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AbstrACt
background Uveal melanoma (UM) is the most common 
intraocular malignancy in adults. In contrast to cutaneous 
melanoma (CM), there is no standard therapy, and the 
efficacy and safety of dual checkpoint blockade with 
nivolumab and ipilimumab is not well defined.
Methods We conducted a retrospective analysis of 
patients with metastatic UM (mUM) who received 
treatment with ipilimumab plus nivolumab across 14 
academic medical centers. Toxicity was graded using 
National Cancer Institute Common Terminology Criteria for 
Adverse Events V.5.0. Progression- free survival (PFS) and 
overall survival (OS) were calculated using Kaplan- Meier 
methodology.
results 89 eligible patients were identified. 45% had 
received prior therapy, which included liver directed 
therapy (29%), immunotherapy (21%), targeted therapy 
(10%) and radiation (16%). Patients received a median 3 
cycles of ipilimumab plus nivolumab. The median follow- 
up time was 9.2 months. Overall response rate was 
11.6%. One patient achieved complete response (1%), 9 
patients had partial response (10%), 21 patients had stable 
disease (24%) and 55 patients had progressive disease 
(62%). Median OS from treatment initiation was 15 months 
and median PFS was 2.7 months. Overall, 82 (92%) of 
patients discontinued treatment, 34 due to toxicity and 
27 due to progressive disease. Common immune- related 
adverse events were colitis/diarrhea (32%), fatigue (23%), 
rash (21%) and transaminitis (21%).
Conclusions Dual checkpoint inhibition yielded higher 
response rates than previous reports of single- agent 
immunotherapy in patients with mUM, but the efficacy is 
lower than in metastatic CM. The median OS of 15 months 
suggests that the rate of clinical benefit may be larger than 
the modest response rate.

IntroduCtIon
Uveal melanoma (UM) is the most prev-
alent primary intraocular malignancy in 
adults, accounting for approximately 85% 
of all ocular malignancies.1–3 For patients 

with non- metastatic disease, current treat-
ment strategies include surgical enucleation 
and radiation therapy. However, up to 50% 
of patients will ultimately develop metas-
tases.4 The median overall survival (OS) from 
diagnosis of metastatic disease for patients 
with metastatic UM (mUM) is poor,5 6 and 
recent meta- analyzes of published trials in 
mUM have estimated median OS to be 10.2 
months7to 1.07 years.8 Currently, there are no 
effective systematic therapies for patients with 
mUM.9

Chemotherapy has largely been ineffective 
in mUM, most with response rates (RRs) of 
<5%.10–13 Indeed, UM is biologically distinct 
from cutaneous and mucosal melanoma, as 
oncogenesis in the latter is spurred by BRAF 
and NRAS driver mutations that are rare in 
UM. Activating mutations in G- protein-α 
subunits GNAQ or GNA11 are observed in 
83% of cases of primary UM,14 15 leading to 
stimulation of the MAPK and PI3K/Akt path-
ways. However, pharmacologically targeting 
downstream effectors of these pathways have 
produced disappointing responses. A phase 
II randomized clinical trial of selumetinib, 
a competitive small molecule inhibitor of 
MEK1/2, or chemotherapy (temozolomide 
or dacarbazine) demonstrated a median 
progression- free survival (PFS) of 15.9 weeks 
with selumetinib compared with 7 weeks with 
chemotherapy (p<0.001). While this study was 
the first to demonstrate a prolonged PFS with 
selumetinib, there was no significant improve-
ment in OS (11.8 vs 9.1 months, p=0.09).16 A 
subsequent phase III trial comparing selume-
tinib plus dacarbazine to placebo plus dacar-
bazine demonstrated an overall RR (ORR) 
of 3% with selumetinib plus dacarbazine, 
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compared with 0% with placebo (p=0.36), without a 
significant increase in PFS (p=0.32).17

Other groups have explored the utility of immune- 
based modalities in mUM.18 A phase II trial evaluated 
21 mUM patients treated with lympho- depleting condi-
tioning chemotherapy (intravenous cyclophosphamide 
followed by fludarabine) and a single intravenous infu-
sion of autologous tumor- infiltrating lymphocytes (TILs) 
with high- dose interleukin-2. Seven (35%) patients 
demonstrated tumor regression, with six achieving a 
partial response (PR),19 providing initial evidence justi-
fying use of immune- based approaches in mUM. A 
follow- up clinical trial of TIL therapy in mUM is ongoing 
(NCT03467516).

Trials evaluating immune checkpoint blockade 
using ipilimumab, a monoclonal antibody against cyto-
toxic T- lymphocyte associated protein 4 (CTLA-4), as 
well as nivolumab and pembrolizumab, which target 
programmed cell death receptor 1 (PD-1), have led to a 
paradigm shift in treating patients with metastatic cuta-
neous melanoma.20 21 To date, however, single- agent 
checkpoint blockade has failed to show meaningful 
objective clinical responses in mUM, with a <5% ORR, 
compared with up to 45% for metastatic cutaneous mela-
noma.22 23 A recent retrospective study evaluated the 
efficacy and safety of combination ipilimumab plus anti- 
PD-1 inhibition in 64 patients with mUM, with an ORR of 
15.6%.24 Here, we present the real- world outcomes of the 
largest retrospective cohort of patients with mUM treated 
with combination immunotherapy, specifically ipilim-
umab and nivolumab.

Methods
After obtaining approval from each respective Institu-
tional Review Board of the 14 medical centers (online 
supplementary table 1), we identified patients with mUM 
who received at least one dose of combination treatment 
with ipilimumab and nivolumab. Data points that were 
collected included patient sex, date of birth, race, date 
of diagnosis, stage at diagnosis (non- metastatic vs meta-
static), molecular risk (high vs low), molecular risk test 
used, local treatment (enucleation vs plaque), date of 
local treatment, date of metastasis, metastatic sites, prior 
treatment (including type and date of initiation), Eastern 
Cooperative Oncology Group (ECOG) performance 
status at start of treatment, labs at start of treatment 
(lactate dehydrogenase (LDH), liver function tests, creat-
inine, complete blood count), total cycles of ipilimumab 
plus nivolumab, total cycles of nivolumab maintenance, 
toxicity (including grade) during induction and mainte-
nance (each), treatment for toxicity, reason for discontin-
uation (toxicity vs progression), best response and date 
assessed, date of last recorded dose, continuing therapy 
(yes vs no) and vital status.

Adults with unresectable stage III or stage IV mUM, 
as defined by the American Joint Committee on Cancer 
Cutaneous Melanoma Staging Criteria,25 were included 

regardless of prior therapy. Toxicology grading was 
obtained from the medical records and graded according 
to the National Cancer Institute Common Terminology 
Criteria for Adverse Events (CTCAE) V.5.0. Best overall 
radiological response was assessed based on the Response 
Evaluation Criteria in Solid Tumors V.1.1 and was 
assessed by site investigators at each participating site.26 
Patients were typically restaged with CT scans and/or 
MRI every 12 weeks as part of routine clinical care. ORR 
was defined as the proportion of patients with PR and 
complete response (CR). The disease control rate (DCR) 
was defined as the proportion of patients with CR, PR 
and stable disease (SD). For OS and PFS, 95% CIs were 
constructed based on log- log transformation. Two- sided 
p values were assessed, wherein a p<0.05 was considered 
statistically significant. OS and PFS were calculated from 
the initial date of receipt of nivolumab plus ipilimumab 
using Kaplan- Meier methodology. For the analysis of the 
number of induction doses on survival, OS was land-
marked at 12 weeks.

results
demographics
A total of 89 patients with mUM were identified across 
14 academic medical centers. Forty- seven (53%) were 
male. The median age at diagnosis was 53, and at the 
time of treatment initiation was 60. The majority of 
patients (79%) were Caucasian. At the time of initial 
diagnosis, almost all patients (93%) had no metastatic 
disease. The median time to metastasis was 37.8 months 
(table 1). Forty (45%) patients had prior treatment. Of 
these patients, 26 (29%) had prior liver directed therapy, 
14 (16%) had radiation therapy, 25 (28%) had prior 
systemic therapy, 9 (10%) had prior targeted therapy and 
19 (21%) had prior immunotherapy. Of the 19 patients 
previously treated with immunotherapy, 14 were treated 
with nivolumab or pembrolizumab, 2 received treatment 
with ipilimumab, 2 had both ipilimumab and pembroli-
zumab, and one patient had tremilimumab.

treatment
Patients received a median of 3 cycles of combination 
ipilimumab and nivolumab. Thirty- seven patients (42%) 
received four cycles of ipilimumab plus nivolumab, 18 
(20%) received three cycles, 20 (22%) received two cycles 
and 14 (16%) one cycle (table 2). Median follow- up was 
9.2 months. Overall, 82 patients discontinued treatment: 
51 patients (57%) discontinued combination treatment 
during induction: 29 for toxicity, 18 for progression 
and data not available for four patients. Twenty- nine 
patients went on maintenance treatment: 26 patients with 
nivolumab, 2 with pembrolizumab and one with ipili-
mumab. During maintenance, 16 discontinued due to 
progression and 5 due to toxicity, data not available for 
6 patients. At time of data cut- off, one patient (1%) was 
still receiving induction treatment with ipilimumab plus 
nivolumab, and two were still on nivolumab maintenance 
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Table 1 Patient demographics and clinical characteristics 
of patients at baseline (n=89)

Characteristic N (%)

Median age at diagnosis, years (range) 53 (16–83)

Male 47 (53)

Race

  Caucasian 70 (79)

  Othert 4 (4)

  Unknown 15 (17)

Eye

  Left 38 (43)

  Right 37 (42)

  Unknown 14 (16)

Stage at diagnosis

  Limited 83 (93)

  Metastatic 5 (6)

  Unknown 1 (1)

Molecular risk

  High 28 (31)

  Low 3 (3)

  Unknown 58 (65)

Time to metastasis, mo (range) 37.8 (3.7–212.7)

Median no of prior therapies, no (range) 0 (0–4)

Received prior therapy

  Any prior therapy 40 (45)

  Liver directed therapy 26 (29)

  Systemic therapy 25 (28)

  Radiation 13 (15)

  Immunotherapy 20 (22)

  Targeted therapy 12 (13)

  Chemotherapy 2 (2)

Performance status at treatment start

  0 50 (56)

  1 21 (24)

  2 4 (4)

  Unknown 14 (16)

LDH at treatment start

  Normal 23 (26)

  High 16 (18)

  Unknown 50 (56)

Table 2 Treatment outcomes of metastatic UM on 
combination ipilimumab and nivolumab

Total cycles of ipilimumab +nivolumab

  1 14 (16%)

  2 20 (22%)

  3 18 (20%)

  4 37 (42%)

  Median 3

Reason for ipilimumab +nivolumab discontinuation

  Progression 18 (35%)

  Toxicity 29 (57%)

  NA 4 (8%)

Maintenance therapy

  Ipilimumab 1 (1%)

  Nivolumab 26 (29%)

  Pembrolizumab 2 (2%)

  No maintenance therapy 46 (52%)

  NA 14 (16%)

Reason maintenance therapy discontinuation

  Progression 16 (55%)

  Toxicity 5 (17%)

  Still on nivolumab 2 (7%)

  Unknown status 6 (21%)

Number of doses of nivolumab monotherapy

  Median 7

  Range 1–29

  NA 4

NA, not applicable; UM, uveal melanoma.

therapy. The median number of administered nivolumab 
maintenance doses was 7 (range: 1–29 doses).

Immune-related adverse events
The most common all grade toxicities (table 3) during 
induction treatment were diarrhea/colitis (28, 32%), 
fatigue (20, 23%), transaminitis (19, 21%), rash (19, 
21%), hypothyroidism (17, 19%), hypophysitis (9, 10%), 

pneumonitis (6, 7%) and adrenal insufficiency (5, 6%) 
(table 4a). In addition, three patients had uveitis, two had 
acute kidney injury (AKI), one had diabetic ketoacidosis 
and one had myositis. Twenty- six (30%) of patients expe-
rienced grade 3/4 toxicity during induction treatment, 
and the most common grade 3/4 toxicities were diarrhea 
(11, 12%) and transaminitis (6, 7%). One- third of the 
toxicities reported during induction did not have grading 
information available. The most commonly reported 
all grade toxicities during maintenance treatment were 
similarly rash (4, 15%), transaminitis (3, 12%), fatigue 
(3, 12%), diarrhea/colitis (2, 8%) and hypothyroidism 
(2, 8%) (table 4b). Overall, 57 patients (64%) required 
steroids for treatment of immune- related adverse events 
(irAEs). There were no treatment- related deaths reported 
in this cohort.

treatment outcomes
Of the 89 patients in this analysis, 1 patient achieved a 
(CR, 1%), 9 patients experienced a (PR, 10%), 21 patients 
demonstrated (SD, 24%) and 55 patients had progression 
of disease (PD, 62%). Response data were not available for 
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Table 3 (A) Toxicities observed during induction ipilimumab/nivolumab in metastatic UM

Toxicity Grade

Total (%)(A) G1 (%) G2 (%) G3 (%) G4 (%) Unknown (%)

Diarrhea/colitis 5 (5.6) 4 (4.5) 10 (11.2) 1 (1.1) 8 (9.0) 28 (31.5)

Fatigue 8 (9.0) 4 (4.5) 1 (1.1) 0 (0.0) 7 (7.9) 20 (22.5)

Hypoadrenalism 0 (0.0) 1 (1.1) 2 (2.2) 0 (0.0) 2 (2.2) 5 (5.6)

Hypophysitis 0 (0.0) 1 (1.1) 3 (3.4) 0 (0.0) 5 (5.6) 9 (10.1)

Hypothyroid 1 (1.1) 9 (10.1) 0 (0.0) 0 (0.0) 7 (7.9) 17 (19.1)

Pneumonitis 0 (0.0) 2 (2.2) 2 (2.2) 0 (0.0) 2 (2.2) 6 (6.7)

Rash 8 (9.0) 3 (3.4) 3 (3.4) 0 (0.0) 5 (5.6) 19 (21.3)

Transaminitis 4 (4.5) 3 (3.4) 5 (5.6) 1 (1.1) 6 (6.7) 19 (21.3)

Table 3 (B) Toxicities observed during maintenance immunotherapy in metastatic UM

(B) G1 (%) G2 (%) G3 (%) Unknown (%) Total (%)

Diarrhea/colitis 0 (0.0) 1 (3.8) 0 (0.0) 1 (3.8) 2 (7.7)

Fatigue 2 (7.7) 0 (0.0) 0 (0.0) 1 (3.8) 3 (11.5)

Hypoadrenalism 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.8) 1 (3.8)

Hypothyroid 1 (3.8) 0 (0.0) 0 (0.0) 1 (3.8) 2 (7.7)

Pneumonitis 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.8) 1 (3.8)

Rash 2 (7.7) 0 (0.0) 0 (0.0) 2 (7.7) 4 (15.4)

Transaminitis 0 (0.0) 1 (3.8) 1 (3.8) 1 (3.8) 3 (11.5)

Twenty- eight patients also experienced toxicities other than those listed above. Three patients had uveitis, one had DKA, two had AKI, one 
had myositis.
Seven patients also experienced toxicities other than those listed above.
AKI, acute kidney injury; DKA, diabetic ketoacidosis; UM, uveal melanoma.

Table 4 Summary of best responses observed with 
ipilimumab plus nivolumab in metastatic UM

Characteristic N (%) (95% CI)

CR 1 (1)

PR 9 (10)

SD 21 (24)

PD 55 (62)

Not available 3 (3)

ORR 10/86 (11.6) (5.7 to 20.3)

DCR 31/86 (36) (26.0 to 47.1)

Median duration of response 6.0 (3.0 to 10.3) months

OS, median, 95% CI 15 (10.9 to 21.6) months

PFS, median, 95% CI 2.7 (2.6 to 3.3) months

CR, complete response; DCR, disease control rate; ORR, 
overall response rate; OS, overall survival; PD, progression of 
disease; PFS, progression free survival; PR, partial response; 
SD, stable disease; UM, uveal melanoma.

three patients. ORR, defined as CR +PR was 11.6% (95% 
CI 5.7% to 20.3%) and the DCR (defined as SD +CR+ PR) 
was 36.0% (95% CI 26.0% to 47.1%) (table 4). Median 
duration of response was 6 months (3.0, 10.3), and 20 
patients (22%) of the total cohort remained progression- 
free at 6 months. Ten (11%) patients had durable clin-
ical benefit, defined as CR, PR or SD for 6 months or 

more (figure 1). Median PFS was 2.7 months (95% CI 
2.6 to 3.3 months) (figure 2). With a median follow- up 
of 9.2 months, median OS from the time of initiation of 
ipilimumab plus nivolumab was 15.0 months (95% CI 
10.9 to 21.6 months) (figure 3). Normal LDH was asso-
ciated with improved OS (p=0.026) (figure 4). However, 
elevated LDH was not associated with significantly worse 
PFS. There was no significant difference in OS in patients 
who completed 3–4 cycles of ipilimumab plus nivolumab 
compared with those who received 1–2 cycles (p=0.12) 
(online supplementary figure 1). Patients without liver 
metastases were not more likely to respond to therapy: of 
the six patients who did not have liver metastases, two had 
SD and three had PD. No statistically significant differ-
ence in PFS was observed between patients who under-
went prior liver directed therapy (p=0.41), prior systemic 
therapy (p=0.27) or required steroids during treatment. 
As with PFS, no significant difference in OS was demon-
strated in patients who had prior liver- directed therapy 
(p=0.2) or prior systemic therapy (p=0.95). There was 
also no significant difference in OS among patients who 
required steroids during their treatment (p=0.098).

dIsCussIon
There is a paucity of studies evaluating immune check-
point blockade in UM. Most reports are retrospective 
or extrapolated from larger clinical trials encompassing 
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Figure 1 Swimmer plot of patients with mUM treated with ipilimumab +nivolumab. CR, complete response; PR, partial 
response; SD, stable disease; mUM, metastatic uveal melanoma.

Figure 2 PFS of patients with mUM treated with ipilimumab+nivolumab. PFS, progression free survival; mUM, metastatic 
uveal melanoma.

cutaneous melanoma. A retrospective study of 39 patients 
with mUM treated with ipilimumab achieved a 2.6% RR 
at 23 weeks, with a median OS of 9.6 months.27 A retro-
spective, multi- institutional study of 56 patients with 
mUM treated with anti- PD-1 or anti PD- ligand 1 mono-
therapy found limited therapeutic benefit, with an ORR 
of 3.6%, and median OS and PFS of 7.6 and 2.6 months, 

respectively.28 A phase II study of 53 pretreated and 
treatment- naïve mUM patients treated with ipilimumab 
demonstrated median OS and PFS of 6.8 months and 
2.8 months, respectively, with an ORR of 0%.29 Another 
single arm, phase II (GEM-1) trial of 32 patients treated 
with ipilimumab showed 1 PR (7.7%) and 6 with (SD, 
46.2%) of 13 patients evaluable for response.30 In a small 
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Figure 3 OS of patients with mUM treated with ipilimumab+nivolumab. OS, overall survival; mUM, metastatic uveal melanoma.

Figure 4 OS in cohorts characterized by LDH at therapy initiation in patients with mUM treated with ipilimumab +nivolumab. 
OS, overall survival; mUM, metastatic uveal melanoma.

series of five patients with mUM, one patient had a CR 
and two patients had SD, though it is interesting to note 
that the patients who benefited either had no liver metas-
tases or a low burden of liver disease.31

Recent studies have demonstrated that combination 
therapy with nivolumab and ipilimumab is significantly 
more effective than monotherapy in untreated cutaneous 
metastatic melanoma, with median PFS of 11.5 months on 
combination therapy and ORR of 57.6%.21 Updated results 
confirm a significant survival benefit at 4 years. However, 
mUM patients were excluded from these trials.9 A retro-
spective analysis of patients with mUM included 15 patients 

treated with concurrent ipilimumab and PD-1 inhibitor and 
demonstrated a PR in two cases.32 GEM1402 was a Spanish 
phase II trial evaluating the efficacy of combination ipilim-
umab plus nivolumab therapy in 50 patients with treatment- 
naive mUM. Patients were treated with ipilimumab 3 mg/
kg and nivolumab 1 mg/kg every 3 weeks for four doses, 
followed by nivolumab 3 mg/kg every 2 weeks until progres-
sion, toxicity or withdrawal. In this trial, ORR was 12%, 
with SD in 52% of patients. Median PFS was 3.27 months, 
and median OS 12.7 months.33 Grade ≥3 toxicities were 
reported in 54% of patients. The CA184-187 trial of four 
cycles of ipilimumab 3 mg/kg plus nivolumab 1 mg/kg, 
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followed by nivolumab maintenance was recently presented. 
Of 39 patients enrolled, 35 were evaluable for toxicity and 
30 were evaluable for efficacy. Grade 3/4 treatment- related 
AEs occurred in 14 patients (40%). The best ORR was PR 
in 5 (17%), SD in 16 (53%) and PD for 9 (30%). Median 
PFS and OS were 26 weeks and 1.6 years, respectively.34 
There has been a paucity of available published data evalu-
ating the efficacy and safety of nivolumab plus ipilimumab 
in patients with mUM who are treated outside of a clinical 
trial. A recent retrospective study evaluated the clinical 
outcomes and safety of combination ipilimumab plus anti- 
PD-1 inhibition in 64 patients with mUM across 16 institu-
tions in Germany.24 The ORR was 15.6% (n=10), with 14 
patients achieving SD, two patients achieving CR and eight 
a PR. The median duration of response was 25.5 months 
(9.0–65.0). Median PFS was 3.0 months (95% CI 2.4 to 3.6), 
and median OS was estimated to be 16.1 months (95% CI 
12.9 to 19.3) with median follow- up of 9.2 months.24

To our knowledge, this analysis of patients with mUM 
receiving combination treatment with ipilimumab plus 
nivolumab outside of a clinical trial comprises the largest 
reported mUM cohort to date treated with checkpoint 
inhibitors. Our data demonstrate that in patients with 
mUM, combination ipilimumab plus nivolumab has 
a slightly higher RR than reported with single- agent 
PD-129 30 or CTLA-4 inhibition.32 These data are in line 
with prospective reports of ipilimumab plus nivolumab9 34 
and with a large retrospective cohort of mUM patients 
treated with ipilimumab plus anti- PD-1 checkpoint 
blockade.24 In our cohort, the median PFS of 2.7 months 
(95% CI 2.6 to 3.3 months) overlaps with the reported PFS 
of 3.0 months (95% CI 2.4 to 3.6) from the German retro-
spective cohort,24 and similar to that from GEM1402,33 
suggesting patients are typically found to have progressed 
with initial restaging scans. The objective RRs across these 
three cohorts are modest, between 12% and 16%.24 33

Furthermore, while median OS in this population is 
shorter than in patients with cutaneous melanoma, it is 
longer than what has been reported with single agent 
PD-1 or CTLA4 inhibition in mUM.35 36 It is interesting 
to note, also, that median OS in our cohort is 15 months 
(95% CI 10.9 to 21.6 months), whereas in a large meta- 
analysis of 912 patients from 29 trials, the median OS 
was 10.2 months (95% CI 9.5 to 11.0 months), suggesting 
that some patients may derive clinical benefit from this 
treatment regimen. Our median OS of 15 months is also 
comparable to the GEM1402 trial (12.7 months)33 and 
16.1 months reported by Heppt et al,24 further solidi-
fying the suggestion that combination ipilimumab plus 
nivolumab may confer a survival benefit to some patients. 
Interestingly, both median PFS (5.9 months) and median 
OS (19.1 months) were longer in the CA184-187 trial.34

Overall, the efficacy of nivolumab plus ipilimumab is 
modest for patients with mUM with regards to ORR and 
PFS, though the improved median OS in our study and 
others24 33 suggests the rate of favorable clinical benefit 
is larger than the modest RR. Five of nine patients with 
unconfirmed PRs progressed after a median duration 

of 6 months, suggesting that even those who respond 
initially may not experience the same durability of 
immunotherapy response seen in cutaneous melanoma 
cohorts. This finding suggests the biological interac-
tion between combination immunotherapy and UM is 
distinct from the interaction seen with cutaneous mela-
noma. Conversely, patients who receive only 1–2 doses 
of induction nivolumab plus ipilimumab due to toxicity 
do not experience worse OS than those who tolerate 
3–4 doses of induction, nor was treatment of irAEs with 
steroids associated with worse outcomes. This observation 
is consistent with prior analyzes of nivolumab plus ipili-
mumab in cutaneous melanoma, and suggests treatment 
can be withheld in the event of significant toxicities with 
minimal impact on outcomes.20 37 Furthermore, in our 
cohort, normal LDH was associated with improved OS, 
as described in patients with metastatic cutaneous mela-
noma38 and mUM,7 though other reports did not note 
a similar association between LDH and OS in mUM.24 
We did not find a negative association between elevated 
LDH and PFS, as has previously been reported.7 Though 
a recent report of five patients with mUM suggested that 
patients with minimal liver involvement have increased 
clinical benefit,31 in our cohort, patients without liver 
metastases were not more likely to respond to therapy.

Despite the lower rate and magnitude of clinical benefit, 
the rate of irAEs in patients with mUM remains significant, 
similar to irAEs seen in patients treated with this regimen in 
cutaneous melanoma and other disease, and most patients 
will require steroids at some point. While steroid use was not 
associated with worse outcomes in our study, other studies 
have shown worse clinical outcomes with early steroid use, 
suggesting that steroids may abrogate the efficacy of immu-
notherapy.39 Taken together, these data support the notion 
that the preferred frontline option for treatment advanced 
UM remains clinical trial participation. For patients who 
cannot or choose not to participate in clinical trials, stan-
dard nivolumab 1 mg/kg plus ipilimumab 3 mg/kg likely 
provides a modest improvement in efficacy with a much 
higher rate of immune- related AEs compared with single 
agent anti- PD-1.

These disparate outcomes necessitate further work 
exploring the tumor microenvironment of mUM to eluci-
date additional potential therapeutic targets. Known 
tumor- specific immunogenic factors (ie, tumor muta-
tional burden) as well as organ- specific microenvironment 
(ie, the relative immunotolerance of the liver)40 influ-
ence the degree of tumor immunogenicity as well as the 
immune response to the tumor.41 Yet objective responses 
are seen with adoptive T cell therapy (which is currently 
available only on a clinical trial basis), and, within our 
study, with nivolumab plus ipilimumab, suggesting that 
UM is a heterogeneous disease that cannot be uniformly 
viewed as ‘non- immunogenic’.19 42 These data argue that 
early phase clinical trials of novel agents outside of anti- 
PD-1 immunotherapy should not a priori exclude UM.

Our findings are subject to the inherent limitations of 
retrospective analyzes. We aimed to minimize selection 
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bias for this rare disease by assembling a multicenter 
series of patients. To minimize variability for AE reporting 
across centers, we focused on sequelae of irAEs such as 
steroid administration that were uniformly documented 
and asked centers to use CTCAE grading when sufficient 
data were available. In spite of these efforts, conclusions 
drawn on AEs are based on patient- derived information 
during clinical visits, and outside of a clinical trial context, 
it is likely that this study underestimates the true rate of 
subjective AEs, such as fatigue and arthralgias/myalgias. 
Furthermore, milder toxicities and symptoms occurring 
between clinical visits may have been missed. However, 
all the patients in our study were on active treatment and 
thus seen at regular intervals, and information on toxicity 
was collected in a similar fashion across institutions. 
Furthermore, efficacy data was based on investigator 
assessment, which could increase variability with regard 
to clinical outcome reporting. Furthermore, treatment 
and follow- up details are missing for a portion of patients, 
impacting our overall findings.

Despite of these limitations, this is the largest reported 
analysis of mUM patients treated with combination 
checkpoint blockade immunotherapy. We conclude that 
the combination of ipilimumab plus nivolumab appears 
to be more effective than single- agent immune check-
point blockade, but that ORR remains low in patients 
with mUM. Thus, the standard of care for advanced UM 
remains clinical trial participation, and collaborative 
efforts are warranted to identify improved therapeutic 
options. For patients who cannot or choose not to partic-
ipate in a clinical trial, the risks and benefits of combi-
nation ipilimumab plus nivolumab, and the regimen’s 
significant toxicities, should carefully be discussed.
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