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ABSTRACT

Background/aims Survival after diagnosis of
metastasis from uveal melanoma is poor. Identifying
individuals at high risk for metastasis and developing
adjuvant therapy to prevent clinically apparent
metastasis could improve survival. We conducted an
adjuvant trial of sequential, low-dose dacarbazine (DTIC)
and interferon-alpha-2b (IFN-o.—2b) in patients with
cytogenetic high-risk uveal melanoma.

Methods Patients diagnosed with iris, ciliary body or
choroidal melanoma with high-risk tumour cytogenetics
(monosomy 3) were offered adjuvant treatment with
low-dose DTIC and IFN-ai—2b following primary
therapy. Eligible but not enrolled patients were observed
for comparison. DTIC was administered at 850 mg/

m? intravenously on days 1 and 28. IFN-oi—2b was
administered at 3 million units three times a week
subcutaneously for 24 weeks beginning at week 9.
Hepatic imaging was performed prior to adjuvant therapy
and then at least every 6 months. Survival data were
collected for 5years after enrolment.

Results 33 patients (22%) were enrolled (treatment
group), 29 (19%) were eligible but did not enrol
(observation group) and 88 (59%) were not eligible. The
5-year metastasis-free survival (MFS) was 64%=+9% for
treated and 33%=10% for observed patients (p=0.05).
The 5-year overall survival (OS) rate was 66%+9% for
treated and 37%=10% for observed patients (p=0.02).
Conclusions When adjusted for differences in age,
tumour size and initial treatment, survival between
treated and observed patients was no longer significant
(p=0.56 MFS and p=0.92 0S). Differences in baseline
tumour characteristics between treated and observed
patients can influence interpretation of results.

Trial registration number NCT01100528.

INTRODUCTION

While advances in local therapy for uveal melanoma
have resulted in a 95% or greater local tumour control
rate, the development of metastatic disease following
primary treatment remains a challenge.' > Only 2.1%
of patients with uveal melanoma present with meta-
static disease at the time of diagnosis of their primary
tumour.® However, longitudinal follow-up from the
Collaborative Ocular Melanoma Study showed that
349% of patients will develop metastatic disease within
10 years.” * Survival after diagnosis of metastatic
disease is poor, with 80% of patients dying within
lyear of diagnosis of metastasis. Moreover, data
derived from the Surveillance, Epidemiology, and
End Results database indicate a lack of improvement

," Pierre L Triozzi, " Lisa Rybicki,* Susan Achberger,® Wayne Aldrich,’

in survival of patients with uveal melanoma between
1973 and 2013.°

Multiple lines of evidence suggest that micromet-
astatic disease likely occurs early in the disease
course.®” Up to 18% of patients with uveal mela-
noma without clinical evidence of metastatic disease
may have histopathological evidence of metastasis
at autopsy.® Proposed mechanisms by which tumour
cells may remain dormant have included immuno-
logic variables, angiogenic factors and tumour cell
quiescence models.”

In the present era, neither chemotherapy, immu-
notherapy, nor small-molecule biologics have been
shown to improve survival in patients with metastatic
uveal melanoma.” Therefore, identifying patients
at high risk for metastatic disease at presentation
and treating such individuals with adjuvant therapy
to prevent the development of clinically apparent
metastasis has the potential to improve survival.

Both dacarbazine (DTIC) and interferon-alpha
(IFN-0) have shown efficacy in the treatment of
metastatic uveal melanoma in murine models.'*"?
Given that IFN-a exerts anti-tumour activity through
its actions on natural killer cells in addition to other
immune effectors, and that DTIC can sensitise
tumours to immune effectors, these agents may work
synergistically to prevent the development of clini-
cally apparent metastatic disease.”® '* A meta-analysis
of >3000 patients concluded that the combination
of DTIC plus IFN-a. produced a response rate 53%
greater (95%CI: 1.10 to 2.13) than that seen with
DTIC alone.” Such a combination therapy could be
effective in the adjuvant setting that is supported by a
trial reported by Stadler et al involving 252 patients
with cutaneous melanoma.'? Patients randomised to
6 months of sequential low-dose regimen of DTIC
followed by IFN-o. after surgery manifested a reduc-
tion of melanoma-associated deaths compared with
those randomised to no systemic treatment,'? but
a concurrent, DTIC-IFN-o regimen was not effec-
tive.'> 16

Hence, we chose sequential low-dose DTIC
and interferon-alpha-2b (IFN-a—2b) as adjuvant
therapy for uveal in patients that had high-risk
tumour cytogenetics. Herein, we present 5-year
survival outcomes of patients enrolled in an adju-
vant therapy open label phase II study.

MATERIALS AND METHODS

Patients and treatment

This trial was conducted in parallel with a trial of
prognostic fine-needle aspiration biopsy which has
been previously published.'” In all, 150 consecutive

524

Binkley E, et al. Br J Ophthalmol 2020;104:524-528. doi:10.1136/bjophthalmol-2019-314461

BM)

“ybuAdoo Aq parosioid 1sanb Aq #7202 ‘6 udy uo jwod fwg-olg//:dny woly papeojumoq ‘6T0Z 1ISnBny T Uo 1OV TE-6T0Z-owfeyiydolg/9eTT 0T Se paysiignd 1si1y :jowpeyiydo r ig


http://bjo.bmj.com
http://orcid.org/0000-0003-0464-3372
http://orcid.org/0000-0001-9411-0320
http://crossmark.crossref.org/dialog/?doi=10.1136/bjophthalmol-2019-314461&domain=pdf&date_stamp=2020-03-11
NCT01100528
http://bjo.bmj.com/

Clinical science

Clinical diagnosis of melanoma confirmed
(iris, ciliary body, choroid)

|

Negative for metastatic disease (CT of the
chest, abdomen, and pelvis with contrast)

|

| Enrollment in prognostication study |

|

Prognostication performed at time of
primary treatment (resection, plaque
brachytherapy, enucleation)

|

High risk patients (> 20% monosomy 3 by
FISH) offered enroliment in adjuvant trial
(N=62)

N\

Enrolled patients (N=33)
(Treatment Group)

|

| DTIC at 850 mg/m? intravenously on day 1and |

Eligible but not enrolled patients (N=29)
(Observation Group)

day 28 (N=33)
IEN-a-2b at 3 million units (MU) three times a
week subc for 24 weeks beginning at
week 9

|

Hepatic imaging by ultrasound, computed
tomography, and/or magnetic resonance imaging

Hepatic imaging by ultrasound, computed
tomography, and/or magnetic resonance imaging
at least every 6 months. Follow up data collected at least every 6 months. Follow up data collected

for five years after prognostication of the last for five years after prognostication of the last
patient patient

Figure 1  Study design of adjuvant therapy trial of DTIC and IFN-
o—2b in patients with uveal melanoma and high-risk cytogenetics.
Patients with a clinical diagnosis of choroidal melanoma (iris, ciliary
body and choroid) were offered enrolment in a parallel prognostication
study following a negative baseline metastatic evaluation. High-risk
patients (=20% monosomy 3) were offered enrolment in the adjuvant
therapy trial with treatment with DTIC and IFN-a.—2b per protocol. In
all, 33 patients enrolled in the trial (treatment group) and 29 eligible
patients did not enrol (observation group). Both groups of patients were
followed with hepatic imaging at least 6 month intervals for 5 years
after prognostication of the last patient. DTIC, dacarbazine;IFN-o—2b,
interferon-alpha-2b.

patients with a clinical diagnosis of uveal melanoma were enrolled
in the prognostication study. Clinical diagnosis of melanoma
was confirmed using slit lamp examination, gonioscopy, indi-
rect ophthalmoscopy (where indicated) and with ancillary
imaging as previously described.'”” American Joint Committee
on Cancer (AJCC) stage was calculated for each patient based
on tumour clinical parameters. Fine-needle aspiration biopsy
using a transcorneal, trans-scleral or transvitreal approach was
performed depending on the location of the tumour.!” Cytology
was performed for diagnosis in each case and where there was
sufficient cellularity, the chromosome 3 status was assessed by
fluorescent in situ hybridisation with directly labelled Spec-
trumGreen and SpectrumOrange enumeration probes for the
alphacentromeric locus of chromosome 3 and a locus-specific
probe, 3p26 (TelVysion 3 p, Abbott Molecular Vysis, Des Plaines,
IL, USA)." ' In all, 200 interphase cells were scored to deter-
mine the percentage of signals per locus."” Based on previous
studies, a cut-off of monosomy 3 in =20% of cells was used to
define high-risk tumour cytogenetics.'” 2°

Inclusion criteria

Patients with high-risk tumour cytogenetics (monosomy 3=20%
of cells), adequate primary therapy (enucleation, brachytherapy
or resection), negative baseline systemic staging with CT scan of

Table 1 Patient characteristics (treated and observed patient
groups)
Not enrolled
Enrolled (n=33) (n=29)
N (%) or median N (%) or median
(range) (range) P value
Sex
Male 16 (48%) 15 (52%)
Female 17 (52%) 14 (48%) 1.0
Age (years)
59 (20-77) 73 (48-91) 0.0002
Involved eye
Right 19 (58%) 15 (52%) 0.80
Left 14 (42%) 14 (48%)
Tumour location
Choroid only 24 (73%) 17 (59%)
Ciliary body +choroid/iris 7 (21%) 12 (41%)
Iris only 2 (6%) 0 0.12
Diameter of tumour base
(mm)

13.0 (3.0-24.00  16.0(2.4-25.0) 0.04

Initial treatment

Enucleation 11 (33%) 17 (59%)
Plaque brachytherapy 20 (61%) 12 (41%)
Local resection 2 (6%) 0 0.08

the chest, abdomen and pelvis with contrast, performance status
(Eastern Cooperartive Oncology Group) less than 2 and normal
organ function were offered enrolment in the adjuvant therapy
trial. Patients had to be entered within 56 days of completing
primary therapy. DTIC was administered at 850 mg/m?” intrave-
nously on day 1 and day 28. IFN-0.—2b was administered at
3 million units (MU) three times a week subcutaneously for 24
weeks beginning at week 9. Toxicity was graded using National
Cancer Institute Common Toxicity Criteria (Version 2.0). With
the exception of haematologic toxicity, dosing was held and
modified for grade 3 or 4 toxicities. IFN-a-2b was withheld
for Grade 4 neutropenia, that is, absolute neutrophil count
(ANC)<500/mm’, and restarted at 1.5 MU when ANC=1000/
mm’. Baseline staging was done with CT and subsequent surveil-
lance (every 6 months) with by hepatic ultrasonography as per
standard of clinical practice.”! Any suspicious findings on liver
ultrasonography were confirmed by hepatic CT/MRI prior to
liver biopsy. Follow-up data were collected for 5years after
enrolment of the last patient in the trial (figure 1).

Statistical analysis

Study sample size

Precher et al reported a 3-year metastasis-free survival (MFS)
rate for patients with monosomy 3 of 50%.%* This translates to
a 2-year rate of 63% with an assumption that MFS follows an
exponential distribution. For the purposes of this clinical trial,
treatment would be considered ineffective if the 2-year MFS was
<60%, and the combination would be considered promising if
the MFS was >80%.

Statistical power analysis

Based on the current status of accrual at our institution, it was
estimated that over 3 years, a maximum of 36 eligible and evalu-
able patients would be needed to provide >80% power to detect
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Figure 2 Metastasis-free (A) and overall survival (B) of treated and observed patients. In univariable analysis, treated patients had improved and
metastasis-free survival (A) and overall survival (B) compared with observed patients.

an increase in the 2-year MFS from 60% to 80% base on a two-
sided test with a type 1 error of 0.05

Analysis

Data were summarised as frequency counts and percent-
ages (categorical variables) or median and range (continuous
variables). Baseline characteristics were compared between
treated and observed patients with y* test, Fisher’s exact test
or Wilcoxon rank sum test. MFS was defined as the time from
primary therapy to the first sign of metastatic disease or death
from any cause; patients who were alive without disease at last
follow-up were censored. Overall survival (OS) was calculated
from the date of primary treatment to the date of death from any
cause; patients who were alive at last follow-up were censored.
Both outcomes were estimated with the method of Kaplan-
Meier and compared between treated and observed patients
with the log-rank test. Five-year estimates of MFS and OS are
presented with 95% Cls. Cox proportional hazards analysis was
used to assess the effect of treatment versus observation on MFS
and OS after adjusting for other prognostic factors. Candidate
adjustment factors included gender, age, involved eye, tumour
location, monosomy 3, tumour diameter and initial treatment.
Results were summarised as HR and 95% CI. All statistical anal-
yses were performed using SAS software V.9.4 (SAS Institute,
Cary, NC, USA).

RESULTS

In all, 150 patients were enrolled in the prognostication trial.
Of these patients, 33 patients with high-risk cytogenetics (22%)
enrolled in the adjuvant therapy trial (treatment group), 29
(19%) were eligible for the trial but did not enrol (observation
group) and 88 (59%) with low-risk cytogenetics were not eligible
for the trial (figure 1). Overall, among 62 eligible patients with
high-risk cytogenetics, 50% were men, median age at initial
surgery was 64 years (range: 20-91), and 66% had choroidal
tumours. The median tumour diameter was 14.5 mm (range:
2.4-25.0) and AJCC stage was distributed fairly evenly (18%
stage 1, 29% stage 2, 249% stage 3 and 18% stage 4). Initial treat-
ment was plaque brachytherapy in 52%, enucleation in 45% and
local resection in 3% (table 1).

Patients in the treatment and observation groups differed
with respect to age, basal tumour diameter and AJCC stage
with treated patients being younger (median age 59 vs 73 years,
p=0.0002), having smaller tumours (median basal diameter
13.0 vs 16.0mm, p=0.04) and lower AJCC stage (p=0.03)
when compared with observed patients (table 1).

Therapy was well tolerated. All treated patients received the
prescribed doses of DTIC and IFN-a.—2b. Grade 1 or 2 fatigue,
reported by 33 patients (87%), was most common. Grade 1
or 2 elevations in hepatic transaminases were observed in 14
patients (37%), and grade 1 or 2 depression, in five patients
(13%). Grade-3 haematological toxicity was observed in six
patients while on IFN-0.—2b that was dose-limiting. No grade
4 adverse events were reported. Ocular toxicities were not
observed.

One patient was lost to follow-up and was not included in
calculations of MFS or OS. Among 28 patients who were alive
and metastasis-free, median follow-up was 62 months (range:
1-86), with 79% having at least 4 years and 64% having at
least 5 years of follow-up. In univariable Cox analysis, observed
patients had worse MFS (HR: 2.10, CI: 1.00 to 4.41, p=0.05)
and OS (HR: 2.41, 95% CI: 1.13 to 5.16, p=0.02) relative to
treated patients. Five-year and median MFS were 64% (44-78)
and 79 months in treated patients and 33% (15-52) and 29
months in observed patients (figure 2A). Five-year median OS
was 66% (45-80, median not observed) in treated patients
and 37% (19-55, median 54 months) in observed patients
(figure 2B).

On multivariable analysis, using factors identified to be
significant by univariate analysis (table 1), age and initial treat-
ment modality were independent predictors of MFS and age
and tumour diameter were independent predictors of OS; treat-
ment versus observation was not significant for either outcome.
When treatment versus observation was added to these models,
the observed difference in MFS and OS between the groups
was no longer significant (p=0.56and p=0.92, respectively)
(table 2).

Table 2 Multivariable analysis of metastasis-free and overall
survival

Survival HR 95%Cl P value

Metastasis-free survival

Observed versus treated 1.27  0.56 t0 2.90 0.56
Age (10-year increase) 135 0.98t01.87 0.07
Initial treatment (enucleation vs other) 3.83 1.79t08.18 <0.001

Overall survival

Observed versus treated 1.04 0.44t02.47 0.92
Age (10-year increase) 159 1.10t02.30 0.013
Tumour basal diameter (1 mm increase) 118 1.07t01.31 0.001
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Table 3  Published risk stratified adjuvant therapy trials for uveal melanoma using molecular techniques

Study Design Inclusion criteria

Enrolment (N) Median follow-up Outcomes

Adjuvant dendritic cell
vaccination in high-risk uveal
melanoma (Bol et a/ 2016)

(monosomy 3)

Adjuvant sunitinib in high-risk  Retrospective cohort study
patients with uveal melanoma
(Valsecchi et al 2018)

1) High-risk chromosome
status (monosomy 3 and 8q

size (T3-4 AJCC)

A prospective trial of adjuvant  Non-randomised prospective clinical ~ High-risk chromosome status

therapy for high-risk uveal trial
melanoma: assessing 5-year

survival outcomes (present

study)

(monosomy 3)

Non-randomised phase Il clinical trial High-risk chromosome status

amplification) or GEP class two or
(2) high-risk chromosome status
(monosomy 3) and large tumour

23 patients completed at Median DFS 34.5 months
least one cycle, 18 patients (95%Cl: 27.2 to 41.8)
completed all three vaccination Median 0S 51.8 months

cycles (95%Cl :42.1 t0 62.7)

128 (54 treated patients) Median PFS-treated patients
58.6 months (95% Cl: 33.1

to 84.1)

5-year OS probability

Sunitinib 0.75 (95% Cl: 0.59
t0 0.85)

No sunitinib 0.55 (95% CI 0.43
t0 0.66)

Median (for metastasis-free 5-year MFS enrolled 64%+9%,

patients still being followed)  not enrolled 33%+10%

63.9 months (range: 1.0-97.5) 5-year 0S 66%=9% enrolled,
37%=+10% not enrolled

Not reported

Median 52.7 months (range:
0.26-108 months)

150 (33 treated patients)

AJCC, American Joint Committee on Cancer; DFS, disease-free survival; GEP, gene expression profiling; MFS, metastasis-free survival; OS, overall survival; PFS, progression-free survival.

DISCUSSION

Several published adjuvant studies conducted prior to the
development of molecular methods of prognostication have
been largely ineffective.”>> Methanol-extract bacilli Calmette-
Guerin vaccine, IFN-o.—2a, [FN-a—2b, intra-arterial hepatic
fotumustine and DTIC monotherapy have been unsuccessful in
improving survival in patients at high risk for metastasis, prog-
nosticated based on clinical features.>>’

Molecular strategies such as chromosome analysis, multi-
plex ligation-dependent probe amplification (MLPA) and gene
expression profiling (GEP) have now enhanced our ability to
accurately prognosticate and identify patients who would benefit
the most from adjuvant therapy.”*>° There are several trials that
are either in progress or were terminated due to lack of accrual.
The decision to undergo prognostication test in a disease wherein
adjuvant therapy is unavailable or ineffective can be emotion-
ally complex.?! Although all patients with high-risk cytogenetics
were offered enrolment in this adjuvant trial, only about half
of the patients (47%, 29 of the 62 eligible patients enrolled).
In general, several factors such as burden of excessive testing,
older age, existing comorbidity, potential drug toxicity and
frequent hospital visits can deter patients from prognostication®”
and/or entering an adjuvant therapy trial.*> Given that this was
an exploratory study, randomisation was not conducted. If the
results were encouraging (positive), a confirmatory randomised
study would have been conducted.

Excluding the present study, there are only two published
adjuvant therapy trials using cytogenetic molecular risk stratifi-
cation as inclusion criteria (table 3).>*35 A recent retrospective
cohort study of the tyrosine kinase inhibitor sunitinib in high-
risk patients as defined by tumour monosomy 3 and 8q ampli-
fication, monosomy 3 and AJCC class 3 or 4, or class 2 GEP
profile showed promise in improving survival in patients with
high-risk tumours.* However, the patients in the treated group
were both younger and with smaller tumours than the institu-
tional controls used for comparison in the study.*’

While the findings of our study indicate that low-dose DTIC
and IFN-a—2b therapy does not appear to be effective at
reducing MFS or OS, these findings remain important given that
they highlight the role that clinical features play in determining
metastatic risk and therefore these variables must be carefully
considered when interpreting the results of non-randomised
adjuvant therapy trials when not matched for baseline prog-
nostic characteristics. While there did initially appear to be a
statistically significant improvement in MFS and OS, these

differences were no longer significant after accounting for differ-
ences in age and tumour size. Larger tumours were more likely
to be treated with enucleation rather than globe sparing therapy
likely accounting for the difference in outcomes based on initial
treatment modality. Patients in the treatment group had smaller
tumours and were younger than patients in the observation
group despite having similar high-risk tumour cytogenetics.

Although molecular methods of prognostication including
tumour chromosome analysis and GEP testing provide vali-
dated methods prognostication for patients with uveal mela-
noma, incorporation of tumour size seems to enhance overall
prognostication.”® 3° 3¢ Dogrusoz et al showed AJCC size criteria
for prognosis were enhanced by the addition of tumour chro-
mosome analysis.*® The findings of the present study support
the need to consider both clinical and molecular data when
designing and interpreting the results of adjuvant therapy trials.

As with any therapeutic trial of a rare disease, the number of
patients treated in this study were relatively small (n=33). While
there was no statistically significant improvement in survival after
5 years between treated and observed patients when adjusted for
the variables described above, it is possible that with an increased
number of patients, a significant treatment effect may have been
observed.

In summary, we did not find a significant improvement in
S-year survival outcomes in patients with uveal melanoma with
high-risk cytogenetics who were treated with adjuvant low-dose
DTIC and IFN-0.—2b. These data highlight the importance of
considering both clinical and molecular data when designing
and assessing outcomes in adjuvant therapy trials for uveal
melanoma.
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