

502 median of 9x103 (range: 1.6-219x10°) TAA-specific cells/kg body weight. In comparison, the
503 number of tumor reactive CD8+ T-cells in TIL products from responding patients often exceeds
504  1x108 cells(30). Thus, considering the high tumor burden in the included patients, the MASE-T
505 cells may have been too few to make a difference. However, not only the absolute cell count,
506  but also the phenotype of the tumor-specific T cells is of importance for the outcome(33,34).
507  Most of infused MASE-T cells displayed an effector memory phenotype, consistent with

508 previous observations in TIL therapy. In contrast, the REP-TIL product from patients

509 MM2011.06 and MM2011.11 had a higher frequency of T-regs with elevated Ki67 expression,
510 likely reflecting the extensive stimulation involved in the expansion of TILs.

511  Phenotypic comparison of the MASE-T and REP-TIL products from patients MM2011.06 and
512 MMZ2011.11 revealed that the infused MASE-T cells (both total CD8+and TAA-specific)

513  exhibited a less exhausted phenotype. These cells were predominantly characterized by lower

514  expression of CD39 and other exhaustion markers compared to the majority of cells in the
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515  corresponding REP-TIL products. Despite these phenotypic differences, the in vitro responses
516  of the MASE-T and REP-TIL products to stimulation with TCL without IFNy and with tumor

517  digest largely reflected the frequencies of TAA-specific cells in the products. This suggests that
518 the phenotypic differences may be more relevant to other functional properties, such as in vivo
519  persistence, rather than antigen-specific responsiveness.

520 The success of any aAPC strategy depends on the antigen(s) selected for T cell stimulation.
521 Neoantigens are attractive because they are not expressed by healthy tissue. However,

522  prediction and identification of immunogenic patient-specific neoantigens require access to

523  tumor and healthy tissue, high-performing prediction algorithms, and high-throughput pMHC-
524  driven T cells screening, which collectively is both time-consuming and expensive(35).

525 Targeting TAAs constitutes a simpler and cheaper alternative. TAAs are attractive targets for
526  immunotherapies since they are shared among patients with cancer, allowing off-the-shelf

527  therapies, rather than cumbersome personalized solutions(36).Supporting the relevance of
528 targeting TAAs in melanoma, TCR-transduced T cells from peripheral blood targeting different
529 TAAs, including MART-1, have demonstrated clinical efficacy in melanoma patients(37,38).
530 However, T cells genetically modified to express a high-affinity TAA-specific TCR can cause

531 severe on-target-off-tumor toxicity, which has been observed in several clinical trials with

532  different TAA targets(37,39,40). Endogenous TAA-specific T cells do not carry the same risks,
533  since their TCRs have undergone negative selection in the thymus and do not react to the

534  limited TAA expression in normal tissues. However, their low affinity may also explain the

535 disappointing results of vaccine trials targeting TAAs(41). Nevertheless, endogenous TAA-

536  specific T cells are frequently found in TIL infusion products from patients with melanoma and
537  can mediate tumor cell killing(42-44). In the present study, patient MM2011.11 had a high
538 frequency of endogenous MART-1-specific T cells in both peripheral blood and a tumor biopsy
539 drawn prior to MASE-T treatment. However, the patient experienced progression at the time of
540 inclusion, suggesting that either the tumor had downregulated MART-1 expression, or that the
541 immunosuppressive TME prevented efficient tumor targeting. Supportively, the patient did not

542  respond to a MASE-T product containing >20% Ag-scaffold-expanded MART-1-specific T cells.
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543  Notably, the MASE-T product showed in vitro reactivity when co-cultured with an autologous
544  TCL and tumor digest, suggesting that the tumor continued to express the MART-1 antigen.
545  Furthermore, the reactivity towards autologous TCL and digest seems to correlate with the
546  frequency of MART-1-specific T cells in the young TILs, MASE-T, and TIL products.

547

548 A limitation of the Ag-scaffold technology is that it requires pre-selection of the T cell

549  specificities to target for expansion. This contrasts with TIL therapy, which exploits the tumor
550 as a source of tumor-specific T cells. Thus, the relatively narrow repertoire of TAA-specific T
551  cells found in the MASE-T products (range: 1-6, median = 4) and the lack of T cells specific for
552  alternative antigen classes, such as neoantigens, may contribute to the limited clinical

553  efficacy(31,44). The expansion and infusion of blood-derived neoantigen specific T cells were
554  recently evaluated in a clinical trial involving a cohort of melanoma patients comparable to
555  those in the current study(45). The autors demonstrated in vitro reactivity of the infused cells
556  towards autologous tumor tissue in most patients, however, no clinical responses were

557 observed (45). These findings underscore the complexity of manufacturing cellular products for
558  solid tumors and indicate that a diverse repertoire of T cells, targering both TAAs and

559  neoantigens may be essential for achieving therapeutic reponses.

560 The presence of a broader repertoire of tumor-specific T cells in the TIL compared to the

561  MASE-T product may explain the substantial increase in reactivity of the TIL, but not the

562  MASE-T, product from patient MM2011.11 following IFNy-pre-conditioning of the autologous
563  TCL. Supportively, patient MM2011.11 responded to TIL therapy after progressing on MASE-T
564  therapy.

565 In a subset of solid cancers arising from viral infection, such as human papillomavirus (HPV)-
566  driven cancers and Merkel cell carcinoma (MCC), integrated viral genes serve as attractive

567  tumor antigens for Ag scaffold-expansion. Indeed, recent findings in MCC show that oncogenic
568 T antigen-specific T cells could be expanded from the peripheral blood of MCC patients, with

569  the resulting T cell products showing anti-tumor reactivity in vitro(46).
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570  This trial demonstrates that Ag scaffold-expansion of MASE-T cells from patient peripheral

571  blood is feasible and generates a well-tolerated infusion product enriched with tumor-specific
572  CDS8+T cells that can direct autologous tumor cell killing. Thus, ACT with Ag scaffold-expanded
573 T cells represents a promising alternative when TIL therapy is not feasible, in particular for
574  solid cancers with a well-defined antigenic landscape. However, the limited clinical efficacy

575  observed in the current trial warrants continued optimization within several areas, including
576  patient inclusion criteria, the size of the generated cell product, and pre- and post-conditioning

577 regimes.
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Figure 1 | Ag-scaffold-expansion of multiple antigen-specific endogenous-derived T cells (MASE-T) for
adoptive transfer in patients with metastatic melanoma

(A) Schematic drawing of an antigen-presenting scaffold (Ag-scaffold) engaging with an antigen-specific T cell via
specific peptide-MHC complexes (pMHCs) attached to a dextran backbone, along with co-attached cytokines IL-2
and IL-21 for optimal T cell stimulation. (B) MASE-T expansion schedule. On day 0, 300mL of blood is drawn from
the patient, and PBMCs isolated and cultured in Grex containers in the presence of Ag-scaffolds. An expansion fold
=5 on day 9 allows for initiation of lymphodepleting chemotherapy and subsequent MASE-T cell infusion of day 14.
(C) Trial design. Patients included after the initial screening have blood drawn for MASE-T expansion on day -14,
and is admitted for lymphodepleting chemotherapy five days prior to MASE-T administration on day 0, if the fold-
expansion evaluation is passed. After MASE-T treatment, patients are followed up for clinical and response
evaluation.
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Figure 3 | Treatment-related adverse events (AEs) and clinical response in MASE-T-treated patients

(A) Treatment-related AEs. No AEs related to the MASE-T infusion were registered. Most AEs were related to the
chemotherapy. (B) Best overall response (BOR) evaluated by RECIST 1.1, PD: Progressive disease, SD: Stable
disease. Three patients had SD as BOR, but for only one patient SD was confirmed on the second scan 3 months
post MASE-T treatment. (C) Median progression-free survival (PFS) was 69 days and median overall survival (OS)
(D) was 394 days in MASE-T-treated patients
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Figure 4 | MASE-T product characteristics and correlation to best overall response

(A) Total viable cell counts, frequencies of CD8+ T cells, frequencies and numbers of TAA-specific cells, and
numbers of TAA-specific T cell populations following grouping of MASE-T products according to the RECIST 1.1
classification of the patients. Horizontal lines represent the mean number/frequency. (B) Frequency and mean
fluorescence intensity (MFI) of PD-1 expression on TAA-specific cells in MASE-T products grouped according to the
RECIST 1.1 classification of the patients. Horizontal lines represent the mean frequency/intensity. (C) Subdivision of
TAA-specific cells in the MASE-T cell products into naive-like (Naive), central memory (CM), effector memory (EM)
and effector memory that re-express CD45RA (TEMRA) based on expression of CD45RA and CCRY7. (D)
Frequency of TAA-specific cells in the infusion product (INF), and in peripheral blood prior to (Pre) and at various
time points after (1w, 3w, 6w, 12w and 16w) MASE-T treatment. (E) frequencies of CD8+ T cells in PBMCs of
MASE-T treated patients pre-lymphodepletion and at various time points after MASE-T treatment.
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Figure 5 | Comparing the MASE-T and TIL products in patients that received both

(A and B) Frequency of CD4* and CD8* T cells in Y-TIL (YT) from a pre-MASE-T tumor biopsy, MASE-T (MT)
infusion product and REP-TIL (RT) infusion products from patients (A) MM2011.06, and (B) MM2011.11. Bar graphs
display the mean +/- SD frequency of CD8 and CD4 cells out of total CD3+ T cells. (C and D) Frequency of TAA-
specific T cells in YT, MT, and RT from patients (C) MM2011.06, and (D) MM2011.11. Bar graphs display the mean
+/- SD frequency of TAA-specific cells out of CD8+ T cells. (E and F) Frequency of cytokine-producing (TNF and
IFNg) and CD107a-expressing CD8+ T cells in YT, MT and RT from patients (E) MM2011.06, and (F) MM2011.11
following in vitro-restimulation with autologous tumor cell lines with or without prestimulation with IFNg (TCL and
TCL+IFNg, respectively), or tumor digest (Digest), or without re-stimulation (Alone). Bar graphs display the
frequency of multi-functional (CD107a+ IFNg+ TNF+) cells. (G and H) FlowSOM analysis performed on (G) CD8+ T
cells in MT and RT from patient 06 and 11 (pooled), and (H) TAA-specific T cells in MT and RT from patient 11.
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