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In patients with previously treated metastatic uveal melanoma, the
historical1year overall survival rate is 37% with a median overall survival

of 7.8 months. We conducted a multicenter, single-arm, open-label phase

2 study of tebentafusp, asoluble T cell receptor bispecific (gp100xCD3),
in127 patients with treatment-refractory metastatic uveal melanoma
(NCT02570308). The primary endpoint was the estimation of objective
response rate based on RECIST (Response Evaluation Criteriain Solid
Tumours) v1.1. Secondary objectives included safety, overall survival,
progression-free survival and disease control rate. All patients had at

least one treatment-related adverse event, with rash (87%), pyrexia (80%)
and pruritus (67%) being the most common. Toxicity was mostly mild to
moderatein severity but was greatly reduced inincidence and intensity
after theinitial three doses. Despite a low overall response rate of 5% (95%

Cl: 2-10%), the 1 year overall survival rate was 62% (95% Cl: 53-70%) with a
median overall survival of 16.8 months (95% Cl: 12.9-21.3), suggesting benefit
beyond traditional radiographic-based response criteria. In an exploratory
analysis, early on-treatment reduction in circulating tumour DNA was
strongly associated with overall survival, evenin patients with radiographic
progression. Our findings indicate that tebentafusp has promising clinical
activity with an acceptable safety profile in patients with previously treated
metastatic uveal melanoma, and data suggesting ctDNA as an early indicator
of clinical benefit from tebentafusp need confirmation in arandomized trial.
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Uveal melanomais the most common primary eye tumour'but it remains
a rare condition, affecting fewer than 10 individuals per million*>.
Up to half of the patients with uveal melanoma will develop metastatic
disease* ¢, with the liver as the predominant site of distant spread’. Nearly
all cases of uveal melanoma harbor one of four initiating oncogenic driver
mutationsin GNAQ, GNAI1, PLCB4 or CYSLTR2in amutually independent
fashion, aswell asasecondary oncogenic event affecting EIFA1X, BAP1 or

genes encoding for spliceosome components, most commonly SF3B1
(refs.®7%), Uveal melanoma has one of the lowest mutational burdens of
all malignancies, with approximately 0.5 mutations per megabase and
amedian of 32 coding mutations per tumour", and is characterized by
low expression of programmed cell death ligand 1 (PD-L1)".
Tebentafusp, afirst-in-classimmune-mobilizing monoclonal T cell
receptor (TCR) against cancer ImmTAC), has been demonstrated
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in a phase 3 trial to improve overall survival in patients with previ-
ously untreated metastatic uveal melanoma when compared with
investigator’s choice and represents the first therapy to demonstrate
such a benefit in this disease'. The overall survival at 1 year was 73%
in the tebentafusp group and 59% in the control group, with a haz-
ard ratio (HR) for death of 0.51 (95% Cl: 0.37-0.71, P < 0.001). These
results are superior to those observed with targeted therapies such
as selumetinib™ and immune checkpoint blockade. Two single-arm
studies of combined ipilimumab and nivolumab in untreated and a
mixed population of untreated and previously treated patients with
metastatic uveal melanomareported 1 year overall survival rates of 52%
and 56% (refs. '), respectively, which are similar to those reported in
recent meta-analyses''s,

Tebentafusp consists of asoluble affinity-enhanced TCR, specific
for thegpl00 peptide YLEPGPVTA-HLA-A*02:01 complexes presented
on the surface of melanocytic cells, fused to an anti-CD3 single-chain
variable fragment” 22, Once bound to their target gpl00-HLA complex,
polyclonal T cells are recruited and activated through CD3 ligation to
release cytokines and cytolytic mediators against target cells'2. In
the first-in-human multicenter phase 1 study of tebentafusp, 3 of 15
(20%) evaluable patients with metastatic uveal melanoma achieved a
partial response and 7 (47%) achieved stable disease, with an observed
1year overallsurvival rate of 65% (ref. ). A dose-response relationship
was observed, with tebentafusp doses at or exceeding the maximum
tolerated dose being associated with a greater response” ., The phase
1dose escalation portion of this phase 1/2 study (IMCgp100-102) was
therefore designed toidentify a higher and potentially more effective
recommended phase 2 dose. Using a step-up dosing regimen to miti-
gate acute toxicity, arecommended phase 2 dose that was 36% higher
than the maximum tolerated dose identified in the first-in-human trial
was achieved” ™. Anearly analysis of safety and efficacy in these heavily
pre-treated patients (n=19) demonstrated a promising 1 year overall
survivalrate of 73%, despite amodest overall response rate of 11% (ref’s.
26 suggesting a decoupling of overall response rate as a surrogate
for overall survival. This lack of correlation between overall response
rate and overall survival was also observed in the tebentafusp cohort
ofthe phase 3 trialin which the overall response rate was limited to 9%
despite a very significant survival benefit®.

Asimilar but less pronounced disconnect between radiographic
response and overall survival has been observed in other studies of
immunotherapies®?’, prompting efforts to identify novel and effec-
tive surrogates for treatment benefit. Recent evidence indicates that
areduction in circulating tumour DNA is associated with clinical
response to treatment in many cancer settings**** and can predict
benefit toimmunotherapy®>*. This is of particular importance given
that activation of the immune system can lead to different kinetics of
response to therapy’**¥, and commonly used radiographic treatment
response assessment criteria such as the Response Evaluation Criteria
in Solid Tumours (RECIST)*® may not account for response patterns
associated withimmune activation, limiting their applicability in such
settings.

The objective of the phase 2 expansion of IMCgp100-102 was to
characterize the antitumour activity of tebentafusp in patients with
previously treated metastatic uveal melanoma, a patient population
distinctto thatenrolled inthe randomized phase 3 study, and to explore
the association of early ctDNA dynamics with clinical outcomesin this
setting.

Results

Study design

This open-label, international, phase 1/2 study (NCT02570308)
included a phase 1dose escalation as well as an expansion cohort and
was subsequently expanded into a full phase 2 study. The results of
the phase 1dose escalation portion of this study have been recently
reported”. Patients in the phase 2 study received weekly intravenous

(i.v.) tebentafusp, initially at 20 pg on day 1,30 pg on day 8, 68 pg on
day15andthen 68 pngi.v.once weekly thereafter as the recommended
phase 2 dose, with the length of a treatment cycle defined as 4 weeks
(28 days). Following at least the first three infusions, patients were
observed foraminimum of 16 hours for monitoring of vital signs and,
ifnecessary, provision of supportive care. After thisinduction period
and provided that no grade 2 or higher hypotension was noted, the
observation period for tebentafusp could be reduced to 30-60 min-
utes. Patients with aninitial assessment of progressive disease accord-
ing to RECIST v1.1(ref.*®) could continue therapy beyond progressive
disease provided that they did not have symptomatic progression
requiring alternative therapy and the investigator believed that they
were continuingto derive clinical benefit. After a patient was assessed
as having RECIST progressive disease the treatment was continued
until confirmation of immune-related progressive disease. This was
defined as an additional >220% increase in tumour burden (that is, the
sum of diameters of both target and new measurable lesions) as per
the modified immune-related RECIST (irRECIST) criteria®, which were
used to evaluate the response to and duration of treatment beyond
progression.

The primary objective of the phase 2 study was to estimate the
overall response rate based on RECIST v1.1. Secondary endpoints
included safety, overall survival, progression-free survival, disease
control rate (defined as the proportion of patients with either an objec-
tive response (that is, partial or complete response) or a best overall
response of stable disease recorded at least 24 weeks (+1 week) after
the date of the first dose of study drug), time to response, duration of
response (defined as the time from the date of the first documented
objective response (that is, partial or complete response) until the
date of documented disease progression or death by any cause in the
absence of disease progression), and the rate and duration of minor
response, defined as a10-29% reduction in the sum of the longest
diameters of target lesions (Methods). Imaging-based endpoints were
assessed by blinded, independent central review. For overall survival,
patients who did not die were censored on the date on which they
were last known to be alive. For progression-free survival and dura-
tion of response, patients who were known to be alive and without
disease progression were censored at the date on which they were
last known to be progression free. To assess potential predictors of
efficacy of tebentafusp, changesin serum ctDNA levels were measured
using a custom panel including mutations commonly found in uveal
melanoma (GNAQ Q209L/P; GNA11 Q209L; SF3B1K700E, R625L/H/C;
PLCB4 D630N/Y/V; CYSLTR2 L129Q; and EIF1AX G15D) (Methods and
Supplementary Table 4).

Patients and treatment

Ofthe 148 HLA-A*02:01-positive patients screened, 127 patients met the
eligibility criteria and were enrolled between January and December
2017 in 26 study centers in five countries (Canada, Germany, Spain,
United Kingdom and United States) (Extended Data Fig.1). The median
age was 61 years (range, 25-88 years) and 50% of patients were male
(Table 1). The majority of patients (96%) had hepatic involvement. A
total of 53% of patients had either AmericanJoint Committee on Cancer
(AJCC) M1b or Mic disease and 58% of patients had a baseline lactate
dehydrogenase (LDH) level above the upper limit of normal (ULN). The
median time from initial diagnosis to the development of metastatic
disease was 3 years (range, 0-28 years) and the median and mean time
since primary diagnosis to enrollment was 4.4 and 6.3 years (range,
1-28 years), respectively. All patients had received at least one prior
line of therapy in the metastatic setting, with 34% receiving >2 lines
of prior systemic (tliver-directed) therapy. More than two-thirds of
patients (n =90) received priorimmune checkpointinhibition, of whom
68% had primary resistance to treatment with a prior best response
of progressive disease, and 32% relapsed, with a prior best response
of at least stable disease, following treatment. At the time of data
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Table 1| Demographics and baseline characteristics

Phase 2 Baseline ctDNA (n=94)

(n=127) <Median baseline ctDNA (n=47) >Median baseline ctDNA (n=47)

Age (years), median (range) 61(25-88) 62(37-84) 60 (25-88)
Male sex, n (%) 63 (50) 21(45) 29 (62)

ECOG performance status, n (%)

(] 89 (70) 37(79) 32(68)

1 38(30) 10 (21) 15 (32)
Time since primary diagnosis (years), median (range) 4.4 (1-28) 4.2 (1-23) 4.3 (1-28)
Time from primary diagnosis to metastatic disease (years), median (range) 3(0-28) 3(0-22) 3(0-28)
No. of prior anti-cancer therapy regimens in the metastatic setting, median (range) 1(1-5) 1(1-4) 1(1-4)

Previous anti-cancer therapy type in metastatic setting, n (%)

Any 127 (100) 47 (100) 47 (100)
Systemic 105 (83) 38(81) 38(81)
Immunotherapy 92(72) 35 (74) 30 (64)
Anti-PD1/Anti-PD-L1 monotherapy 52(41) 24 (51) 12(26)
Anti-CTLA4 monotherapy 8(6) 3(6) 2(4)
Anti-CTLA4 and Anti-PD1 30 (24) 9(19) 13 (28)
Other immunotherapy 5(4) 2(4) 3(6)
Chemotherapy 14(1) 4(9) 6(13)
Targeted therapy 10 (8) 2(4) 8(17)
Other 6(5) 3(6) 1(2)
Radiotherapy® 10 (8) 4(9) 2(4)
Liver-directed therapy®® 57 (45) 23(49) 21(45)
Surgery® 15 (12) 7(15) 4(9)
>2 lines of prior systemic anti-cancer therapy®, n (%) 43 (34) 16 (34) 17 (36)

Previous anti-cancer therapy for primary disease, n (%)

Any 125 (98) 46 (98) 47 (100)
Surgery? 41(32) 12 (26) 14 (30)
Enucleation 40 (32) 12(26) 14 (30)
Radiotherapy® 94 (74) 35 (74) 37(79)
Brachytherapy 79 (62) 28 (60) 31(66)
Systemic 1(9)¢ 6 (13) 3(6)
Elevated baseline LDH (>ULN), n (%) 74 (58) 18 (38) 41(87)
Elevated baseline ALP (>ULN), n (%) 37(29) 7 (15) 22 (47)
Baseline ALC>1.0x10%L, n (%) 102 (80) 42(89) 34(72)

Metastasis location, n (%)

Any hepatic 122 (97) 47 (100) 47 (100)
Hepatic only 47 (37) 22 (47) 13 (28)
Hepatic and extrahepatic 75 (59) 22 (47) 33(70)

Extrahepatic only 4(3) 2(4) 1(2)

Missing® 1(1) 1(2) 0(0)

Largest liver lesion'

M1a (<3cm) 45 (35) 22 (47) 8(17)

M1b (>3cm-<8cm) 50 (39) 18 (38) 18 (38)

M1c (>8cm) 17 (13) 2(4) 15(32)

ALC, absolute lymphocyte count; ALP, alkaline phosphatase; ECOG, Eastern Cooperative Oncology Group; ICR, independent central review; LDH, lactate dehydrogenase; ULN, upper

limit of normal. °Medically reviewed therapy types based on the coded term, reported term, electronic case report form therapy class, and reason for therapy. Also includes liver-directed
chemotherapeutic agents. PLiver-directed therapies include the following sub-categories: ablation, bland embolization, chemoembolization, immunoembolization, perfusion, radiation and
radioembolization. °Includes patients receiving liver-directed therapy in combination with systemic therapy. “One patient received targeted therapy, two patients received immunotherapy
(one received anti-PD1/L1 monotherapy and one received combination anti-CTLA4 and anti-PD1) and eight patients (6%) had missing information regarding the type of systemic therapy
received in the primary setting. ®Measurable lesion by investigator was not confirmed by ICR. ‘Liver metastases measurements based on ICR of target liver lesions only (AJCC Cancer Staging
8th edition). Two-sided Fisher’s exact tests were conducted between categorical patient groups defined by baseline ctDNA and clinical characteristics.
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Table 2 | Most common treatment-related adverse events?

Any grade Grade23
n (%) n (%)
Any adverse event 127 (100) 59 (47)
Cytokine mediated
CRSP 109 (86) 5(4)
Pyrexia 101(80) 5(4)
Chills 81(64) 101)
Nausea 75 (59) 2(2)
Fatigue 66 (52) 4(3)
Hypotension 52 (41) 10 (8)
Vomiting 44 (35) 101
Headache 30(24) 1(1)
Skin related
Rash® 111 (87) 20 (16)
Pruritus 85 (67) 5(4)
Dry skin 50 (39) 101)
Periorbital edema 34(27) 0
Edema peripheral 33(26) 101
Hair color changes 32(25) 0
Skin exfoliation 28 (22) 0

“Treatment-related adverse events that were present in at least 20% of patients at any

grade. "Cytokine release syndrome (CRS) was graded according to the 2019 ASTCT
Consensus Grading for CRS. °Rash is a composite term for a list of skin toxicities of any grade
(Supplementary Table 1).

cut-off the median duration of study follow-up was 19.5 months (95%
Cl:16-22.2 months).

Analysis of tumour biopsies (n = 63) showed that 61 (97%) had
likely loss of one copy of BAPI (Methods), 23 (37%) had mutations in
the gene encoding GNAQ, 26 (41%) in GNAL1, three (5%) in CYSLTR2,
one (2%) in PLCB4 and 11 (17%) in SF3B1. Mutations in E/FIAX were not
detected in tumour biopsies.

All127 patients (100%) received the study drug, of whom 21 (17%)
remained on treatment at the time of data cut-off. The median dura-
tion of treatment was 5.5 months (range, 0-35 months). The primary
reason for treatment discontinuation was disease progression (70%);
six patients (5%) discontinued treatment due to an adverse event
regardless of causality. At the data cut-off date, 53 patients (42%)
remained in the study and 74 (58%) were reported to have ended the
study. Death was the primary cause of study discontinuation (69/74;
93%). Nearly all of the deaths (67/69) were related to disease progres-
sion; the cause of death in two patients was listed as ‘other’, including
cerebrovascular eventinthe setting ofafallin one, and clinical disease
progression inthe other. There were no deaths due to adverse events
or caused by the study drug (Extended Data Fig.1).

Safety and adverse events

All patients had at least one treatment-related adverse event (Table 2
and Supplementary Table 2). The most frequently reported
treatment-related adverse events of any grade could be classified as
skinrelated, due to the targeting of gp100-positive melanocytes, or
cytokine related, due to T cell activation, and included rash (87%),
pyrexia (80%), pruritus (67%) and chills (64%). A total of 51 patients
(40%) had agrade 3 event as their maximumgrade, one-third of which
wererash events (n =20), and eight patients (6%) had agrade 4-related
adverse event (hypotensionand multiple organ dysfunction syndrome
in one patient; lymphopenia; y-glutamyltransferase increased; atrial
fibrillation; amylase increased; hypophosphatemia; hypokalemia; and

aspartate aminotransferase increased). A total of 25 patients (20%), 21
patients (17%) and four patients (3%) had treatment-related adverse
eventsleading to hospitalization, dose interruptions and drug discon-
tinuation, respectively. Following the 16 hour observation period after
the first three doses, seven patients (6%) required an additional over-
nightstay duetoatreatment-related adverse event. Treatment-related
adverse events leading to discontinuation included atrial fibrillation
and cytokine release syndrome, multiple organ dysfunction syndrome
and cytokine release syndrome, left ventricular dysfunction, and dysp-
nea. There were no treatment-related deaths.

Consistent with the phase 1 studies, adverse events related to
tebentafusp, including rash, generally occurred early in the course of
treatment and reduced inincidence and severity with repeated dosing,
with ~65% of patients having rash from weeks 1to 3 and 23% in week
8 (Fig. 1). Patients with symptomatic rash were generally managed
successfully with antihistamine and topical corticosteroid therapy,
and no patient discontinued treatment due to rash.

Cytokinerelease syndromeisacommon adverse event with T cell
engaging therapies and 109 patients (86%) had cytokine release syn-
drome based on American Society for Transplantation and Cellular
Therapy (ASTCT) consensus grading criteria*®. Most patients had
either grade 1 (33%) or grade 2 (49%) cytokine release syndrome as
theirmaximumgrade. Very few patients had grade 3 (3.1%) or 4 (0.8%)
events. Two patients had cytokine release syndrome events leading to
discontinuation, including a patient who had a serious adverse event
ofgrade 3 cytokine release syndrome oncycle1day1(C1D1) withacon-
current serious adverse event of grade 4 atrial fibrillation. The patient
wastreated withi.v. fluids, paracetamol, i.v. methylprednisolone, and
oxygen. The cytokine release syndrome resolved the next day and the
study drug was discontinued due to the event of atrial fibrillation.
The second patient had grade 4 cytokine release syndrome on C1D1
with concurrent adverse events of grade 1 pyrexia, grade 4 hypoten-
sion and grade 4 multiple organ dysfunction. The patient received
i.v. fluids followed by i.v. steroids, tocilizumab and vasopressors and
was intubated for respiratory support. The event of cytokine release
syndrome resolved 2 days later, and the study drug was discontinued
due to the event of multiple organ dysfunction.

The onset of cytokine release syndrome, based on an increase
in body temperature, generally began within 8-10 hours following
administration and, as with other treatment-related adverse events,
most events occurred following the first three doses, with a marked
reductionintheincidence and severity of cytokine release syndrome
thereafter (Fig. 1). All five grade 3 and 4 episodes occurred following
oneoftheinitial two doses, during the step-up dosing regimen. Patients
were generally treated with antipyretics (n = 96,88%), i.v. fluids (n = 48,
44%) and/or systemic glucocorticoids (n =28, 26%). Supplemental
oxygen (n=9,8%), vasopressors (n=2,2%) and tocilizumab (n = 2,2%)
were less frequently used to manage more severe cases.

Tumour response and progression-free survival
The primary endpoint of overall response rate as per RECIST v1.1 by
independent central review was 5% (95% CI: 2-10%) (Table 3), with six
patients achieving a partial response (Extended Data Fig. 2). Of these
six patients, three had ongoing responses for >6 months, one had an
ongoing response for >12 months and one patient was censored at
5.3 months. The median duration of response was 8.7 months (95% ClI:
5.6-24.5 months) and the median time to response was 4.6 months,
with response times ranging from 1.6 to 20.5 months.

Of the 127 patients, 57 (45%) achieved stable disease at >8 weeks.
The disease control rate was 32% (n = 40; 95% Cl: 24-40%) at >16 weeks
and 23% (n=29; 95% CI: 16-31%) at =24 weeks. Any tumour shrinkage
of target lesions was observed in 44% (n = 51) of evaluable patients
(n=116), including 10 of 55 patients (18%) with abest RECIST response
of progressive disease (Extended Data Fig. 3a), consistent with radio-
graphic pseudoprogression.
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Fig.1|Incidence and severity of treatment-related adverse events after the
initial tebentafusp doses. Percentage of treated patients with grade 1-2 grade
3-4 treatment-related adverse events after each dose of tebentafusp. A total of

127 patients received dose 1,122 received dose 2,122 received dose 3, 119 received
dose 4 and 113 received dose 8. There were no treatment-related deaths.
CRS, cytokine release syndrome.

Table 3 | Best overall RECIST response rate

Tebentafusp (n=127)

n (%), (95% ClI)

Objective response rate 6 (5), (2-10%)

Partial response 6(5)
Stable disease? 57 (45)
Minor response® 8(6)
Progressive disease 60 (47)
Non-evaluable/Not applicable 4(3)

Disease control rate at 224 weeks (CR/PR/SD) 29 (23), (16-31%)

Tumour assessment was based on RECIST v1.1 by independent central review. °Stable disease
>8weeks A minor response was defined as a reduction from baseline in the sum of longest
diameters (or short axis for lymph nodes) of target lesions (mm) of 10-29%, where non-target
lesion response was not unequivocal progression, and no new lesions were present.
Confirmation was required after >4 weeks. CR, complete response; PR, partial response; SD,
stable disease.

The median progression-free survival was 2.8 months (95% CI:
2-3.6 months). The estimated progression-free survival rates were
25% (95% ClI:18-33%) at 6 months and 11% (95% Cl: 6-17%) at 12 months
(Extended DataFig.4). Atotal of 90 patients (71%) were treated beyond
initial disease progression, with a median duration of treatment fol-
lowing confirmation of RECIST progressive disease of 2.9 months
(range, 0-23.1 months; Extended Data Fig. 5). Of these patients, six (7%)
achieved immune-related stable disease and 69 (77%) had confirmed
immune-related progressive disease, per modified irRECIST as assessed
byblinded, independent central review.

Overallsurvival

With a median duration of study follow-up of 19.5 months (95% CI:
16-22.2 months), the median overall survival was 16.8 months (95% CI:
12.9-21.3 months) in this patient population with previously treated
metastatic uveal melanoma. The estimated 1 year and 2 year overall sur-
vival rates were 62% (95% Cl: 53-70%) (Fig. 2) and 37% (95% CI. 27-48%),
respectively. Longer survival was associated with development of any
tumour shrinkage, including partial response by RECIST criteria, with
most patients (86%) with tebentafusp-induced tumour shrinkage alive
at12 months (Extended DataFig. 3b). Even among patients with tumour

growth (=20% increase from baseline) as best change on treatment, 43%
(12/28) were alive at 12 months. In predefined subgroup analyses, the over-
allsurvival at1year was 51% in patients =65 years of age, 45% for patients
withelevated LDH atbaseline,and 75%, 60% and 25% in patients with larg-
est target liver metastasis at baseline of <3 cm(Mla), >3 cmto <8 cm (M1b)
and >8 cm (Mlc), respectively. In patients who had previously relapsed
(best overall response of complete response, partial response or stable
disease on prior therapy) following immunological checkpoint inhibi-
tion,1year overall survival was 76% (95% CI: 56-88%) compared with 60%
(95% CI: 46-71%) in patients who were refractory (best overall response
of progressive disease on prior therapy) to prior checkpoint inhibition
(Supplementary Table 3). This survival appears superior when compared
withsimilar populations from meta-analyses (Extended Data Figs. 6 and
7) or with patients in the control arm of the randomized phase 3 study”
whoreceived subsequent therapy (Extended Data Fig. 8).

Early ctDNA reduction correlates with overall survival
On-treatmentreductionsin ctDNA levels have been previously shown
to correlate with clinical outcome in studies involving checkpoint
blockade®*2. Therefore, we evaluated ctDNA levels at baseline and at
weeks 5,9 and 25 after completion of one, two and six cycles of treat-
ment, respectively. Of the 127 patientsin the trial, 118 (93%) had evalu-
able serum samples, with most (109/118; 92%) found to have detectable
ctDNA at any timepoint up to and including week 9 (baseline, week 5,
week 9). Atotal of 99 of these 118 patients (84%) had detectable ctDNA at
baseline and on treatment, of whom 94 had mutations detected in one
or more uveal melanoma genes (GNAQ, GNA11,SF3B1, PLCB4, CYSLTR2)
atavariantallelic frequency of >0.3 at baseline and were included in
the analyses (Methods, Table 1and Supplementary Table 4). Given that
patient datawere limited at week 25, this timepoint was excluded from
analysis. In the subset of patients (n = 45) with both baseline ctDNA
data and mutational analysis from tumour biopsies, there was good
concordance: 82% of the known uveal melanoma-specific mutations
inctDNA were also found in tumour biopsies; for mutationsin GNAQ/
GNA11the concordance was 85% (Supplementary Table 5), and 43 of 45
tumour samples (96%) had likely loss of one copy of BAPI (see Methods).
However, the sensitivity of base calling in the sequencing of tumour
biopsies was lower due to alack of matched normaltissue. For patients
with known uveal mutations detected in both tumour biopsies and
ctDNA (n =38), concordance was 97%. Only one patient had detectable
EIFIAX mutations in ctDNA at week 5.
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Fig.2| Overall survival for tebentafusp-treated patients with metastatic
uveal melanoma. Kaplan-Meier plot of overall survival (n =127). Events are
deaths due to any cause. Patients not known to have died at the time of analysis
are censored (+). The median overall survival was 16.8 months (95% CI:

32 23 15 9 4 3 0

12.9-21.3 months) with alyear overall survival rate of 62% (95% Cl: 53-70%). The
1year overall survival rate, median overall survival and corresponding two-sided,
95% confidence intervals were estimated using the Kaplan-Meier method.

Mean tumour molecules per ml serum detected at baseline was
strongly correlated with tumour burden as defined using the RECIST
sum of longest diameters of the target lesions (Spearman’s r = 0.6,
P=6.4x10") and baseline LDH (Spearman’s r=0.77, P= 6.76 x10™";
Extended Data Fig. 9a,b, respectively). Likewise, subgroups with
larger tumours or serum alkaline phosphatase or LDH above ULN
were more likely to have ctDNA levels above the median (Table 1). No
association of baseline ctDNA level with prior immunotherapy was
detected (P=0.42; Extended Data Fig. 9c), although a higher percent-
age of patients who received anti-programmed cell death 1 (anti-PD1)
oranti-PD-L1 monotherapy had below-median levels of baseline ctDNA
(P=0.019, Fisher’s exact test; Table 1). However, patient numbers are
small, and such an association was not observed for anti-cytotoxic
T lymphocyte antigen (anti-CTLA) monotherapy or combination
anti-PD1 and anti-CTL4. There was also no association between base-
line ctDNA level and cytokine release syndrome, but baseline ctDNA
was marginally higher in patients who did not have rash in week 1
(Extended DataFig. 9d,e). Consistent with the association with meas-
ures of tumour burden (RECIST sum of longest diameters of the target
lesions and LDH), baseline ctDNA levels were associated with overall
survival. The subset of patients with below-median levels of ctDNA had
longer overall survival compared with the subset with above-median
levels of ctDNA at baseline (HR 0.23,95% Cl: 0.13-0.41, P=2.05x107;
Extended Data Fig. 10a). Notably, seven of the nine patients without
detectable ctDNA at baseline were alive after 12 months and none of
the nine patients had detectable ctDNA by week 9.

By weeks 5 and 9, 66% of patients (59/90) and 71% of patients
(67/94), respectively, with baseline and on treatment measurements
of mean tumour molecules per ml serum had any (>0) ctDNA reduction
(Supplementary Table 6 and Fig. 3a). Atotal of 29% of patients (27/94)
had anincrease in ctDNA by week 9, and there were no patients who
did not have some change from baseline ctDNA levels (Fig. 3a). Twelve
patients had complete ctDNA clearance (undetectable), of whom one
had a partial response, seven had stable disease, three had progressive
disease and one was non-evaluable by RECIST (Supplementary Table 7).

For the remaining 82 patients without ctDNA clearance, three had a
partial response, 34 had stable disease, 44 had progressive disease
and one was non-evaluable by RECIST (Supplementary Table 7). The
magnitude of ctDNA reduction by week 9 was strongly associated
withimprovementinoverall survival (R*= 0.9, P=8.89 x107):a0.1log
reduction was associated withan HR of 0.8, while a1 log reduction was
associated with an HR of 0.4, a 2 log reduction was associated with
an HR of 0.2, a 3 log reduction was associated with an HR of 0.2, and
ctDNA clearance was associated with an HR of 0.1 (Fig. 3b). The 1 year
overallsurvival rate in patients with ctDNA clearance (n = 12) was100%
compared with 52% inthose with increased ctDNA (n =27) (Fig.3cand
Extended Data Fig. 10b). Even in the subset with >1 log reduction in
ctDNA but without clearance there was a trend for longer overall sur-
vival (Extended Data Fig. 10c). Notably, of the 47 patients with a best
radiographicresponse of progressive disease who were also evaluable
for ctDNA, one-third (n=16) hada>0.5 logreductionin ctDNA by week
9,including three with ctDNA clearance; 14 patients (30%) had <0.5 log
reductionand17 (36%) had increased ctDNA (Supplementary Table 7).
Inthese patients with progressive disease, ctDNA reduction of >0.5 log
(including patients who cleared their ctDNA) was associated with
improved overall survival, compared with patients with progressive
disease with a <0.5 log ctDNA reduction or ctDNA increase (HR 0.47,
95%Cl:0.22-1.01, P= 0.042; Fig. 3d and Extended DataFig.10d). Of the
16 patients with progressive disease with >0.5 log reduction of ctDNA
by week 9,12 developed new lesions.

Discussion

Data from this study provide the longest follow-up of overall survival
and safety of a soluble TCR therapeutic to date. The observed 1 year
overallsurvival rate of 62% and median overall survival of16.8 months
compare very favorably with an analysis using data on a similar popu-
lation of previously treated patients with metastatic uveal melanoma
from a recent meta-analysis that resulted in a1l year overall survival
of 37% and a median overall survival of 7.8 months'®. These data also
support the recent approval of tebentafusp for HLA-A*02:01-positive
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number. b, Correlation between ctDNA reduction in patients with metastatic
uveal melanoma by week 9 with tebentafusp and the HR for death (R*= 0.9,
P=8.89 x107 by linear model (two sided); n = 94). Hazard ratios were derived by
comparing subsets of patients with ctDNA above or below the thresholds given
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n=31) by week 9 (HRfor death 0.47,95% CI: 0.22-1.01, P= 0.042) (d). b-d, Hazard
ratios and confidence intervals were generated using a Cox proportional hazard
model. Pvalues were generated using a two-sided Cox likelihood ratio test.

adult patients with unresectable metastatic uveal melanoma regard-
less of prior treatment history in the United States, European Union
and United Kingdom.

In this cohort of previously treated patients, tebentafusp had a
predictable and manageable safety profile supported by avery lowrate
(3%) of treatment discontinuation due to treatment-related adverse
events and no treatment-related deaths. As observed in the phase 1
study and the recent phase 3 study, most treatment-related adverse
events recorded could be classified as either skin related or cytokine
mediated, consistent with tebentafusp’s proposed mechanism of
action. After each of thefirst three doses patients need to be monitored
foratleast16 hours, to facilitate promptintervention and management
when the risk for cytokine release syndrome is highest. Following the
first few doses, treatment-related adverse events tend to decrease in
both frequency and severity, enabling the monitoring period to be
shortened to 30-60 minutes.

RECIST vl.1 underestimated the degree of clinical benefit from
tebentafusp. Although the primary endpoint of overall response
rate was low at 5%, 44% of patients achieved some degree of tumour
shrinkage. More than 70% of all of the patients were treated beyond
initial radiographic progression, and nearly half of the patients with
tumour growth (>20%) as best response were alive at 12 months.
This pattern of clinical benefit is similar to what was observed in the
randomized phase 3 trial of tebentafusp versus investigator’s choice

in previously untreated patients with metastatic uveal melanoma, in
whichtebentafusp-treated patients with a best response of progressive
disease had abetter overall survival than patients with abest response
of progressive disease on the investigator’s choice control arm
(HR 0.43)". Together, these data highlight the need for new measures
of clinical activity that correlate with overall survival for this new class
ofimmuno-oncology therapy.

Higher levels of ctDNA at baseline have been shown to be correlated
with tumour burden and poor prognosis, while on-treatment reduc-
tionsin ctDNA are associated with improved outcomes, including pro-
longed progression-free survival and overall survival®****., In arecent
analysis of samples from patients with 16 advanced stage tumour types
treated with checkpoint inhibition (durvalumab + tremelimumab),
early on-treatment reductions in ctDNA were not only associated with
improved survival but were also able to be used to differentiate respond-
ersfromnon-respondersinpatientswho had radiologicstable disease at
their firstassessment*. Likewise, in this study we observed a significant
linear relationship between the level of ctDNA reduction and overall
survival. Baseline ctDNA levels correlated with tumour burden and,
by week 9 on tebentafusp, more than two-thirds of patients had some
degree of ctDNA reduction, with greater reduction being associated
with longer survival. This association was true even for patients with
abest radiographic response of progressive disease, three of whom
had complete ctDNA clearance, which may reflect changes in tumour
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size on treatment due to immune activation and infiltration into the
tumour rather than frank tumour growth, as proposed for other forms
of immuno-oncology therapy*>*. Additionally, tumour-infiltrating
lymphocytes, edema and tumour necrosis without clearance of debris
could alsoresultin the appearance of radiographic progressionin the
presence of ctDNA reduction or clearance.

In a study of 125 melanoma patients, Lee et al.** demonstrated
that ctDNA reduction had utility in identifying the nine patients with
pseudoprogression and was associated with overall survival in that
subset. In this study with a larger percentage of patients having long
overall survival despite apparent radiographic progression, we used
a quantitative approach to demonstrate that ctDNA reduction even
without complete clearance can provide useful information regarding
benefit from tebentafusp. These findings suggest that early reductions
in ctDNA reflect tebentafusp-related activity in the tumour and may
provide a more precise molecular predictor of clinical response to
tebentafusp than traditional radiographic response criteria. Further
studies are needed to assess how changes in ctDNA correlate with
other pharmacodynamic changesincludingT cell infiltrationinto the
tumour**, and whether other potential surrogate endpoints, such as
radiomic features of tumour lesions (particularly change in tumour
heterogeneity)*, can be identified that better capture these changes*.

Commonly used approaches for analyzing ctDNA include
next-generation sequencing or digital droplet (dd) polymerase chain
reaction (PCR)". Both approaches have their strengths and limita-
tions: ddPCR can be economical but needs to be focused on known
mutations and can be challenging to optimize for certain mutations.
Next-generation sequencing can enable discovery of new mutations
butcanbeless cost-effective. Here, we used multiplex PCR followed by
next-generation sequencing to enable discovery of new variants and
for convenience, given that it fitted into other sequencing projects
ongoinginthelaboratory.

Our study was limited by the absence of acontrol arm. To interpret
the clinical findings, we compared overall survival from this study with
that of published studies of first-line ipilimumab plus nivolumab as
wellasthe Rantala et al. and the Khoja et al. meta-analyses'® 'S, We also
performed a propensity score analysis that accounts for differencesin
baseline prognostic factors between patientsin this study and patients
randomized to the control arm of the phase 3 study (IMCgp100-202)
who received subsequent therapy after progression®. This latter data-
set represents the most recent overall survival follow-up of a second
line plus metastatic uveal melanoma populationavailable in the public
domain. In each case, the overall survival from previously treated
metastatic uveal melanoma for patients who received tebentafusp in
this study was found to be superior to the comparator.

The exploratory analysis of ctDNA levels was a retrospective
hypothesis-generating analysis using samples collected from a
single-arm phase 2 trial, thus limiting interpretation. These results
need to be confirmedin a prospective randomized study before ctDNA
dynamics ontebentafusp canbeintroduced to routine clinical practice
to manage patient treatment.

In conclusion, tebentafusp demonstrates a promising survival
benefit for patients with metastatic disease that has progressed on at
least one line of prior therapy, with ctDNA as an early indicator of ben-
efit. The addition of ctDNA analysis to assess the molecular response to
treatment may provide a more sensitive means than standard imaging
studies to identify those patients who will benefit most from teben-
tafusp treatment.

Online content

Any methods, additional references, Nature Research reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
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Methods

Study design and participants

This open-label, international, phase 1/2 study (NCT02570308) was
composed of aphase 1dose escalation and aninitial expansion cohort
that was subsequently expanded into a full phase 2 expansion study.
The primary objective of the phase 1 portion of the study was toidentify
the maximum tolerated dose and determine the recommended phase
2 dose, the results of which are reported elsewhere”. The primary
objective of the phase 2 portion was to estimate the objective response
rate based on RECIST v1.1 (ref. *%) in patients treated at the recom-
mended phase 2 dose of tebentafusp. Secondary objectives included
assessment of the safety and antitumour efficacy of tebentafusp with
the parameters of overall survival, progression-free survival, disease
control rate (defined as the proportion of patients with either an objec-
tive response (that is, partial or complete response) or a best over-
all response of stable disease recorded at least 24 weeks (+1 week)
after the date of first dose of study drug), time to response, duration
of response (defined as the time from the date of first documented
objective response (complete or partial response) until the date of
documented disease progression or death by any causein the absence
of disease progression), and the rate and duration of minor response
(defined as tumour response with a10%-29% reduction in the sum of
the longest diameters of the target lesions).

Patients with aninitial assessment of progressive disease accord-
ing to RECIST v1.1 could continue therapy beyond initial progressive
disease, provided that they did not have symptomatic progression
requiring alternative therapy and the investigator believed they were
continuing to derive clinical benefit. The modified immune-related
RECIST (irRECIST) criteria® were used to evaluate response to treat-
mentbeyond progression. Tumour-based endpoints were assessed by a
blinded, independent central review withinvestigator assessment data
collected as asecondary evaluation. To assess potential predictors of
the efficacy of tebentafusp, change in serum ctDNA level in response
to treatment was also measured.

The trial was carried out in accordance with the principles of the
Declaration of Helsinki and Good Clinical Practice guidelines, and the
study protocol was approved by the relevant ethics bodies at each
participating site: Princess Margaret Cancer Centre, Toronto, Canada;
Charite Universitaetsmedizin Berlin — Campus Benjamin Franklin,
Berlin, Germany; Universitaetsklinikum Heidelberg, Heidelberg, Ger-
many; Institut Catala d’Oncologia (ICO) 'Hospitalet, Hospital Duran i
Reynals, Barcelona, Spain; Hospital Universitario Virgen Macarena,
Seville, Spain; Centro de Investigacion Biomédica en Red de Cancer
(CIBERONC), Madrid, Spain/Hospital Universitario La Paz, Madrid,
Spain; Hospital General Universitario de Valencia, Valencia, Spain;
The Clatterbridge Cancer Centre, Wirral, UK; Mount Vernon Cancer
Centre, Northwood, UK; Columbia University Medical Center, New
York, USA; Washington University School of Medicine, St Louis, USA;
Thomas Jefferson University Hospital, Philadelphia, USA; Vanderbilt
University Medical Center, Nashville, USA; Memorial Sloan Kettering
Cancer Center, New York, USA; University of Colorado Cancer Center,
Aurora, USA; The Angeles Clinic and Research Institute, a Cedars-Sinai
Affiliate, Los Angeles, USA; H. Lee Moffitt Cancer Center and Research
Institute, Inc., Tampa, USA; University of California San Diego Moores
Cancer Center, Lajolla, USA; California Pacific Medical Center, San
Francisco, USA; Baylor Scott & White Health, Dallas, USA; Dean A.
McGee Eye Institute, University of Oklahoma, Oklahoma City, USA;
Georgetown University - Lombardi Comprehensive Cancer Center,
Washington, USA; University of Miami Hospital Clinics/Sylvester Com-
prehensive Cancer Center, USA; The University of Chicago Medical
Center, Chicago, USA; Roswell Park Cancer Institute, Buffalo, USA; and
Providence Portland Medical Center, Portland, USA. Patients provided
written informed consent before being screened for enrollment. The
eligibility criteria for study enrollment included being >18 years of
age and having a histologically or cytologically confirmed diagnosis

of metastatic uveal melanoma, a life expectancy of >3 months as esti-
mated by the investigator, a positive test for HLA-A*02:01 as assessed
by central assay, measurable disease according to RECIST v1.1, hav-
ing disease progression while on one or two prior lines of therapy
(including chemotherapy, immunotherapy, or targeted therapy) in the
metastatic or advanced setting, and an Eastern Cooperative Oncology
Group (ECOG) performance score of <1. Patients were excluded from
the study ifthey had symptomatic or untreated central nervous system
metastases or central nervous system metastases that required doses of
corticosteroids within 3 weeks prior to study day 1, a history of severe
hypersensitivity reactions to other biologic drugs or monoclonal
antibodies, out-of-range protocol-defined laboratory parameters,
or clinically significant cardiac disease or impaired cardiac function.

Procedures

Tebentafusp was given intravenously using a step-up weekly dosing
regimen that was optimized during the phase 1 portion of the study?.
Inthis phase 2 portion of the study, all patients received 20 pgoncycle1
day1(C1D1),30 pgoncyclelday 8 (C1D8), and then the recommended
phase 2 dose of 68 pg on cycle 1 day 15 (C1D15) and weekly thereafter
in cycles of 4 weeks (28 days). Following at least the first three infu-
sions, patients were observed for a minimum of 16 h for monitoring
of vital signs and, if necessary, provision of supportive care. After
this induction period and provided that no grade 2 or higher hypo-
tension was noted, the observation period for tebentafusp could be
reduced to 30-60 min. Treatment continued until confirmation of
disease progression as per the modified irRECIST Criteria, intolerable
toxicity, investigator decision, or patient withdrawal of consent. The
modification to irRECIST was to redefine confirmed immune-related
progressive disease as unequivocal progression of non-target lesions
and/or new non-measurable disease or an additional 20% increase in
tumour burden (that is, the sum of diameters of both the target and
measurable new lesions) from the initial progressive disease assess-
ment per RECIST vl.1rather than from the nadir. Anindependent data
monitoring committee was established to provide oversight of safety
and efficacy considerations and to give advice and recommendations
regarding stepsto ensure both patient safety and the ethical integrity
of the study. Radiologic assessments were performed every 8 weeks
from C1D1until C11D1 (40 weeks), then every 12 weeks until progressive
disease as per RECIST v1.1,immune-related progressive disease as per
the modified irRECIST for patients who continued treatment beyond
progressive disease per RECIST v1.1, or discontinuation of study drug.

Outcomes

Treatment efficacy was assessed using RECIST v1.1and Kaplan-Meier
survival analysis. Overall survival was measured from the start of treat-
ment to the time of death. Patients were censored on the last date on
which they were known to be alive. Adverse events were assessed by
theinvestigator and graded as per the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (CTCAE), version 4.03,
except for cytokinerelease syndrome, whichwas graded accordingto
the 2019 ASTCT Consensus Grading for Cytokine Release Syndrome*°.
Rashis acomposite term for a list of skin toxicities of any grade (Sup-
plementary Table1).

Circulating tumour DNA analysis

Serum samples collected at baseline and at weeks 5,9 and 25 on treat-
ment were used to assess the ctDNA level. The analysis focused on
mutations up to and including the week 9 on-treatment timepoint
giventhat patient datawere sparse at the week 25 timepoint. A custom
panel of mutations commonly found in uveal melanomawas designed
to assess changes in ctDNA (Natera; Supplementary Data Table 4).
Using a panel-based ctDNA approach as in this study, the assessment
of BAP1 copy number loss and mutations is very challenging because
they can be spread across the gene, without a hotspot. Moreover,
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genomic studies indicated that BAP1 alterations (copy number loss
or mutations) are almost always present in the context of other uveal
melanoma mutations, particularly GNAQ or GNALI (refs. ***°), which
are well-covered by the ctDNA panel used here. For this reason, BAP1
was notincludedin this ctDNA panel. ctDNA was amplified using mul-
tiplex PCRand analyzed with next-generation sequencing (performed
by NateraInc). Variants with allele frequencies <0.3% at baseline were
excluded from the analysis™®.

Tumour mutation analysis

All of the tumour biopsies were from sites of metastasis, with the major-
ity of samples coming from liver metastases. Tumour biopsies were
analyzed for mutationsin GNAQ, GNA11, PLCB4, CYSLTR2, SF3B1and
EIF1IAX. DNA libraries were generated from tumour biopsy samples,
which were snap frozen, using the lllumina ExomeSeq all exon v6 kit.
Paired end fragments of 100 bp in length were sequenced (50 million
reads per sample) using the [llumina NovaSeq system. The resulting
reads were aligned using BWA-MEM (Burrows-Wheeler aligner - maxi-
mal exact match) v0.7.15. Reads were mapped to the GRCh38 primary
assembly provided by Ensembl. Duplicate reads were flagged using
the MarkDuplicate function of Picard to prevent variant call errors.
Somatic variants were called using MuTect2 (GATK Somatic SNVs and
INDELs 4.1.6.0).

The BAP1 copy number was estimated using CNVKkit v0.9.3 in
tumour-only mode with purity correction estimates on BAMfiles gener-
ated from the BWA-MEM alignment step (as detailed above). Separate
reference files were used for male and female samples. Copy number
loss was defined using a —0.2log, copy ratio cut-off as used in other
analyses of metastatic uveal melanoma samples’. Samples that had a
negative log, copy ratio that was greater than -0.2 were called ‘likely
loss’ due to the inherent limitations of metastatic sample collection
and the absence of a paired normal tissue.

Statistical analysis

Approximately 150 patients were to be enrolled, including a minimum
of 120 patients for RECIST v1.1 evaluation. With 120 patients and an
observed objective response rate of 10% or more, the precisionaround
the estimation of objective response rate was assessed to be 5.3-16.8%
using 95% confidence intervals. The primary analysis of the study was
conducted after 2120 evaluable patients had been enrolled and fol-
lowed for =12 months from the start of treatment.

Data were analyzed and reported based on all patient data up to
the data cut-off date of 20 March 2020, by which time all patients had
at least 1year of follow-up from the start of treatment. Confidence
intervals for objective response rate and related endpoints were cal-
culated using exact methods. Time-to-event endpoints such as overall
survival were analyzed graphically using Kaplan-Meier methods and
the median and 95% confidence intervals were calculated using the
method of Brookmeyer and Crowley. All analyses of efficacy were
performed using PROCFREQ, PROCLIFETEST and PROC PHREG in SAS
v9.4 or R4.1.0 for ctDNA analyses.

Theanalysis set presented hereincludes all patients who received
atleast one full or partial dose of tebentafusp (n =127). All safety analy-
ses were performed using the safety analysis set, which also includes
all patients who received at least one full or partial dose of tebentafusp
(n=127).

Subgroup analyses of best overall response, overall survival and
progression-free survival were conducted for a number of covari-
ates relating to line of therapy, prior therapy, best response to prior
therapy, prior immuno-oncology checkpoint inhibitors and prior
immunotherapy.

Exploratory analyses that compare overall survival results from
this study with external overall survival data from the literature used
separate Cox proportional hazards models to derive hazard ratios
and 95% confidence intervals for each comparison of tebentafusp to

the external dataset. An exploratory overall survival analysis com-
pared patients in this study with patients from the control arm of a
randomized study in front-line metastatic uveal melanoma who had
progressive disease and received subsequent systemic therapy ina
second-line setting according to a statistical analysis plan developed
before the analysis took place. Given that patient-level data were avail-
able for thatanalysis, a propensity score model and inverse probability
of treatment weights were applied to the Kaplan-Meier estimates.
The weighting strategy used was the average treatment effect of the
treated’®, whereby tebentafusp patients from this study received a
weight of 1.0 and the patients who received other systemic therapies
received a weight of p,/(1-p,), where p, represents the probability of
receivingtebentafusp accordingto the propensity score model for the
i-th patient. The hazard ratio comparing tebentafusp to the systemic
therapy group was derived from aweighted Cox proportional hazards
model and the 95% confidence interval was derived using robust sand-
wich estimation from the weighted Cox model.

For analysis of ctDNA, survival analysis was carried out using the
R package survminer v0.4.9, and the Cox likelihood ratio test was used
toassess differences between the survival curves. Univariate Cox pro-
portional hazards methods (R package survival v3.2-11) were used to
model the prognostic importance of potential predictors of survival.
The correlation between hazard ratio and log reductionin ctDNA was
assessed using linear regression (R stats package 4.1).

The Spearman test for correlation, Fisher exact test and the Wil-
coxonrank sum test were used to assess associations between baseline
ctDNA levels and clinically derived patient groupings (tests were two
sided and were carried out using R stats package 4.1).

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

Data availability

Redacted versions of the IMCgp100-102 study protocol and statistical
analysis planare available at ClinicalTrials.gov (NCT02570308). Upon
publication, access to pre-existing summary outputs (tables or figures)
oftrial level datamay be granted to qualified academicresearchersin
the field uponrequest and approval by the study management commit-
tee and subject to appropriate data sharing and transfer agreements.
Requesters should submit a proposalincluding purpose, dataformat
(for example, sas files), hypothesis and specific rationale to info@
immunocore.com. To protect the privacy and confidentiality of the
patients in this study, sequencing data supporting the ctDNA and
tumour mutational analyses have not been made publicly available
in a repository. A source data file containing sequencing data from
tumour biopsies for the uveal melanoma associated genes is provided
as Supplementary information to this manuscript (Supplementary
Table 8). Accessto de-identified gene limited datasets may be granted
to qualified academic researchers 24 months after publication upon
request as outlined above for clinical data.

References

48. Robertson, A. G. et al. Integrative analysis identifies four
molecular and clinical subsets in uveal melanoma. Cancer Cell
32, 204-220 (2017).

49. Shain, A. H. et al. The genetic evolution of metastatic uveal
melanoma. Nat. Genet. 51, 1123-1130 (2019).

50. Imbens, G. W. Nonparametric estimation of average treatment
effects under exogeneity: a review. Rev. Econ. Stat. 86, 4-29
(2004).

Acknowledgements
The authors thank the patients and their families and caregivers
for participating in the study, as well as the study teams at the

Nature Medicine


http://www.nature.com/naturemedicine
https://clinicaltrials.gov/ct2/show/NCT02570308

Article

https://doi.org/10.1038/s41591-022-02015-7

participating sites for their support of this trial and the following
employees of Immunocore: R. Edukulla for statistical analysis support,
M.L. McCully for assistance with the preparation of the manuscript,
and D. Berman and M. Dar for critical review of the manuscript. A.N.S.
was partly supported by Memorial Sloan Kettering Cancer Center’s
National Cancer Institute Cancer Center Core Grant PBOCA008748.
This study was funded by Immunocore Ltd.

Author contributions

The study was designed in a collaboration between Immunocore
(study sponsor) and the authors. R.D.C., P.N.,K.R., C.H., S.E.A., J.J.S.
and T.S. contributed to the conception, design and planning of the
study. All authors contributed in the conduct of the study and the
analysis and interpretation of data. R.D.C., M.O.B., A.N.S., JC.H., A.l.,
L.H.-A.,P.N.,O.H., JM.P, M.R,,D.B.J., J.J.L., E.E.,S.L., J.J.S.and T.S.
enrolled and treated patients and gathered data. R.D.C., L.C., HM.G.,
K.R.,C.H.,S.E.A,, J.J.S. and T.S. analyzed and interpreted data. R.D.C.,
L.C.,K.R., CH., S.E.A,J.)S. and T.S. drafted the manuscript. All authors
critically reviewed iterations of the manuscript and approved the final
draft for submission.

Competinginterests

R.D.C. discloses consulting: Alkermes, BMS, Castle Biosciences,
Delcath, Eisai, Hengrui, Ideaya, Immunocore, InxMed, lovance,
Merck, Novartis, Oncosec, Pierre Fabre, PureTech Health, Regeneron,
Sanofi Genzyme, Sorrento Therapeutics, Trisalus; clinical/scientific
advisory boards: Aura Biosciences, Chimeron, Rgenix. M.O.B.
discloses advisory/consulting: Merck, BMS, Novartis, Sanofi, Pfizer,
Adaptimmune, GSK, Immunocore, EMD Serono, Sun Pharma,
Medison, Instil Bio, IOVANCE; research funding to self: Merck, Takara
Bio; research funding to institution: Merck, BMS, Novartis, Sanofi,
Adaptimmune, Immunocore, Regeneron, Lilly, Amgen, OncoSeq;
Speaker: BMS, Merck, Pfizer, Novartis, Sanofi. A.N.S. discloses
honoraria advisory board/personal fees: BMS, Castle Biosciences,
Immunocore, Novartis; licensing/royalties: UpToDate; research
funding to institution: BMS, Checkmate Pharmaceuticals, Foghorn
Therapeutics, GSK, Immunocore, Novartis, Pfizer, Polaris, Targovax,
Xcovery. J.C.H. discloses advisory boards (self): GSK, MSD, Pierre
Fabre, Sun Pharma; advisory boards (institution): BMS, Immunocore,
Novartis, Nektar, Philogen; contracted research: 4SC, BioNTech, BMS,
Genentech/Roche, Idera, Immunocore, lovance, Nektar, Novartis,
Philogen, Pierre Fabre, Regeneron, Sanofi; honoraria: BMS, MSD,
Novartis, Pierre Fabre, Roche, Sanofi, Sun Pharma; research funding
to institution: BMS, Sun Pharma. A.l. discloses research funding

to institution: Checkmate Pharmaceuticals, Dynavax, GSK/Sarah
Cannon, Immunocore, Merck, Neon Therapeutics/Sarah Cannon.
L.H.-A. discloses advisory/consulting: BMS, Castle Bioscience;
research funding to institution: BMS, AstraZeneca, Merck, Amgen,
Roche, Regeneron, Novartis, Immunocore, Merck-EMD, Corvus,
Polynoma, Genentech, Foghorn. P.N. discloses advisory/consulting:
BMS, Immunocore, Ipsen, Incyte, MSD, Merck, Novartis, Pfizer, 4SC;
speaker’s bureau: BMS, Merck, Novartis, Pfizer; research funding

to institution: Immunocore, Novartis. O.H. discloses contracted
research (institute): Aduro, Akeso, Amgen, Bioatla, BMS, Genentech,
GSK, Idera, Immunocore, Incyte, Merck, NextCure, Novartis, Pfizer,
Sanofi/Regeneron, SeaGen, Zelluna; speaker’s bureau: BMS,
Novartis, Pfizer, Sanofi/Regeneron; consulting/advisory board:
Aduro, Akeso, Amgen, Beigene, Bioatla, BMS, Genentech, GSK,

Idera, Immunocore, Incyte, Janssen, Merck, NextCure, Novartis,
Pfizer, Sanofi/Regeneron, SeaGen, Tempus, Zelluna. J.M.P. discloses
research funding: BeiGene, BMS, Immunocore, Mirati, MSD. M.R.
discloses consulting: Health Advances. D.B.J. discloses consultancy:
BMS, Catalyst, lovance, Janssen, Mallinckrodt, Merck, Mosaic,
Novartis, Oncosec, Pfizer, Targovax, Teiko; non-remunerated
activities: Melanoma Guideline Committee (NCCN), Scientific
Selection Committee (ASCO), Immunotherapy Toxicity Guidelines
(SITC); research funding to self: BMS, Incyte; research funding to
institution: Array Biopharma, Genentech, Immunocore, Nektar.

J.J.L. discloses consulting: Abbvie, Bayer, BMS, Castle, Checkmate,
Codiak, Crown, Day One, Duke St, EMD Serono, Endeavor, Flame,
Genentech, Gilead, Glenmark, HotSpot, Kadmon, Janssen, lkena,
Immunocore, Incyte, 10 Biotech, Macrogenics, Merck, Nektar,
Novartis, Partner, Pfizer, Regeneron, Roivant, Servier, STINGthera,
Synlogic, Synthekine; scientific advisory board (no stock): 7 Hills,
Bright Peak, Exo, Fstar, Inzen, RefleXion, Xilio; scientific advisory
board (stock): Actym, Alphamab Oncology, Arch Oncology, Kanaph,
Mavu, NeoTx, Onc.Al, OncoNano, Pyxis, STipe, Tempest; Data and
Safety Monitoring Board: Abbvie, Immutep, Evaxion; research funding
to institution: Abbvie, Astellas, AstraZeneca, BMS, Corvus, Day One,
EMD Serono, Fstar, Genmab, Ikena, Immatics, Incyte, Kadmon, KAHR,
Macrogenics. Merck, Moderna, Nektar, NextCure, Numab, Palleon,
Pfizer, Replimmune, Rubius, Servier, Scholar Rock, Synlogic, Takeda,
Trishula, Tizona, Xencor; patents (provisional): serial no. 15/612,657
(Cancer Immunotherapy), PCT/US18/36052 (Microbiome Biomarkers
for Anti-PD-1/PD-L1 Responsiveness: Diagnostic, Prognostic and
Therapeutic Uses Thereof). E.E. discloses consulting: BMS, MSD,
Novartis, Pierre Fabre; non-remunerated activities: Vice-President
(Grupo Espanol Melanoma); speaker bureau: BMS, MSD, Novartis,
Pierre Fabre. S.L. discloses consulting: Bayer, Immunocore; expenses:
Bayer. L.C., H.M.G., K.R., C.H. and S.E.A. are employees and have
stocks/shares or stock options in Immunocore, which could benefit
from commercialization of these results. J.J.S. discloses advisory/
consulting: Immunocore, BMS, MSD, Delcath, Amgen; speaker’s
bureau: BMS, MSD, Pierre Fabre; research funding to institution:
Immunocore, BMS, MSD, Amgen, AstraZeneca, Replimune. T.S.
discloses advisory/consulting: Immunocore, Castle Biosciences;
research funding to institution: Immunocore, Verastem.

Additional information
Extended data are available for this paper at
https://doi.org/10.1038/s41591-022-02015-7.

Supplementary information The online version
contains supplementary material available at
https://doi.org/10.1038/s41591-022-02015-7.

Correspondence and requests for materials should be addressed to
Takami Sato.

Peer review information Nature Medicine thanks Martine Jager, Matteo
Carlino, Harriet Kluger and the other, anonymous, reviewer(s) for their
contribution to the peer review of this work. Primary Handling Editor:
Joao Monteiro, in collaboration with the Nature Medicine team.

Reprints and permissions information is available at
www.nature.com/reprints.

Nature Medicine


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-022-02015-7
https://doi.org/10.1038/s41591-022-02015-7
http://www.nature.com/reprints

Article https://doi.org/10.1038/s41591-022-02015-7

Enrollment 148 HLA-A2*02:01+ patients
assessed for eligibility

21 did not meet
inclusion/exclusion criteria

A4

. Phase 2 expansion
Allocation N=127
Tebentafusp 68mc
Treatment N=1 57 ?

Treatment status 21 Ongoing
106 Discontinued monotherapy:

Disease progression (n=89)
Discontinued due to adverse event (n=6)
Initiate other cancer therapy (n=1)
Patient or physician decision (n=8)
Other (n=2)3

Study status 53 Ongoing study at data cutoff
74 patients ended study
Died (n=69)
Lost to follow-up (n=2)
Withdrawal (n=1)
Other (n=2)

Full analysis set (FAS) n=127

Extended Data Fig.1| CONSORT flowchart for asingle-arm, open-label, phase  dose of study drug are in the Full Analysis Set (FAS). *One patient was classified

2 clinical trial with tebentafusp in patients with metastatic uveal melanoma. as ‘Other - clinical disease progression’ rather than ‘Disease progression’in error
All patients who received at least 1full or partial dose of study drug are in the under reason for treatment discontinuation.

Safety Set. All patients assigned to treatment who received at least 1full or partial
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Extended Data Fig. 2| Tumour size change from baseline over time for patients with best overall response of partial response. Spider plots showing change in
tumour size over time for individual patients with a best overall response of partial response (PR) (n = 6). BOR = best overall response.
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Extended Data Fig. 3 | Clinical activity of tebentafusp. (a) Waterfall plot lines at 20%,-10%, and -30% mark target lesion response criteria for disease
showing the best change in tumour size (n =116). 44% of patients had tumour progression (PD), minor response (MR), and partial response (PR), respectively.
reduction atany time. Tumour size was measured as the sum of longest diameters  SD, stable disease. (b) Overall survival in months is plotted for each patient

or short axis of the target lesions according to RECIST v1.1 by Independent (n=116). 61.2% of patients survived more than 12 months. + denotes censored.
Central Review. Best percent change in target lesion size was the maximum (A-B) Only patients with at least one evaluable post-baseline target lesion scan
percent reduction from baseline or the minimum percent increase from wereincluded. Eleven patients overall were notincluded due to non-measurable
baseline (in the absence of a reduction), up until disease progression or starting disease at baseline or no evaluable post-baseline target lesion scans. Evaluable
subsequent alternative cancer therapy. Complete response, partial response post-baseline scans must be on or prior to disease progression or starting

or minor response required confirmation at least 4 weeks later. Reference subsequent alternative cancer therapy to be considered.
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Extended Data Fig. 6 | Subgroup analysis of OS in the six major prognostic
categories from this current study compared to arecent meta-analysis.
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Extended Data Fig.7 | Tebentafusp0Sin2 L + population compared to

meta-analysis and combination checkpointinhibitors. Digitized overlay of

Kaplan-Meier estimates of overall survival for patients treated with tebentafusp
inthis study compared to 2 L + and 1L populations from a meta-analysis
(Rantalaetal.2019)18 and 1L patients treated with combination ipilimumab and

nivolumab in asingle-arm phase 2 study (Piulats et al. 2021)16. Hazard ratios and
95% Cls calculated from a univariate Cox proportional hazards model.1L = first
line, 2 L +=second line plus, IC = investigator’s choice, ipi = ipilimumab, nivo=
nivolumab, OS = overall survival.
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Extended Data Fig. 8 | IPTW-Adjusted Kaplan-Meier Estimates of OS by
Treatment Group. Adjusted product-limit survival estimates with number of
subjects at risk comparing OS from start of treatment of tebentafusp from this
study (Study 102) (blue, n =123) and Study 202 subsequent systemic therapy
(red, n=120). Using Propensity Scoring methods (IPTW), control patientsin
the IMCgp100-202 phase 3 study who received standard of care 2 L therapies
were weighted so that, overall, they are similar with respect to their baseline

prognostic factors to the tebentafusp-treated patients from this study (102). The
primary analysis involving 2 L + patients from Study 102 compared to control
patients in Study 202 who received any systemic therapy as their 2 L treatment
resulted inan HR (95% CI) of 0.40 (0.29, 0.55). The hazard ratio was derived from
aweighted Cox proportional hazards model and the 95% confidence interval
was derived using robust sandwich estimation from the weighted Cox model.
IPTW =inverse probability of treatment weights.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-022-02015-7

)

Baseline ctDNA, log10 (MTM/ml)

o

Baseline ctDNA, log10 (MTM/ml)

Baseline ctDNA, log10 (MTM/ml)

R=0.6,p=6.4e-10

0 100 200 300
Baseline sum of longest tumor diameters (mm)

Wilcoxon, p = 0.42

‘N 0
. L 4 . -
No prior 10 Prior 10
n=29 n=65
Wilcoxon, p = 0.28
No CRS CRS
n=9 n=82

Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Baseline ctDNA level correlated with tumour burden.
(a-b) Correlation between level of ctDNA at baseline and (a) tumour size at
baseline (n=94;R=0.6, p=6e-10) and (b) LDH level at baseline (n=91;R=0.77,
p = 6.76e-19). P-value and rho determined using two-sided Spearman rank
correlation test. Tumour size was measured as the sum of longest diameters
(mm) of the target lesions at first scan according to RECIST v1.1 by Independent
Central Review. (c-e) Level of ctDNA at baseline was plotted for (c) patients who
received prior 10 therapy (n = 59) versus patients who did not (n =35) (p = 0.42),

(d) patients who experienced Rash in Week 1 (n = 60) versus patients who

did not (n =34) (0.043) and (e) patients who experienced CRS (n = 82) versus
patients who did not (n = 9) (p = 0.28). Pairwise comparison between groups
were conducted using two-sided Wilcoxon signed-rank test. The median is
represented by the middle line while the upper and lower borders of the box
identify the 75th and 25th percentiles, respectively. The whiskers correspond the
minimum and maximal values that is within 1.5 times the interquartile range.
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Extended Data Fig. 10 | Baseline and on-treatment ctDNA level correlated
with overall survival. (a) Kaplan-Meier analysis of OS for patients with >
median ctDNA levels at baseline versus patients with < median ctDNA levels at
baseline (HR 0.23;95% C10.13-0.41, p = 2.05e-7). (b) Kaplan-Meier analysis of OS
landmarked to week 9 in patients with ctDNA clearance (n =12) versus patients
without clearance (n = 78) by 9 weeks (HR 0.08; 95% C10.01-0.56, p = 6.31e-5) and
(c) Kaplan-Meier analysis of OS in patients with ctDNA clearance (n =12) versus
patients with >1log ctDNA reduction (p = 0.001) and patients with increased

ctDNA by 9 weeks (HR 0.74; 95% C10.32-1.71, p = 0.476). (d) Kaplan-Meier analysis
of OS landmarked to week 9 in patients with best overall response of progressive
disease withareductionin ctDNA by >0.5 log fold change (n=16) versus < 0.5 log
fold change (n = 27) by week 9. Hazard ratio for death 0.51 (95% C10.23-1.13),
p=0.087. (a-d) Hazard ratio and confidence intervals were generated from

Cox proportional hazard model. P values were generated from two-sided Cox
likelihood ratio test.
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Software and code

Policy information about availability of computer code

Data collection Clinical data were collected using Oracle InForm version 6.3. ctDNA data were generated by Natera Inc and stored within Microsoft Excel for
Microsoft 365 MSO (16.0.14326.20850). Whole exome sequencing data were stored as fastq files. Processed mutation calls were stored
within variant calling files.

Data analysis Statistical analyses of efficacy data were conducted using SAS version 9.4 (all analyses not involving ctDNA). Confidence intervals for ORR and
related endpoints were calculated using exact methods from PROC FREQ. Time-to-event endpoints such as OS were analyzed graphically
through Kaplan-Meier methods and the median and 95% confidence intervals (Cls) calculated by the method of Brookmeyer and Crowley all
using PROC LIFETEST. Hazard ratios and 95% Cls were calculated using a Cox proportional hazards model through PROC PHREG.

ctDNA data were analyzed using R version 4.1.0. Specifically, survival analysis was carried out using Kaplan—Meier curves (survminer package
version 0.4.9). The Cox likelihood ratio test was used to assess differences between the survival curves. Univariate Cox proportional-hazards
methods were used to model the prognostic importance of ctDNA reduction on survival (R package survival version 3.2-11).

The relationship between hazard ratio of ctDNA reduction was modeled using linear regression (stats package 4.1.0).

A Spearman correlation was used to measure the association between baseline ctDNA and baseline longest sum of tumor diameters/baseline
lactate dehydrogenase levels (R stats package 4.1.0).

Pairwise comparison of baseline ctDNA between clinically relevant patient groups were conducted using Wilcoxon signed-rank test (R stats
package 4.1.0).

Fisher's exact tests were conducted between categorical patient groups derived by baseline ctDNA and clinical characteristics (R stats package
4.1.0).

Sequenced exome reads were aligned using BWA-MEM (version 0.7.15). Reads were mapped to the GRCh38 primary assembly provided by
Ensembl. Duplicate reads were flagged using the MarkDuplicate function of Picard to prevent variant call errors. Somatic variants were called
using MuTect2 (GATK Somatic SNVs and INDELs 4.1.6.0).

BAP1 copy number was estimated using CNVkit version (0.9.3) in tumour-only mode with purity correction estimates on BAM files generated
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from the BWA-MEM alignment step (as detailed above). Separate reference files were used for male and female samples. Copy number loss
was defined using a -0.2 log2 copy ratio cut-off as used in other analyses of metastatic uveal melanoma samples9. Samples which had a
negative log2 copy ratio, but greater than -0.2 were called “likely loss” due to the inherent limitations of metastatic sample collection and the
absence of a paired normal tissue.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.
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Redacted versions of the IMCgp100-102 study protocol and statistical analysis plan are available at ClinicalTrials.gov (NCT02570308). Upon publication, access to
pre-existing summary outputs (tables or figures) of trial level data may be granted to qualified academic researchers in the field upon request and approval by the
study management committee and subject to appropriate data sharing and transfer agreements. Requesters should submit a proposal including purpose, data
format (e.g., sas files), hypothesis and specific rationale to info@immunocore.com.
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To protect the privacy and confidentiality of the patients in this study, sequencing data supporting the ctDNA and tumour mutational analyses have not been made
publicly available in a repository. A source data file containing sequencing data from tumour biopsies for the uveal melanoma associated genes is provided as
supplemental information to this manuscript (Supplemental Table 8). Access to de-identified gene limited datasets may be granted to qualified academic
researchers 24 months following publication upon request as outlined above for clinical data.
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Sample size A minimum of 120 patients were to be enrolled for RECIST v1.1 evaluation. The following considerations were used to justify this enrollment
goal: With 120 patients and an observed ORR of 10% or more, the precision around estimation of ORR was assessed to be 5.3% to 16.8% by
95% confidence intervals. This study size also provided an adequate number of patients in which to assess the safety and tolerability of the
RP2D. For example, for AEs of interest, if 0 AEs were observed in a cohort of 120 patients, there would be 95% confidence that the true event
rate is less than 3%.

Data exclusions  Clinical analyses: All patients who received at least one full or partial dose of tebentafusp (n=127) were included in analyses of efficacy and
safety.
ctDNA analyses: All patient samples collected were assessed for ctDNA level. Samples that failed QC were removed. Patients without a

baseline and at least one on-treatment sample were excluded and genes with a baseline variant allele frequency of <0.3 were excluded from
analyses.

Replication Replication was not applicable as this was a clinical study with unique patient samples. For ctDNA analysis, all reagents and methods were
optimized and validated by Natera.

Randomization  This was a single arm phase 2 study

Blinding This was a single arm, open label phase 2 study
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Policy information about studies involving human research participants

Population characteristics The eligibility criteria for study enrolment included being >18 years of age and having a histologically or cytologically
confirmed diagnosis of mUM, a life expectancy of >3 months as estimated by the investigator, a positive test for HLA-A*02:01
as assessed by central assay, measurable disease according to RECIST v1.1, experience of disease progression while on 1 or 2
prior lines of therapy (including chemotherapy, immunotherapy, or targeted therapy) in the metastatic or advanced setting,
and an Eastern Cooperative Oncology Group (ECOG) performance score of <1. Patients were excluded from the study if they
had symptomatic or untreated central nervous system (CNS) metastases or CNS metastases that required doses of
corticosteroids within 3 weeks prior to Study Day 1, a history of severe hypersensitivity reactions to other biologic drugs or
monoclonal antibodies, out-of-range protocol defined laboratory parameters, or clinically significant cardiac disease or
impaired cardiac function. Demographics and characteristics of patients included in our analysis are listed in Table 1 of this
manuscript.

Recruitment 26 study centers in 5 countries (Canada, Germany, Spain, United Kingdom, and United States) consented at least 1 patient.
The first and last patient were enrolled on 19 Jan 2017 and 21 Mar 2019, respectively. Patients meeting all eligibility criteria
were screened, enrolled and treated on study at each participating site. To capture a representative population of patients
with previously treated metastatic uveal melanoma who would be eligible for continued treatment of their disease, patients
were recruited at 26 centers in 5 countries with the goal of reducing selection bias.

Ethics oversight Written informed consent was provided by all study participants. The study protocol was approved by each site's Institutional
Review Board: Princess Margaret Cancer Centre, Toronto, Canada; Charite Universitaetsmedizin Berlin — Campus Benjamin
Franklin, Berlin, Germany; Universitaetsklinikum Heidelberg, Heidelberg, Germany; Institut Catala d'Oncologia (ICO)
|'Hospitalet, Hospital Duran i Reynals, Barcelona, Spain; Hospital Universitario Virgen Macarena, Sevilla, Spain; Centro de
Investigacion Biomédica en Red de Cancer (CIBERONC), Madrid, Spain/ Hospital Universitario La Paz, Madrid, Spain; Hospital
General Universitario de Valencia, Valencia, Spain; The Clatterbridge Cancer Centre, Wirral, UK; Mount Vernon Cancer
Centre, Northwood, UK; Columbia University Medical Center, New York, USA; Washington University School of Medicine, St
Louis, USA; Thomas Jefferson University Hospital, Phildelphia, USA; Vanderbilt University Medical Center, Nashville, USA;
Memorial Sloan-Kettering Cancer Center, New York, USA; University of Colorado Cancer Center, Aurora, USA; The Angeles
Clinic and Research Institute, A Cedars-Sinai Affiliate, Los Angeles, USA; H. Lee Moffitt Cancer Center and Research Institute,
Inc. Tampa, USA; University of California San Diego Moores Cancer Center, La Jolla, USA; California Pacific Medical Center,
San Francisco, USA; Baylor Scott & White Health, Dallas, USA; Dean A. Mcgee Eye Institute, University of Oklahoma,
Oklahoma City, USA; Georgetown University - Lombardi Comprehensive Cancer Center, Washington, USA; University of
Miami Hospital Clinics/Sylvester Comprehensive Cancer Center, USA; The University of Chicago Medical Center, Chicago,
USA; Roswell Park Cancer Institute, Buffalo, USA; Providence Portland Medical Center, Portland, USA.

An independent data monitoring committee (IDMC) was also established to provide oversight of safety and efficacy
considerations and give advice and recommendations regarding steps to ensure both patient safety and the ethical integrity
of the study.

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

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrial.gov, NCT02570308

Study protocol Information regarding the study protocol can be found at clinicaltrials.gov
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Data collection Data was collected in 26 study centers in 5 countries (Canada, Germany, Spain, United Kingdom, and United States). The first and
last patient were enrolled on 19 Jan 2017 and 21 Mar 2019, respectively. Data collection was the responsibility of the clinical study
staff at the site under the supervision of the site Investigator. The study eCRF was the primary data collection instrument for the
study. The Investigator had to ensure the accuracy, completeness, legibility, and timeliness of the data reported in the CRFs and all
other required reports.

Qutcomes The primary objectives of the phase 2 portion of the trial were to estimate the objective response rate (ORR) based on RECIST v1.137




Outcomes

in patients treated at the RP2D of tebentafusp. Secondary objectives included safety as well as assessment of the antitumour efficacy
of tebentafusp with the parameters of overall survival (OS), progression-free survival (PFS), disease control rate (DCR), time to
response, duration of response (DOR), and the rate and duration of minor response (MR; defined as tumour response with a 10%—
29% reduction in the sum of the longest diameters (SLD)). Treatment efficacy was assessed using Response Evaluation Criteria in
Solid Tumours (RECIST v1.1) and Kaplan Meier survival analysis. OS was measured from the start of treatment to time of death.
Patients were censored on the last date they were known to be alive. Adverse events were assessed by the investigator and graded
per the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE), version 4.03, except for cytokine release
syndrome which was graded according to 2019 ASTCT Consensus Grading for Cytokine Release Syndrome (Lee et al 2019). Rash is a
composite term for a list of skin toxicities of any grade (Supplementary Table 1).

>
Q
—
C
=
(D
=
()
wn
(D
Q
=
e
o
=
(D
©
]
—
>
(e}
%)
c
=
Q
=
<

020¢ fudy




	Clinical and molecular response to tebentafusp in previously treated patients with metastatic uveal melanoma: a phase 2 tri ...
	Results

	Study design

	Patients and treatment

	Safety and adverse events

	Tumour response and progression-free survival

	Overall survival

	Early ctDNA reduction correlates with overall survival


	Discussion

	Online content

	Fig. 1 Incidence and severity of treatment-related adverse events after the initial tebentafusp doses.
	Fig. 2 Overall survival for tebentafusp-treated patients with metastatic uveal melanoma.
	Fig. 3 On-treatment ctDNA reduction correlated with survival benefit.
	Extended Data Fig. 1 CONSORT flowchart for a single-arm, open-label, phase 2 clinical trial with tebentafusp in patients with metastatic uveal melanoma.
	Extended Data Fig. 2 Tumour size change from baseline over time for patients with best overall response of partial response.
	Extended Data Fig. 3 Clinical activity of tebentafusp.
	Extended Data Fig. 4 Progression-Free Survival.
	Extended Data Fig. 5 Swimlane plot of overall survival and treatment beyond progression.
	Extended Data Fig. 6 Subgroup analysis of OS in the six major prognostic categories from this current study compared to a recent meta-analysis.
	Extended Data Fig. 7 Tebentafusp OS in 2 L + population compared to meta-analysis and combination checkpoint inhibitors.
	Extended Data Fig. 8 IPTW-Adjusted Kaplan–Meier Estimates of OS by Treatment Group.
	Extended Data Fig. 9 Baseline ctDNA level correlated with tumour burden.
	Extended Data Fig. 10 Baseline and on-treatment ctDNA level correlated with overall survival.
	Table 1 Demographics and baseline characteristics.
	Table 2 Most common treatment-related adverse eventsa.
	Table 3 Best overall RECIST response rate.




