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ABSTRACT
◥

Purpose: Tebentafusp is a first-in-class bispecific fusion protein
designed to target gp100 (a melanoma-associated antigen) through
a high affinity T-cell receptor (TCR) binding domain and an anti-
CD3 T-cell engaging domain, which redirects T cells to kill gp100-
expressing tumor cells. Here, we report a multicenter phase I/II trial
of tebentafusp in metastatic melanoma (NCT01211262) focusing
on the mechanism of action of tebentafusp.

Patients and Methods: Eighty-four patients with advanced
melanoma received tebentafusp. Treatment efficacy, treatment-
related adverse events, and biomarker assessments were performed
for blood-derived and tumor biopsy samples obtained at baseline
and on-treatment.

Results: Tebentafusp was generally well-tolerated and active in
both patients with metastatic uveal melanoma and patients with
metastatic cutaneous melanoma. A 1-year overall survival rate of

65% was achieved for both patient cohorts. On-treatment cytokine
measurements were consistent with the induction of IFNg path-
way–related markers in the periphery and tumor. Notably, teben-
tafusp induced an increase in serum CXCL10 (a T-cell attractant)
and a reduction in circulating CXCR3þ CD8þ T cells together with
an increase in cytotoxic T cells in the tumor microenvironment.
Furthermore, increased serum CXCL10 or the appearance of
rash (likely due to cytotoxic T cells targeting gp100-expressing
skin melanocytes) showed a positive association with patient
survival.

Conclusions: These data suggest that redirecting T cells using a
gp100-targeting TCR/anti-CD3 bispecific fusion protein may pro-
vide benefit to patients withmetastaticmelanoma. Furthermore, the
activity observed in these two molecularly disparate melanoma
classes hints at the broad therapeutic potential of tebentafusp.

Introduction
Reactivating the immune system with checkpoint inhibitors (CPIs)

to treat cancer has seen significant success in the last decade (1) and is
established as one of the pillars of cancer treatment (2). However,
many patients derive little benefit fromCPIs principally because of the
lack of sufficient tumor-specific cytotoxic CD8þ T cells or insufficient
tumor neoantigenicity (3). Thus, new approaches that redirect any
cytotoxic T cell to attack cancer cells may be key to achieving broader
efficacy. Less than 10 years after the approval of the first CPI, the

immuno-oncology field is now replete with novel approaches to
engage the immune system to fight cancer (4, 5).

Natural T-cell responses are driven by interactions between the T-
cell receptor (TCR) and its peptide antigen presented by HLA on the
surface of a target cell (6). However, the TCR repertoire is limited by
the thymic selection of T cells that recognize self-antigens with low
affinity. To redirect any T cell, regardless of its TCR specificity,
antibody- and TCR-based bispecifics that can activate T cells are
being developed. Antibody-based bispecifics have demonstrated effi-
cacy in hematologic tumors; however, the repertoire of antibody
targets is limited to surface-expressed proteins and, thus, limited to
targeting only 10% of the human proteome (7). In addition, antibody-
based therapeutics only target highly expressed proteins. Immune-
mobilizing monoclonal TCRs against cancer (ImmTAC) are a new
class of molecules designed to overcome these limitations. These
bispecific fusion proteins, comprising of a soluble affinity-enhanced
TCR and an anti-CD3 single-chain variable fragment (scFv), redirect
and activate T cells to peptide-HLA (pHLA) complexes on the target
cell surface (4). As themajority of proteins are processed and presented
on the surface of the cell as a pHLA complex, ImmTAC molecules
could in principle be engineered to target almost the entire prote-
ome (7). Tebentafusp, the first ImmTAC molecule to enter clinical
testing, recognizes the gp100 peptide (pos 280–288) presented on
HLA-A�02:01 with picomolar affinity. gp100 is a lineage melanocytic
antigen expressed in melanocytes and melanoma. The high affinity of
tebentafusp for the pHLA target seen in preclinical studies enables cells
with low cell surface levels of HLA-A-gp100280–288 to be detected: as
few as five to 10 epitopes are sufficient for tebentafusp to mount
successful clearance of target cells in vitro (8, 9). The anti-CD3 scFv
effector domain of tebentafusp enables polyclonal activation of native
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T cells independently of their natural TCR specificity, leading to the
formation of an immune synapse and the killing of target cells
(refs. 8, 10; Supplementary Fig. S1). The in vitro capability of tebenta-
fusp to induce potent and selective killing of antigen-positive tumor
cells was demonstrated previously (9, 11). Furthermore, broad
immune responses that extend beyond the induction of CD8þ

T-cell–mediated cytotoxicity were observed (8) and supported the
progression of tebentafusp to phase I clinical investigations.

Patients and Methods
Study design and participants

This first-in-human (FIH) study of tebentafusp was a multicenter,
phase I/II, open-label, dose-finding study to assess the safety, toler-
ability, and efficacy of tebentafusp (NCT01211262) in patients with
stage IV or unresectable stage III melanoma, including cutaneous and
uveal, who were resistant to standard treatment regimens or for whom
no standard treatments existed. Additional key eligibility criteria
included HLA-A�02 status, Eastern Cooperative Oncology Group
performance status ≤1, as well as completed previous surgery, radio-
therapy, systemic therapy, or experimental therapy.

The primary objectives of the trial were to evaluate the safety and
tolerability of tebentafusp following weekly and daily dosing with the
aim of establishing the MTD based on the occurrence of dose-limiting
toxicity (DLT).

The study was performed in accordance with the current version of
the Declaration of Helsinki, the International Conference on Harmo-
nisation guidelines on Good Clinical Practice, and the laws of the
United Kingdom and the United States. Institutional review board
approval was gained on a site-by-site basis. All patients provided

written informed consent to participate in the study prior to under-
going screening.

Eighty-four HLA-A2þ patients with advanced melanoma [n ¼ 61,
cutaneous; n ¼ 19, uveal; and n ¼ 4, other origin (acral, lentiginous
(vulval), mucosal (rectal), and unknown primary)] received tebenta-
fusp (additional baseline demographics are presented in Supplemen-
tary Table S1).

Procedures
The study assessed a weekly (arm 1) and a daily (arm 2) dosing

regimen for tebentafusp, each at a range of doses [arm 1 (n¼ 66): dose
escalation, weight-based dosing from 5 to 900 ng/kg; dose expansion,
600 ng/kg converted to a 50-mcg flat dose and arm 2 (n ¼ 18): once
daily �4 days every 3 weeks, dose ranges from 10 to 50 mcg;
Supplementary Table S2].

Treatment efficacy was assessed using RECIST v1.1 and Kaplan–
Meier survival. Treatment-related adverse events (TRAE) were coded
according to Common Terminology Criteria for Adverse Events
(CTCAE) v4.0. For “rash,” any grade, composite terms included rash;
rash erythematous; rash generalized and rash macular; rash maculo-
papular; rash papular; rash pruritic and rash pustular; and rash
vesicular.

Biomarker assessments were performed for blood-derived and
tumor biopsy samples obtained at baseline and on-treatment. Briefly,
peripheral blood mononuclear cells (PBMCs) were stained for flow
cytometric analysis and samples acquired with the BD Fortessa X20
HTS with BD FACSDiva v6. Compensationmatrices and data analysis
were performed with FlowLogic v7 software. The presence of cyto-
kines/chemokines in serum samples was assessed using Luminex
Bead-based Multiplexing Kits and acquired with xPONENT software
version 4.2 SECURITY on a MAGPIX instrument. Multiplex gene
expression analysis was carried out on RNA isolated from tumor
biopsies using NanoString Technology. Tumor biopsy samples were
sectioned and stained by single-plex IHC for CD3, CD4, CD8,
granzyme B, or PD-L1 positivity. Images were acquired with either
the Aperio (Leica Microsystems Ltd) or the Pannoramic MIDI
(3DHISTECH) Whole-Slide Scanner and analyzed using HALO soft-
ware. Additional details of the procedure are included in the Supple-
mentary Materials and Methods.

For the four modes of analysis (serum markers, PBMC analysis,
paired biopsies IHC, and gene analysis) described, six metastatic
cutaneous melanoma (mCM) patient samples were analyzed by all
four analyses. One metastatic uveal melanoma (mUM) patient sample
was analyzed by all, but NanoString analysis, while two additional
mCM samples were analyzed by serum markers, PBMC, and Nano-
String analysis, but not paired IHC. Twenty-two (11 mUM, 10 mCM,
and one unknown primary) samples had serum and PBMC analysis.

Outcomes
Treatment efficacy was assessed using RECIST v1.1 and Kaplan–

Meier survival. The efficacy population included patients with (i) at
least one RECIST 1.1 evaluable target lesion, (ii) who were treated with
(a) at least one tebentafusp dose of≥270 ng/kg (amedian absolute dose
of ≥16 mcg) or (b) the recommended phase II dose (RP2D, 50 mcg),
and (iii) who received at least one end-of-cycle scan or discontinued
prior to the scheduled scan. Overall survival (OS) was measured from
the start of treatment to time of death. Patients alive at the time of the
analysis were censored on the last date they were known to be alive.
TRAEswere coded according toCTCAEv4.0. To explore tebentafusp’s
effects on peripheral cytokine/chemokine profiles and T-cell number
and phenotype,markers in serumandPBMCsampleswere analyzed in

Translational Relevance

The use of immunotherapeutic approaches for the treatment of
metastatic disease has had some success in a subset of tumor types.
However, limitations of success associated with tumor mutational
burden are now recognized. Metastatic uveal melanoma (mUM)
has low mutational burden and consequently, both lacks an
immune response within the tumor and shows little response to
checkpoint inhibitor therapies. Indeed, patients with mUM cur-
rently have few treatment options and have a poor prognosis with
approximately 1 year median survival time after detection of
metastases. Outcomes for these patients have not improved in
decades and no new therapies have been approved for this subset of
patients with melanoma for more than 30 years.

Here, we present data focusing on the mechanism of action of
tebentafusp from a first-in-human study, in which patients with
previously treated advancedmetastatic melanoma (both cutaneous
and uveal) received a soluble, affinity-enhanced T-cell receptor/
anti-CD3 single-chain variable fragment fusion protein designed to
facilitate targeting of T cells to the tumor. Our results suggest that
tebentafusp is well-tolerated in both cancer cohorts and has
clinically meaningful antitumor activity as a monotherapy. This
is particularly impactful within the uveal melanoma cohort not
only due to the absence of effective therapies, but also as it suggests
this therapy can enhance immune responses in previously immune
inactive tumors. These early data support further investigation of
tebentafusp as a promising new anticancer therapy for metastatic
melanoma.
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baseline and on-treatment samples. T-cell infiltration and gene expres-
sion profile were assessed, comparing baseline and on-treatment
tumor biopsy analysis.

Statistical analysis
Statistical analyses were performed as described in the figure

legends. Survival analysis was carried out using Kaplan–Meier curves
(R package, survminer) and log-rank test was used to assess differences
between the survival curves. Univariate Cox proportional hazards
methods were used to model the prognostic importance of potential
predictors of survival. Fisher exact test was used to assess association of
biomarker response with the maximum percentage reduction in the
sum of longest diameters (SLDs) of tumor measurements from
baseline. Spearman correlations were used to measure the association
between different types of biomarker responses. Differences in per-
centage of a given phenotypic subpopulation, on-treatment relative to
baseline, were calculated byWilcoxon signed-rank test for paired data.
NanoString tumor gene expression analysis comparing the log2 fold
change between baseline and early postdose samples between patient
groups using t tests was performed. The differential genes (P < 0.05)
were then accessed for enrichment of 21 NanoString predefined
categories, using hypergeometric tests (12). Those genes that fell
into these significantly enriched categories were then presented in a
heatmap displaying the pre/postdose log2 fold change values.
Heatmaps were constructed using the ComplexHeatmap R
library (13).

Results
Eighty-four HLA-A2þ patients with advanced melanoma (n ¼ 61,

mCM; n ¼ 19, mUM; and n ¼ 4, other origin) were treated and
evaluated: 31 patients with a weekly dose regimen of 5–900 ng/kg and
18 patients with daily dose regimen of 10–50 mcg (for 4 consecutive
days every 3 weeks). Repeat dosing with tebentafusp continued as long
as, in the opinion of the investigator, the patient was deriving clinical
benefit and the benefit–risk ratio remained favorable. The median
duration of treatment was 66 days, and eight of 84 patients were on-
treatment for a year or longer. Thirty-five patients were treated with
weekly doses of 600 ng/kg or 50mcgwith no patient experiencing DLT
during the first 8 days after treatment. At the 900 ng/kg dose, two of
four patients experienced DLT of hypotension, indicating that per
protocol, the MTD had been exceeded. Three more patients were
treated with the 600 ng/kg dose, and none reported a DLT. The MTD
was identified as 600 ng/kg and RP2D for weekly dosing was set as 68
mcg. Eighty-three (99%)patients had≥1TRAEsof any grade (Table 1),
while two patients (2.4%) experienced drug-related AEs leading to
treatment discontinuation. The most common grade ≥3 TRAEs were
rash (26% total, 20% arm 1, and 39% arm 2) and lymphopenia (13%
total, 14% arm1, and 11% arm2), possibly mechanism-related, con-
sistent with an on-target effect specific to melanocytic gp100 and
peripheral T-cell redirection.

Cytokine release syndrome (CRS), which has been described with
other T-cell–activating bispecifics, was evaluated post hoc (Table 1;
ref. 14). The incidence of any grade CRS was 60%, the majority of
which were generally mild with transient fever, fatigue, nausea, and
headache; with no grade 3 or above CRS reported.

One-year OS rate of 65% (95% confidence interval, 48–78) was
achieved, with similar survival recorded for both patients with mUM
and patients with mCM (Fig. 1). Overall response rate by RECIST
v1.1 (15) was 8.7% (six responses, all partial response; PR) with a
further 38 patients (55%) categorized as stable disease, of which five

patients (7.2%) showed minor responses (Supplementary Table S3).
For the six patients who achieved a PR, three (16%) were from the
mUM patient population. The median duration of response was
10.5 months (range, 3.7–28.2) and survival (censored at last contact)
was 33.4 months (range, 13.9–47.2).

To examine the effect of tebentafusp on immune activation in
patients with metastatic melanoma and to assess whether immune
activation translates into antitumor activity, pre- and on-treatment
serum samples and PBMCs, available from patient subsets, were used
to determine cytokine/chemokine levels and the phenotype of circu-
lating CD4þ and CD8þ T-cell subpopulations and correlated with
clinical outcomes. The majority of patients with biomarker data were
treated with a weekly dose of 600 ng/kg or 50 mcg.

Changes in serum markers in response to tebentafusp were deter-
mined through multiplex analyses. Thirty-two markers of immune
modulation, IFNg-dependent pathways, chemokines, as well as mar-
kers of angiogenesis, cell adhesion, and extracellular matrix (ECM)
modulation were analyzed for up to 40 patients (13 mUM, 25 mCM,
one lentiginous, and one unknown primary; Fig. 2A). In response to
the first dose of tebentafusp, more than half of patients in the analyzed
subset exhibited a treatment-induced increase of at least twofold
from baseline for the following markers: CXCL10, CXCL11, CXCL9,
CCL2, IFNg , IL6, IL10, IL2, IL15, IL1RA, TNFa, GCSF, CCL27, HGF,
and IL4, whereas other markers including IL17, IL5, IL1b, IL12p70,
and GMCSF showed negligible detectable changes in most (≥90%)
patients. The five markers with the greatest magnitude of treatment-
induced increase included the IFN-inducible chemokines CXCL10
(median, 66-fold and range, 414-fold) and CXCL11 (median,
sevenfold and range, 120-fold), as well as IL2, IL6, and IL10. Across
all the serum markers analyzed, CXCL10 showed the greatest
increase in the majority of patients analyzed in both mUM and
mCM cohorts.

Temporal analysis showed the induction of serum cytokines to be
transient, reaching maximal levels 8–24 hours postdose, with the
profile returning toward baseline levels prior to the next dose, while
notably, CXCL10 remained elevated relative to baseline levels
(Fig. 2B). The induction of cytokines was attenuated after repeated
weekly dosing, suggestive of a tachyphylactic immune response
(Fig. 2B).

Given previous in vitro data demonstrating tebentafusp-induced
redirection and activation of effector and memory cells from both
CD8þ and CD4þ T-cell populations (8), and together with the
observation here that, the most pronounced serum pharmacodynam-
ics impact of tebentafusp was an increase in chemokine CXCL10, we
hypothesized that tebentafusp treatment would preferentially redirect
CD4þ and CD8þ T-cell subsets expressing the cognate receptor,
CXCR3. This chemoattractant receptor has a key role in the trafficking
of Th1 and CD8þ T cells to peripheral sites of Th1-type inflammation
and establishing the Th1 amplification loopmediated by IFNg and the
IFNg-inducible CXCR3 ligands (16).

Immunophenotyping analysis was performed on PBMC samples
from 22 patients (11 mUM, 10 mCM, and one unknown primary).
Analysis of on-treatment PBMC samples showed that there was a
relative reduction in the prevalence of CXCR3þ immune cell popula-
tions that was more evident in CD8þ versus CD4þ populations
(Fig. 2C); consistent with their higher baseline CXCR3 expression
levels (Supplementary Fig. S2). On-treatment response of CXCR3þ

CD8þ subsets was compared at 8, 24, and 48 hours after first dose.
The largest relative decrease at 24 hours was observed for memory
CD8þ T-cell subsets, which was sustained at 48 hours (Supplementary
Fig. S3).

Antitumor Responses Mediated by Tebentafusp in Melanoma
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Linking the observed marked tebentafusp-induced pharmacody-
namics changes in CXCL10 and CXCR3þ CD8þ T cells, we found a
greater increase in serum CXCL10 was associated with a greater
transient reduction in peripheral CXCR3þ CD8þ T cells at all three
time points examined, with the strongest association at 24 hours after
first treatment (Fig. 2D;R¼�0.66;P¼ 0.00104).Within theCXCR3þ

CD8þ T-cell pool, an increase in serum CXCL10 was associated with
concomitant reduction in cells with an effector memory phenotype
(EM; P¼ 0.03, 0.007, and 0.02, and late differentiated/effectormemory
re-expressing CD45RA; P ¼ 0.02, 0.03, and 0.003) at 8, 24, and
48 hours (Supplementary Table S4). In contrast, for memory CD4þ

T cells, significant correlations with increased CXCL10 were only
observed at the later time points of 24 (P ¼ 0.006) and 48 hours (P ¼
0.01) for EM and 48 hours for central memory (CM, P ¼ 0.002) and
stem cell memory T cell (Tscm, P ¼ 0.004). At 24 hours after first
treatment, generally reflective of maximal temporal change, the reduc-
tion in peripheral CXCR3þ CD8þ EM cells also correlated with serum
increase in the other IFNg-inducible CXCR3 receptor ligands,
CXCL11 (P ¼ 0.04) and CXCL9 (P ¼ 0.008; Supplementary
Table S4). In contrast, no relationship was evident for other tebenta-
fusp-induced serum markers that are known chemoattractants for B
cells (CXCL13), eosinophils (CCL11), and neutrophils (CXCL8).

To assess changes in T cells in the tumor microenvironment
following tebentafusp treatment, paired pre- and posttreatment tumor
biopsy IHC analyses (melanoma type: one mUM, 7–8 mCM, one
lentiginous, and one acral) revealed that most posttreatment biopsy
samples (taken 3–17 days after first tebentafusp treatment) had a
relatively greater presence of T-cell markers compared with pretreat-
ment (Fig. 3A). At least a twofold increase in the number of intra-
tumoral T cells was evident in most on-treatment biopsies relative to
paired pretreatment samples: CD3þ (n¼ 8/11 evaluable patients), and
CD4þ and CD8þ (n ¼ 5/10 evaluable patients). Furthermore, an
increase in CD8þ cells on-treatment was seen even in patients with
relatively few intratumoral T cells prior to treatment, as exemplified by
the patient with mUM in the IHC paired dataset (Fig. 3B, patient C).
At least a twofold increase in PD-L1 expression was also observed in
five of nine patients (Fig. 3A), and treatment with tebentafusp did not
induce loss of gp100 expression, as evidenced by the median gp100
expression pre- and posttreatment (median 54.1%, n ¼ 16 pre- vs.
52.9%, n ¼ 25 posttreatment; Supplementary Fig. S4).

To more broadly assess the changes in the tumor immune micro-
environment following tebentafusp, we analyzed gene expression from

Table 1. Most frequent TRAEs (shown for both anygrade and grades≥3) observed in FIH phase 1 study of tebentafusp split by study arm
and also shown as total number.

TRAEs Total (N ¼ 84)
All grades, n (%) Grade ≥3, n (%)

Arm 1 Arm 2 Total Arm 1 Arm 2 Total

Any TRAE 65 (98) 18 (100) 83 (99) 27 (41) 9 (50) 36 (43)
CRSa 50 (60)b 0 (0)

Other CRS-related AEc 8 (10) 8 (10)
Rashd 47 (71) 10 (56) 57 (68) 13 (20) 7 (39) 22 (26)
Pruritus 43 (65) 16 (89) 59 (70) 0 (0) 1 (6) 1 (1)
Pyrexia 35 (53) 13 (72) 48 (57) 3 (4) 1 (6) 4 (5)
Periorbital edema 30 (45) 11 (61) 41 (49) 0 (0) 0 (0) 0 (0)
Fatigue 35 (53) 10 (56) 45 (54) 0 (0) 0 (0) 0 (0)
Nausea 34 (51) 10 (56) 44 (52) 0 (0) 0 (0) 0 (0)
Hypotension 21 (32) 7 (39) 28 (33) 6 (9) 1 (6) 7 (8)
Vomiting 24 (36) 10 (56) 34 (40) 0 (0) 0 (0) 0 (0)
Chills 17 (26) 9 (50) 26 (31) 0 (0) 0 (0) 0 (0)
Skin exfoliation 19 (29) 5 (28) 24 (29) 0 (0) 0 (0) 0 (0)
Dry skin 18 (27) 5 (28) 23 (27) 0 (0) 0 (0) 0 (0)
Headache 16 (24) 6 (33) 22 (26) 0 (0) 0 (0) 0 (0)
Erythema 17 (26) 2 (11) 19 (23) 0 (0) 0 (0) 0 (0)
Lymphopenia 13 (20) 4 (22) 17 (20) 9 (14) 2 (11) 11 (13)
Hypophosphatemia 5 (8) 3 (17) 8 (10) 3 (4) 2 (11) 5 (6)

aTRAEs (any grade) per investigator that were also cytokine-mediated per Lee criteria (14) were mostly mild to moderate.
bBoth events occurred within the first 21 days. One of these patients had a second event of lower grade (grade 1) that occurred after day 21.
cAEs were potentially consistent with CRS (e.g., infusion-related reaction, severe drug reaction, systemic inflammatory response syndrome, and hypotension).
No CRS-related deaths occurred. Premedication with corticosteroids was not required in the protocol.
dRash, as described here, is a composite term including the preferred terms; rash; rash erythematous; rash generalized and rash macular; rash maculo-papular; rash
papular; and rash pruritic and rash vesicular.
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One-year OS for tebentafusp-treated patients with mUV and mCM.
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paired baseline and on-treatment biopsies. We compared the gene
expressionwithin a subset of nine patients (melanoma type: onemUM,
six mCM, one lentiginous, and one acral): two responders (PR) and
seven with progressive disease. Enrichment analysis of significantly
different genes comparing on-treatment changes in tumor biopsies
from PR compared with progressive disease patients found three
categories of genes, defined a priori, to be significantly enriched:
cytotoxicity (7/10 genes, P ¼ 0.00007), antigen processing (8/22, P
¼ 0.006), and T-cell functions (16/72, P ¼ 0.029; Fig. 3C).

In the study of mechanism of action for any therapy, biomarker
analysis provides important insight, and the association of biomarkers
with positive clinical outcome adds tangible value from a clinical
perspective. The relative relationships between measured peripheral
biomarkers and clinical outcomes were examined.

Maximal transient increase in serum CXCL10 level was typically
noted in response to the first dose of tebentafusp (Fig. 2B).Within this
subset of patients, data suggest that a greatermaximal fold increase was
associated with both longer OS (Fig. 4A; P ¼ 0.00019) and greater
tumor shrinkage (Fig. 4B; P ¼ 0.0029). Higher treatment-induced
levels of CXCL11, another CXCR3 ligand, were also associated with
longer OS (Supplementary Fig. S5). For the transient reduction in

circulating CXCR3þ CD8þ T-cell population in response to first dose
of tebentafusp, a greater decrease was associated with longer OS
(Fig. 4C; P¼ 0.0086) and greater tumor shrinkage (Fig. 4D; P¼ 0.03).

The majority of patients treated with tebentafusp developed rash
within thefirst fewdays of dosing, consistentwith cytotoxic T cells being
redirected to attack gp100-expressingmelanocytes in the skin. Of the 84
patients treated, 69 (82%) experienced any “rash” (refer to Patients and
Methods for composite terms; Table 1) of any grade occurring within
21 days of first dose; these patients survived longer than those who did
not have rash (P¼ 0.003,Fig. 5A; Supplementary Table S5) and thiswas
independent of absolute lymphocyte count and prior anti–PD-1 therapy
in a multivariate analysis. Patients with “rash” had a relatively greater
maximal on-treatment peripheral response: increase in serum CXCL10
level and decrease inCXCR3þCD8þT-cell population (Fig. 5B andC).

Discussion
Tumors escape the immune system through the cooperative pro-

cesses of central and peripheral tolerance. Overcoming peripheral
tolerance through CPI or administration of cytokines has delivered
long-term patient benefit in the treatment of some neoplasms (1), and
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Figure 2.

Tebentafusp induced a pharmacodynamics response in multiple peripheral immune markers. A, Maximal postdose (log2) fold-change, relative to baseline
concentration, in response to first dose in serummarkers in a subset of 40 patients: CXCL8, MMP-1, CXCL10, CCL2, VEGF, CXCL13, IL1RA, galectin 3, CCL3, CCL4, IL4,
IL17, GM-CSF, IL2Ra, RANKL, CXCL9, IL5, G-CSF, IL12p70, ICAM-1, CXCL11, HGF, VEGFD, CCL27, and CCL11 (n ¼ 40); and IFNg , TNFa, IL1b, IL2, IL6, IL10, and IL15
(n ¼ 31/40; ECM). B, Temporal profile of after first, fourth, and eight dose fold-change response in IFNg , IL10, IL6, CXCL10, and CXCL11 in a subset of 15 patients
treatedweeklywith 600 ng/kg or 50-mcg tebentafusp. Plots representsmean� SEM.C, Percentage differences in CXCR3þCD4þ and CD8þ parent populations (A),
CD4þ subsets (B), and CD8þ subsets (C) at approximately 24 hours after first dose of tebentafusp compared with baseline. Heatmaps constructed using
the ComplexHeatmap R library (13). N, na€�ve and LD, late differentiated EM.D, Correlation of fold increase in serum CXCL10 with fold decrease in peripheral CXCR3þ

CD8þ cell population 24 hours following first dose of tebentafusp (R ¼ �0.66; P ¼ 0.00104; n ¼ 21).
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Figure 3.

Increased presence of T cells observed in on-treatment tumors. Image analysis quantified the expression of CD3þ, CD4þ, or CD8þ T cells together with PD-L1
expression.A,Number of CD3þ, CD8þ, CD4þ, and PD-L1þ cells/mm2 tumor in paired baseline and early on-treatment biopsies (taken at cycle 1 day 3–17) fromup to 11
patients; line per patient.B,Representative IHC images of CD3þ staining in baseline andon-treatment (C1D3) biopsies from three patients: nonuveal patientA (rectus
abdominal muscle) and B (L abdomen); uveal patient C (abdominal wall). C, Heatmap representation of genes identified from enrichment analysis with significantly
different expression in on-treatment tumor biopsy (taken at cycle 1 day 3–17) relative to baseline sample from PR comparedwith progressive disease patients. These
genes belonged to NanoString categories “antigen processing,” “cytotoxicity,” or “T-cell function” (�HLA-C, -A, -B also in antigen processing and cytotoxicity
category). Data scale represents log2 fold-change relative to associated baseline.
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these agents are changing the landscape of cancer therapy. However,
accumulating evidence suggests that efficacy of agents focused on
breaking peripheral tolerance may be limited to inflamed tumors
(those with tumor-infiltrating immune cells) and that patients with
immune-deserted (or immunologically ignorant) tumors fail to have
long-term benefit due to inadequate tumor-specific CD8þ T cells or
insufficient neoantigenicity (17).

Tebentafusp is the first soluble TCR bispecific (ImmTACmolecule)
to demonstrate antitumor activity by bypassing central tolerance and
redirecting polyclonal T cells to kill tumor cells expressing target
antigens (4, 9). Data presented here demonstrate tebentafusp mono-
therapywaswell-tolerated and active in patientswithmUMandmCM.
The on-treatment response profile was consistentwith the induction of
IFNg pathway–related markers in the periphery and tumor. On-
treatment increase in T cells within the tumor microenvironment,
together with concomitant increase in peripheral IFNg-inducible
chemokines (CXCL9, CXCL10, and CXCL11) and reduced circulating
CXCR3þ T cells, provide strong evidence for the mechanistic role of
this chemoattractant axis in T-cell redirection by tebentafusp.

The importance of CXCL10 recruitment of tumor-suppressive
CXCR3þ T cells has been demonstrated in other solid cancer mod-
els (18, 19) and high intratumoral concentration was associated with a
higher lymphocytic infiltrate (18) and an improved survival in several
malignancies, including metastatic melanoma (20–23). Similarly, data
fromHER2–CD3 bispecific preclinical murine studies have previously
suggested a mechanistic role for CXCL10–CXCR3 axis in tumor

response (24). A role of this axis in the sensitivity to anti–PD-1 therapy
has also been indicated (25). In contrast to the relative lack of
peripheral biomarkers of response identified for CPI treatments, data
presented here suggest potential dynamic markers for tebentafusp.

Adverse effects from tebentafusp were consistent with its observed
in vitromechanism of action (4, 11, 26). For example, rash and pruritus
(likely due to targeting of T cells to gp100þ melanocytes) or cytokine-
mediatedAEs, such as fever, are expected for a bispecificmolecule such
as tebentafusp. The temporal association between some of these AEs
and key peripheral cytokines underscores the apparent mechanistic
relationship. Furthermore, the occurrence of rash appeared to be
associated with longer survival and related to a greater peripheral
CXCL10 and CXCR3þ T-cell response.

In the limited number of on-treatment tumor biopsies that were
available, tebentafusp treatment was associated with increased num-
bers of CD4þ and CD8þ T cells. While numbers were small and
evaluation was across both arms and tumor types, genes associated
with T-cell function, antigen processing, and cytotoxicity were sig-
nificantly greater in biopsies from partial responders compared with
those with progressive disease. This response was evident even in
patients with low levels of tumor-infiltrating lymphocytes prior to
treatment, including uveal melanoma, suggesting that tebentafusp
may be useful broadly in the treatment of patients regardless of
baseline tumor-infiltrating lymphocytes.

The antitumor activity observed for tebentafusp monotherapy
(reduction in target tumor SLD and extended survival) in patients
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Figure 4.

On-treatment biomarkers associatedwith clinical response. A greatermaximal fold increase in serumCXCL10 level, andmaximal fold decrease in circulating CXCR3þ

CD8þ T-cell population in response to first dose of tebentafusp, was associated with longer OS and tumor shrinkage. Kaplan–Meier survival of patients by: serum
CXCL10 (n¼40, P¼0.00019;A) andCXCR3þCD8þT-cell population (n¼ 22,P¼0.0086;C); both≥median versus <median.Waterfall plots depicting themaximum
percentage reduction in the SLDs of target tumor measurements from baseline for change in serum CXCL10 (Fisher exact test, P ¼ 0.0029; B) and CXCR3þ CD8þ

T cells (Fisher exact test, P ¼ 0.03; D), both ≥median versus <median.
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with mUMwithin this trial is promising for this rare cancer with high
unmet medical need (26). Uveal melanoma arises from melanocytes
within the uveal tract of the eye (27, 28) and metastasizes in half of
patients, with 90% of these patients developing metastases to the
liver (17, 29). mUM has a poor prognosis with 1-year survival rate
of 10%–40% from development of metastases (30). The limitations in
the treatment options for mUM, with no universally recognized
standardized treatment and no newmedicines approved for this subset
of patients with melanoma in the past 30 years, are reflected in the
failure to improve OS in the last 50 years (31).

Importantly, in contrast to mCM, mUM has a low tumor muta-
tional burden and is relatively insensitive to CPI (32). Therefore, the
antitumor activity observed within this trial with two molecularly
diverse tumor types, suggests the possibility of the broad therapeutic
potential of tebentafusp in tumors with a high mutational burden and
sensitive to CPI (CM) and in those with a low mutational burden,
immunologically barren, and insensitive to CPI (UM). Trials of
tebentafusp in patients with uveal melanoma are underway to confirm
and extend these findings.
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