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Abstract

Introduction: Prognosis of uveal melanoma (UM) is assessed
using clinical staging or molecular testing. Two modalities
often used for prognostication are the American Joint Com-
mittee on Cancer (AJCC) staging and a tumor gene expres-
sion profile (GEP), the outcomes of which are often discor-
dant. This article discusses a total risk score created to com-
binethediscordantinformationfromboth sources. Methods:
A retrospective case series was conducted of all patients pre-
senting with UM over 6 years to 2 referral centers. Each tu-
mor was classified using the AJCC and the GEP. A total risk
score was calculated for each patient using results from both
AJCC and GEP. Kaplan-Meier analysis of metastasis-free sur-
vival was used to compare groups. Results: A total of 294
patients were included in the study. Kaplan-Meier estimates
showed significant curve separation between individual
AJCCand GEP risk groups. The combined total risk score pro-
vided an accurate estimate of prognosis that incorporated
results from both AJCC and GEP. Conclusions: Clinical stag-

ing and molecular prognostication of UM can be discordant.
There is important information provided by each system
that is not provided by the other. The total risk score pro-
vides a simple method to combine information from both
AJCC stage and the GEP class in order to provide patients
and care teams with a more complete understanding of met-

astatic risk. © 2021 S. Karger AG, Basel

Introduction

Uveal melanoma (UM) is a rare, aggressive primary
intraocular tumor. Despite excellent local control of the
primary tumor, the 15-year mortality rate of UM patients
is almost 50% [1]. As metastases are rarely detectable at
the time of diagnosis, great efforts have been directed to-
ward accurate prognostication and identifying high-risk
factors for metastasis. For this purpose, several prognos-
tic tests and classification systems have been developed
[2-4]. The American Joint Committee on Cancer (AJCC)
tumor, node, metastasis classification is a clinical cancer
staging system used across all medical specialties. The
AJCC categorization of melanoma involves measure-
ment of tumor size and determination of its anatomic lo-
cation. The AJCC staging has been shown to correlate
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with metastasis and death in UM [5]. A gene expression
profile (GEP) is a molecular prognostic test using a PCR-
based 15-gene test and classifies melanoma into low- or
intermediate-risk class 1 (1A and 1B) and high-risk class
2 for metastatic disease [3, 6].

Prognostic information such as the GEP has been
shown to alter the surveillance strategies and referral pat-
terns of physicians caring for patients with UM [7]. While
it has been shown that higher risk GEP class and higher
risk AJCC cancer stage are often correlated at presenta-
tion [8], the prognostic outcomes of the 2 entities are not
always in agreement. When discordant, it becomes chal-
lenging to determine an appropriate surveillance strate-
gy. It has been shown that prognostic accuracy can be
improved when the AJCC stage is combined with mo-
lecular studies such as alterations in chromosome 3 or 8
[9]. It has also been shown that the largest basal diameter
(LBD) of the tumor adds prognostic value when added to
the GEP [10, 11]. Recently, Roelofs et al. [12] compared
prognostic models combining GEP with various variables
including LBD and AJCC classification and showed that
a combination of GEP and the LBD was a simple method
to include both molecular and clinical prognostic data. In
clinical practice at our institutions, AJCC staging and
GEP classification are discussed with all patients at the
point of care. These variables are also readily understood
and often used by colleagues in radiation oncology and
medical oncology. We previously published that the com-
bination of GEP classification and AJCC stages enhances
the prognostication of each system [13]. The goal of this
study was to create a simple prognostic tool that is easy to
understand, easy to calculate, and easily combines the
discordant information from both GEP molecular status
and the AJCC staging so that physicians and patients can
better understand prognosis.

Methods

This was a retrospective analysis of patients diagnosed with
UM isolated to the choroid who were diagnosed from July 2010
through January 2016 at the Ocular Oncology Clinic at W. K. Kel-
logg Eye Center at the University of Michigan or at the Ophthalmic
Oncology Program at Yale University. Approval for the study was
obtained through the Institutional Review Board at both hospitals
(Yale Human Investigation Committee #1501015205, Michagan
IRB #HUMO00046408). All patients were diagnosed with choroidal
melanoma by 2 ocular oncologists (H.D. and M.M.) based on his-
tory, ophthalmic examination and imaging, or diagnostic fine-
needle aspiration biopsy when needed. All patients underwent
transscleral or transvitreal fine-needle aspiration biopsy for GEP
testing. This fine-needle aspiration biopsy was performed either
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Table 1. Total risk score is calculated by adding the points assessed
from both AJCC and GEP results for each patient

Risk category AJCC GEP Points
assessed

Low risk Stage | Class1A 1

Intermediate risk ~ Stage lIA and IIB Class1B 2

High risk Stage llIA, 11IB, and lIC  Class 2 3

GEP, gene expression profile; AJCC, American Joint Committee
on Cancer.

prior to placement of I-125 plaque radiotherapy or at the time of
enucleation. Patients were excluded if they had iris melanomas or
iridociliary body melanomas.

Data collected included age at diagnosis, sex, the absence or
presence of ciliary body involvement or extraocular extension,
LBD (mm), tumor thickness (mm), treatment modality (plaque
radiotherapy or enucleation), GEP class (1A, 1B or 2), status of
metastasis, and follow-up period. The LBD (mm) was estimated
based on fundus mapping with indirect ophthalmoscopy and,
when possible, by ocular transillumination. Tumor thickness
(mm) was measured using B-scan ultrasonography with the cali-
pers extending from just under the retina to the base of the tumor
at the inner sclera. Determination of ciliary body involvement was
made by clinical examination and ocular transillumination and
was confirmed by B-scan ultrasonography and ultrasound biomi-
Croscopy.

The AJCC 8th edition was used, and results were categorized
into low risk: stage I (cT1a), intermediate risk: stage II (cT1b-d,
cT2a-b, and cT3a), and high risk: stage III (cT2c-d, ¢T3b-d, and
cT4). Patients presenting with stage IV disease at presentation
(nodal or metastatic disease) were excluded. Patients were also
placed into risk categories based on the following GEP results: low
risk (class 1A), intermediate risk (1B), and high risk (class 2). As
previous studies have shown that an increasing AJCC stage or in-
creasing GEP class is correlated with higher risk of metastases, and
because these scores are already calculated in many patients and
understood by many medical specialties, a model was developed to
incorporate both of these 2 scores into 1 entity. A risk score was
created by applying a point system to the AJCC and GEP result for
each patient. For both AJCC and GEP, 1 point was assigned for low
risk, 2 points for intermediate risk, and 3 points for high risk (Ta-
ble 1). The total risk score was calculated by adding the 2 risk scores
together. A patient with GEP class 1A and AJCC stage I would have
a total risk score of 2. A patient with GEP class 2 and AJCC stage
IITA would have a total risk score of 6.

All patients also underwent complete systemic evaluation regu-
larly at 3-month to yearly intervals with liver ultrasonography or
computed tomography or magnetic resonance imaging of the liv-
er. If medical records were not available, the systemic status was
updated by contacting the patient or primary care physician. The
cause of death was determined by review of medical records and
by contacting the patient’s family. Statistical analysis was complet-
ed using the R Statistical Environment. Kaplan-Meier survival es-
timates were used to predictand compare survival between groups.
Log-rank tests were used to compare Kaplan-Meier curves. p <
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Table 2. Concordance of prognostication results of all patients in
the study

GEP class 1A GEP class 1B GEP class 2
AJCC stage | 41 20 21
AJCCstagelll 89 38 50
AJCCstagellll 2 4 26

GEP, gene expression profile; AJCC, American Joint Committee
on Cancer.

0.05 was considered to be statistically significant. A Cox propor-
tional hazard model was created with the final model of total risk
scores, and the fit of the model was tested using Bayesian Informa-
tion Criteria (BIC) and Akaike Information Criteria (AIC).

Results

We identified 296 patients with choroidal melanoma.
GEP testing was available in 294 of 296 patients (99%).
There were 135 females (46%) and 158 males (54%). The
mean patient age at the time of diagnosis was 62 years
(SD = 14.5, range 15-93 years). The mean tumor thick-
ness and diameter were 5.1 mm (SD = 3.1) and 12.4 mm
(SD = 3.9), respectively. AJCC tumor, node, metastasis
staging showed 82 patients (27%) in the low-risk (stage I)
group, 178 patients (61%) in the intermediate-risk (stage
II) group, and 33 patients (12%) in the high-risk (stage
III) group. No patients presented with stage IV disease.
GEP testing resulted in 132 patients (45%) with class 1A,
63 patients (22%) with class 1B, and 98 patients (33%)
with class 2 status. After a mean follow-up time of 2.81
years (SD = 17.4), 33 (11%) patients developed metastasis
with a median time to metastasis of 14 months.

The number of patients in low-risk, intermediate-risk,
and high-risk groups as determined by both prognostica-
tion tools is presented in Table 2. The concordance of risk
levels was low with only 36% of patients (105 of 291),
demonstrating agreement between classification systems.
Overall, 31% of GEP class 1A patients were also AJCC
stage I, 61% of GEP class 1B patients were also AJCC stage
I1, and 27% of GEP class 2 patients were also AJCC stage
I1I.

Kaplan-Meier survival curves were used to estimate
metastasis-free survival. The 2 prognostication systems
performed well independently. The low-, intermediate-,
and high-risk groups showed increasing rates of metasta-
sis and demonstrated statistically significant differences
in estimated metastasis-free survival between groups
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within the same prognostic tool (Fig. 1). The comparison
of AJCC stage I metastasis-free survival compared to
AJCC stage II metastasis-free survival resulted in a p val-
ue = 0.09. Otherwise, all pairwise comparisons with the
AJCC groups or within the GEP groups resulted in p val-
ue <0.01.

Despite the discordance between outcomes in the
AJCCand GEP, therisk classifications demonstrated very
similar survival estimates. The Kaplan-Meier survival es-
timates of the 2 low-risk classification (GEP class 1A vs.
AJCC stage I) showed no difference between groups
(long-rank test, p = 0.20). The same was true for interme-
diate-risk classifications (GEP 1B vs. AJCC stage II, long-
rank test, p = 0.98). There was a statistically significant
difference between high-risk classifications (GEP class 2,
vs. AJCC stage 3, long-rank test, p = 0.03). While the 2
systems identified different patient cohorts as low, inter-
mediate, and high risk, the different cohorts appeared to
have similar prognostic results.

The discordance within the 2 classifications is further
evidenced by comparing the survival of patients in a GEP
classification based on their AJCC stage. For this purpose,
we looked at GEP class 2 patients as there were >20 pa-
tients in each AJCC stage within GEP class 2. Within the
GEP class 2 group, the survival estimates were very differ-
ent based on the AJCC classification. For patients with
GEP class 2 and AJCC stage I, the Kaplan-Meier estimate
of the 3-year survival was 79% (95% confidence interval:
56-100%). For patients with GEP class 2 and AJCC stage
II, the 3-year survival estimate was 61% (44-85%). For
patients with GEP class 2 and AJCC stage I1I, the surviv-
al estimate was 39% (2-75%). Patients with GEP class 2
and AJCC stage III had significantly worse survival than
patients with GEP class 2 and AJCCstage I or II (p =0.01).

The total risk score was calculated for each patient
based on their individual AJCC and GEP results. A total
of 291 patients had both AJCC and GEP results that could
be combined to form a final total risk score. A Kaplan-
Meier survival estimate was calculated for each total -risk-
score group (2, 3,4, 5, and 6). The number of patients, the
number of metastases in each group, and the 3-year sur-
vival estimate of each group are demonstrated in Table 3.
The plotted survival curves demonstrate that as the total
risk score increases, the metastasis-free survival decreases
(Fig. 2). There was no statistical difference between the
survival curves in group 2 versus group 3 (log-rank test,
p =0.40). All other curves were statistically different from
all other curves (p < 0.05 in each pairwise comparison). A
Cox proportional hazard model was fit using the GEP
data only, the AJCC stage data only, and the total risk
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3-Year K-M metastasis-free survival,% 100 98 88 62 39

(95% confidence interval)

(100-100) (95-100) (78-100) (46-83) (20-76)

score of the combined data. The resulting AIC was better
for the total risk score model (271) than the model using
only the GEP (AIC = 297) and the model using only the
AJCC stage (AIC = 320). Similar results were seen when
calculating the BIC: total risk score (BIC = 272), GEP
(BIC =298), and AJCC (BIC = 321.8).

Discussion

Several prognostication methods have been used in
UM. AJCC classification is based on the clinical features
of UM including the thickness and diameter of UM, in-
volvement of ciliary body, and extraocular extension. Us-
ing AJCC classification 7th edition, Shields and associates
reviewed 7,731 patients and reported Kaplan-Meier esti-
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mates of metastasis of 5% for stage I, 16% for stage II, and
44% for stage III at 5 years [5]. Similar findings were re-
ported in other studies [14]. Monosomy of chromosome
3 and alterations in chromosome 8 have also been shown
to predict mortality in patients with UM [15, 16]. Similar
studies using the GEP have shown similar survival results:
the time-related probability of metastasis at 3 years was
1% for class 1A, 10% for class 1B, and 40% for class 2 UMs
[14]. While gene expression profiling has been shown to
be an independent prognostic tool [3, 6], it has also been
reported that clinical factors such as the basal diameter of
the melanoma can add additional prognostic information
beyond the GEP [10, 11, 13].

There is a documented discordance between clinical
cancer staging and molecular prognostic results [8]. We
observed that 80% of AJCC stage III melanomas were
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GEP class 2 and half of AJCC stage I and II melanomas
were GEP class 1A. However, overall, there was relatively
low concordance between the GEP class and AJCC stag-
ing. Despite the discordance, both systems provide reli-
able prognostic forecasting independent of each other,
suggesting that there must be prognostic information
unique to each system which is not included in the other
system. Recent data support this idea, showing that the
clinical cancer staging prognosis can be improved upon
with additional of molecular data [14, 15]. Itis important,
if possible, that patients are evaluated for both a clinical
staging prognosis as well as a molecular tumor prognosis.

Discerning future prognosis when prognostic tools are
discordant can be challenging. The AJCC stage and the
GEP result are 2 pieces of information available to many
ocular oncologists, patients, and oncology care teams.
They are also discussed at the point of care in many situ-
ations. In this study, we have developed a simple scoring
system, the total risk score, that seamlessly combines the
prognostic information from these 2 entities. The scoring
system requires a basic calculation and can be done easily
in clinic. The results show an increasing rate of metastasis
for increases in the total risk score. If patients are at low
risk for both AJCC as well as the GEP (total risk score =
2), their overall risk is very low. However, the risk of met-
astatic disease increases with subsequent increases in the
total risk score. In our study, we did not see a significant
difference between a total risk score of 2 and 3. However,
there were no metastases in the former group and mul-
tiple metastases in the latter group. Previous studies have
shown that there is a difference between survival in AJCC
stage I versus stage Il and also in GEP class 1A versus class
1B; therefore, we expect that in larger studies, the differ-
ence between the total risk score of 2 and 3 will be sig-
nificant.

The scoring system becomes very useful for patients
with discordant results. A class 2 GEP result will have a
very different prognosis if the tumor is low, intermediate,
or high risk in the AJCC classification. In this analysis, the
molecular prognostic test used was the GEP. This re-
search was completed prior to the availability of next-
generation sequencing, which may provide additional
precision to the total risk score. It is likely that other mo-
lecular prognostic tests can be adapted to the total risk
score.

This study is limited by its small size, limited follow-up
in some patients, and retrospective paradigm. However,
despite its small size, the survival curves for the total-risk-
score groups demonstrated statistically significant differ-
ences, signifying that the total risk score accurately strat-
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ifies patients. The total risk score estimates a more precise
prognosis than either the AJCC or GEP prognosis alone,
highlighted by the improved fit of the model using the
total risk score compared to the AJCC or GEP alone. If
only one of the prognostic tools is used, a large number
of patients with discordant prognostic data may be con-
sidered higher or lower risk than their true risk. The total
risk score is easy to calculate at the point of care, easy to
understand, and precisely estimates total metastatic risk.
It can be used as a method of risk stratification to more
precisely tailor systemic surveillance after primary treat-
ment of choroidal melanoma as well as to identify high-
risk patients who may benefit from adjuvant therapies or
clinical trials.
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