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Abstract: Uveal melanoma (UM) is a rare type of melanoma with distinct features from cutaneous melanoma, low response rates to 
immune checkpoint inhibition, and poor survival rates. Tebentafusp, a bispecific antibody engaging T cells with gp 100 on HLA-A*02:01, 
was recently approved by the FDA as the first drug of its class and the first treatment approved by the FDA to treat UM. In this review, we 
summarize the preclinical and clinical data on tebentafusp for UM. We additionally discuss patient selection and the relevant challenges. For 
the literature search, PubMed search and relevant articles presented at international conferences were used. 
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Introduction
Uveal melanoma (UM) accounts for over 95% of intra-ocular malignancies.1 Unfortunately, despite effective local 
treatment of the primary tumor, nearly 50% of UM patients develop metastatic disease.2 The prognosis in the metastatic 
setting remains very poor with median overall survival (OS) of less than one year.3–5 UM comprises less than 5% of all 
melanomas and is molecularly distinct from cutaneous melanoma (CM).6,7

Unlike CM, checkpoint immunotherapy (CPI) has modest efficacy in metastatic UM (mUM) with response rates of 
less than 20% and median overall survival (OS) rates of up to 19 months.8,9 There are no approved targeted therapies in 
UM as BRAF mutations are not present in these tumors.10 Several trials testing the activity of MEK inhibitor selumetinib 
alone or in combination with chemotherapy failed to show any significant benefit in mUM.11–13 Despite the high 
prevalence of GNAQ and GNA11 mutations in UM, there are no approved treatments that target these mutations. In 
January 2022, tebentafusp, a bispecific antibody engaging T cells with glycoprotein 100 (gp100) on melanoma cells, 
received Food and Drug Administration (FDA) approval for the treatment of HLA-A*02:01-positive unresectable or 
metastatic UM (mUM).14 The European Medicines Agency (EMA) approved tebentafusp for the same indication in 
April 2022. Tebentafusp was the first T cell receptor (TCR)-based therapeutic that received approval by the FDA for 
cancer treatment and was the first drug to receive FDA approval for the treatment of mUM. In this review, we summarize 
the clinical data evaluating the efficacy and safety of tebentafusp in unresectable or mUM patients (Table 1). 
Additionally, we discuss patient selection criteria and the related restrictions and challenges.

Tebentafusp
Tebentafusp Development and Mechanism of Action
To improve immune response against cancer antigens, a novel class of immunotherapy agents has been developed called 
immune-mobilizing monoclonal TCR against cancer (ImmTAC). ImmTACs are bi-specific molecules with an anti-CD3 
single-chain antibody fragment (scFv) that can engage polyclonal T cells bound to a monoclonal high affinity TCR 
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(mTCR), targeting a specific cancer-related antigen.15,16 Tebentafusp (formerly known as IMCgp100) is an ImmTAC 
comprising a mTCR targeting glycoprotein 100 (gp100) presented by HLA-A*02:01 on melanoma cells, fused to an anti- 
CD3 scFv (Figure 1). GP100 is highly expressed in UM and CM.17 The high affinity binding of tebentafusp to gp100 
allows the engagement of polyclonal CD8+ and CD4+ T cells specifically into the tumor microenvironment. The 
preclinical studies of tebentafusp demonstrated cytotoxic activity by CD8+ T cells and CD4+ effector and memory 
T cells as well as pro-inflammatory cytokine and chemokine release, including TNF-α, IL-6, IL-2, resulting in broad 
immune responses.15 The in vitro preclinical study of tebentafusp indicated correlation between tebentafusp potency and 
HLA-A*02:01 expression.18

Clinical Trials
Phase I/II Trial
Tebentafusp was initially assessed for safety and tolerability in a first-in-human multicenter open-label phase I/II study 
(NCT01211262), which enrolled a total of 84 HLA-A*02 positive adult patients with advanced melanoma, including 19 
with mUM and 61 with mCM.19 Two different dosing regimens were assessed, weekly dosing from 5 to 900 ng/kg in 

Table 1 Examples of Clinical Trials of Tebentafusp

Study Protocol Patient 
Selection

Line Primary Endpoint Phase Number of 
Patients

Clinical Trial 
Indentifier

Tebentafusp mCM 2 MTD I 84 NCT01211262

Tebentafusp, Durvalumab and/or 
Tremelimumab

mCM 2 Phase 1b: safety, DLT; 
Phase 2: ORR

Ib/II 312 NCT02535078

Tebentafup vs investigator’s choice mUM 1 OS III 378 NCT03070392

Tebentafusp MRD CM and UM MR II 850 NCT05315258

Abbreviations: mCM, metastatic or advanced cutaneous melanoma; mUM, metastatic or advanced uveal melanoma; MRD, molecular relapsed disease; MTD, maximum 
tolerated dose; DLT, dose-limiting toxicity; ORR, objective response rate; OS, overall survival; MR, Molecular response.

Figure 1 Schematic overview of mechanism of action of tebentafusp.
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Arm 1 and once daily dosing from 10 to 50 mcg on days 1–4 every 3 weeks. No dose limiting toxicity (DLT) was 
reported at 600 ng/kg weekly dosing. At 900 ng/kg, two patients developed hypotension considered to be a DLT. The 
recommended Phase II dose (RP2D) for weekly dosing was set as 68 mcg.19 The treatment was well tolerated overall. 
CRS is graded according to the American Society for Transplantation and Cellular Therapy (ASTCT) to different 
categories including grade 1 (fever), grade 2 (mild hypotension or hypoxia, with low-flow oxygen requirement), grade 3 
(hemodynamic instability requiring a vasopressor, worsening hypoxia or requiring high-flow oxygen), and grade 4 
(requiring multiple steroids and positive pressure oxygen). CRS was observed in 60% of patients, which was mild in 45% 
of patients, moderate in 10.7%, and severe in 3.6%.19,20 There was no grade 4 or higher toxicity. Rash and lymphopenia 
were the most common grade 3 or higher adverse events (AEs) present in 26% and 10% of patients, respectively, and 
thought to be on-target effect related to the drug mechanism.19 The presence of rash within the first 7 days from the first 
tebentafusp dose was associated with better overall survival (OS) rate 83% (95% CI 68–98) vs 44% (95% CI, 21 to 627).

The one-year OS rate was 65% (95% CI: 48–78%), equal in both mUM and mCM. Overall response rate (ORR) was 
8.7% (n = 6), all of which were partial responses (PRs) and half (3) had UM, and 55% of the participants had stable 
disease based on RECIST criteria.19

Tebentafusp was noted to induce the IFN-γ pathway markers in the serum including an increase in IL-6, IL-2, IL-10 
as well as CXCL11 and CXCL10, which are T cell attractants. Most of the cytokines showed a transient rise with 
a maximum level between 8 and 24 hours following the infusion, whereas CXCL10 and CXCL11 levels remained 
elevated. In addition, tissue biopsy showed increased CD3+, CD4+, and CD8+ T cells.19

A phase II study was then conducted treating a total of 127 HLA-A*02:01 mUM patients using the RP2D regimen 
using the weekly dosing regimen of tebentafusp which included 20 mcg for the first dose, 30 mcg for the second dose, 
and 68 mcg for the third dose thereafter. The most common AEs include pyrexia (80%), pruritus (67%), chills (64%). 
The most common grade 3 and higher AE was maculopapular rash (16%) followed by hypotension and increase in AST, 
most of which subsided following the third dose.21 Similar to the phase I/II trial, the ORR was low, around 5%, although 
a reduction in target lesion was present in 44% of patients.21 The OS at 12 months was 62% (CI 53–70%). Circulating 
tumor DNA (ctDNA) levels, measured at weeks 0, 5, 9 using a panel from Natera Inc was associated with overall 
survival (p value 0.0001).22 It is noteworthy that amongst those with radiographic disease progression, >0.5 log reduction 
in ctDNA was associated with OS improvement compared to <0.5 log reduction.22

Phase III Trial
The results of the phase III study of tebentafusp were published in September 2021.23 This open-label, multicenter, 
randomized, clinical trial compared tebentafusp with the investigator’s choice in 378 previously untreated HLA-A*02:01- 
positive mUM patients.23 Patients were randomized 2:1 to receive either tebentafusp or investigator’s treatment choice 
(control group), including single-agent pembrolizumab, ipilimumab or dacarbazine. Patients were stratified by LDH level. 
Cross-over was not initially permitted per the original trial design. Nevertheless, given the evidence for survival benefit with 
tebentafusp during the interim analysis, patients in the control arm ultimately were allowed to cross over to tebentafusp arm.23 

The initial interim analysis performed at a median follow-up of 14.1 months demonstrated a one-year OS of 73% with 
tebentafusp compared to 59% with the investigator’s treatment choice, with a median OS of 21.7 months versus 16 months, 
respectively, and hazard ratio of death at 0.51 (95% CI 0.37–0.71, P < 0.001). Disease control, defined as complete response, 
PR, stable disease for 12 or more weeks was achieved by 46% (95% CI 39–52) of patients in the tebentafusp group vs 27% 
(95% CI 20–36) in the control group. The study-reported 6-month progression-free survival (PFS) benefit, a secondary 
endpoint, also was significant 31% vs 19% (HR 0.73, 95% CI 0.58–0.94, P = 0.01). The trial did not show an ORR benefit; 
ORR 9% (95% CI 6–13) vs 5% (95% CI 2–10) in the tebentafusp group versus the control group, respectively, indicating 
a discordance between radiographic ORR and OS benefit. The most common adverse events (AEs) of tebentafusp were 
cytokine-related, including fever, chills, and hypotension, followed by skin reactions such as rash, pruritus and erythema. 
Approximately 44% of the patients in the tebentafusp group experienced grade 3 or higher toxicities. The majority of these 
side effects happened during the first 4 weeks of therapy. There were no deaths related to AEs in the tebentafusp group.
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HLA Allelic Variants, HLA Subtype Testing, Role in Patient Selection
Tebentafusp has been shown to have anti-tumor activity in cells expressing the HLA-A*02:01 allele of HLA-A2, which 
is present in approximately 50% of patients of European descent.24 Cells expressing other HLA-A*02 alleles, such as 
HLA-A*02:06 are not efficiently targeted by tebentafusp.23

The HLA-A gene is ~3200 bp in length, and differences between various HLA types (ie, A1 vs A2 vs A3) can be 
determined by dozens of polymorphic nucleotides scattered along those 3200 base pairs. Therefore, HLA antigens are 
expressed with a multi-field nomenclature. Antigens that are identical at the one or two field level (ie, A*02 or A*02:01) 
imply strong similarity of sequence at both the DNA and protein level. The A*02:01:01:01 and A*02:06:01:01 alleles 
have a high degree of sequence similarity and differ at only two out of 3200 base pairs. Given the sequence similarity, to 
fully assess a patient’s ability to respond to tebentafusp, high-resolution typing of the HLA-A locus is required.

High-resolution HLA typing is typically done using next-generation sequencing (NGS), which usually provides three- 
to four-field resolution of HLA types and provides more than sufficient resolution to distinguish between HLA-A*02 
alleles. However, not all clinical labs perform HLA typing by NGS, and high-resolution typing by NGS can sometimes 
have relatively long turnaround times (7–10 days from sample receipt to report). To balance the needs of high resolution 
and turnaround, other methods for high-resolution HLA typing can be considered, such as A*02-specific SSO (sequence- 
specific oligonucleotide), higher resolution SSO, or real-time PCR.

Patient Selection, Challenges, and Perspectives
UM is a rare type of melanoma with grim prognosis upon metastasis. The OS rate remains poor leaving the mUM 
patients with unmet clinical needs. Tebentafusp was recently approved by the FDA, as the first therapy of its kind to 
receive FDA approval and as the first treatment to show OS benefit in mUM. Tebentafusp is a bispecific fusion protein 
engaging polyclonal CD-3 T cells with gp100-HLA-A*:02:01 bound antigen on melanoma cells.

Given the turnaround time to receive the HLA typing results, it may make sense to test all mUM and perhaps all high- 
risk UM patients for HLA-A*02:01 at the time of initial diagnosis. Direct consultation with the HLA lab is recommended 
to confirm both the resolution of typing and turnaround time. It is noteworthy that if the resolution of typing obtained 
only identifies HLA-A*02 at the single field level, it is still possible that a patient has an allele other than HLA-A*02:01, 
particularly if the patient is not of European ancestry. This has been summarized in Table 2.

The highly selective design of the ImmTAC molecule as well as its high affinity to the tumor antigen, presented by 
the HLA-A*02:01, allows binding to specific cancer cells and attracting polyclonal cells to the cancer environment. 
However, this equally prevents approximately half of the patients with mUM from getting access to the solely available 
effective therapy for this aggressive disease. Designing similar agents that target less common HLA subtypes in mUM 
will expand access to treatment for a larger population. In a disease such as UM, which predominantly affects people of 
European background, there may be less of an issue, but for other diseases with a more diverse demographic affected, the 
development of ImmTACs against HLA-subtypes most commonly seen in Whites will become a major equity issue that 
companies, investigators, and regulatory authorities will need to sort out.

Discussion
The safety profile of tebentafusp is overall favorable with the majority of significant AEs occurring with the first few 
infusions, allowing transition to treatment as an outpatient after the 3rd infusion in most patients. Only 2% of patients 
receiving tebentafusp discontinued the treatment due to treatment-related AEs.23 Most patients experience some degree 
of CRS with tebentafusp, the majority of which are grade 1 or 2. These symptoms are usually manageable using 
antipyretics, intravenous hydration or holding the antihypertensive mediations one day prior to treatment. Patients may 
occasionally need steroids or vasopressor agents if not responsive to IV fluids. Skin reaction is the next most common 
AE, which usually presents as rash and erythema associated by edema particularly periorbital edema. Most of the skin 
reactions are limited to the first hours to days after the drug administration, and are generally controlled using 
antihistamines, topical steroids, or occasionally systemic steroids in case of severe symptoms. The use of systemic 
corticosteroids for the management of AEs was not associated with worsening of OS.25 Premedication was not required 
on the clinical trials, although premedication with antihistamines, H2 blockers and IV fluids seems to be helpful. Those 
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Table 2 HLA Allele Frequencies of Various Populations, Among All Individuals (Left) and Among HLA-A*02 Positive Individuals (Right)

Allele Frequency in Population (Including All HLA-A Alleles) Allele Frequency in Population Among Individuals Who Have HLA-A2

Allele AFA API EURO MENA HIS NAM UNK All AFA API EURO MENA HIS NAM UNK

A*02:01 11.88% 6.51% 27.11% 17.35% 19.86% 19.44% 21.82% 24.06% 66.00% 34.25% 95.56% 78.92% 75.41% 72.85% 87.23%

A*02:11 0.07% 5.12% 0.01% 0.32% 0.37% 0.73% 0.16% 0.46% 0.40% 26.94% 0.05% 1.47% 1.40% 2.75% 0.63%

A*02:02 4.02% 0.02% 0.08% 0.54% 0.62% 1.02% 0.46% 0.24% 22.34% 0.13% 0.27% 2.48% 2.35% 3.83% 1.84%

A*02:06 0.13% 2.44% 0.19% 0.46% 3.39% 2.57% 0.69% 0.57% 0.71% 12.83% 0.68% 2.07% 12.87% 9.62% 2.76%

A*02:05 1.62% 0.54% 0.75% 2.54% 1.32% 1.38% 1.36% 0.88% 9.03% 2.83% 2.65% 11.55% 5.00% 5.15% 5.43%

A*02:03 0.02% 1.99% 0.00% 0.03% 0.01% 0.07% 0.11% 0.17% 0.11% 10.49% 0.01% 0.13% 0.04% 0.25% 0.46%

A*02:07 0.01% 1.85% 0.02% 0.12% 0.02% 0.01% 0.19% 0.18% 0.05% 9.75% 0.07% 0.55% 0.06% 0.05% 0.76%

A*02:17 0.04% 0.00% 0.10% 0.47% 0.22% 0.52% 0.08% 0.10% 0.21% 0.02% 0.34% 2.14% 0.82% 1.93% 0.33%

A*02:04 0.04% 0.00% 0.00% 0.00% 0.24% 0.55% 0.04% 0.02% 0.20% 0.00% 0.01% 0.01% 0.92% 2.07% 0.15%

A*02:16 0.00% 0.38% 0.00% 0.01% 0.00% 0.01% 0.01% 0.03% 0.02% 2.01% 0.00% 0.03% 0.00% 0.02% 0.02%

Note: Data from Sacco et al.21 

Abbreviations: AFA, African/African American; API, Asian/Pacific Islands; EURO, European/European descent; MENA, Middle East/North Coast of Africa; HIS, South or Central America/Hispanic/Latino; NAM, Native American 
populations; UNK, unknown/not asked/multiple ancestries/other; all, total of all populations; AUC, area under the curve; LS, least squares; NE, not estimable.
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patients who have developed significant CRS symptoms or skin reactions may benefit from one or two doses of 
corticosteroids prior to their first 3 or 4 infusions.

The assessment of clinical efficacy is challenging with tebentafusp. The development of week one rash was associated 
with strong OS benefit,26 likely due to gp100 expression on skin melanocytes targeted by tebentafusp. Rash, however, is 
not an independent predictor of OS and some patients without rash may also benefit from tebentafusp; therefore, its use is 
not appropriate for clinical decision-making. Although ctDNA levels were associated with OS in the clinical trial, the use 
of ctDNA in the real world setting may be more challenging given the lack of one diagnostic companion for ctDNA and 
the use of different commercial companies with variable sensitivities to detect ctDNA, which may affect the results. The 
OS benefit with tebentafusp was less among patients with larger metastatic lesions or worse performance status in the 
subgroup analyses.23 Recent data from the post-hoc analysis of OS among those with disease progression showed longer 
OS when continuing treatment beyond progression, and was not associated with new safety issues.27

Although statistically not significant, patients treated with ipilimumab appeared to do better compared to tebentafusp 
in the subgroup analysis of the phase III trial.23 This may be even more relevant, as the interim data from the trials of 
dual checkpoint inhibition in mUM, ie, PROSPER and GEM-1402, were not available at the time of the trial design and 
dual checkpoint blockade was not included in the control arm. Given the higher response rate of dual checkpoint versus 
single-agent checkpoint inhibitors in mUM, it is unknown whether tebentafusp is superior to this alternative standard of 
care regimen for mUM patients.

Moving forward, given that single-agent PD-1/PD-L1 inhibitors are well tolerated by most CM and UM patients with 
significant AEs in approximately 10–15% of patients, there likely is a potential role for the combination of T cell 
engagers such as tebentafusp and immune checkpoint inhibitors. There are currently ongoing clinical trials investigating 
the safety and efficacy of the combination. In addition, other ImmTAC agents are being used in clinical trials. The results 
of the Phase I trial of IMC-F106C, an ImmTAC targeting PRAME, was presented at the European Society of Medical 
Oncology (ESMO) in September 2022.28 Another trial includes a planned expansion arm to investigate dual ImmTAC 
combination of tebentafusp and PRAME-targeting therapy. Additionally, since the liver is the major site of disease 
progression in mUM, liver-directed therapy (LDT) may have a role in disease control benefit in combination with 
tebentafusp, although the best timing of LDT and the type of treatment is to be determined.

Finally, there may be an opportunity to explore the use of ImmTACs in the adjuvant or neoadjuvant setting for high- 
risk UM patients with the hopes to improve their outcomes.
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