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Objective: We sought to investigate clinicopathological characteristics correlated with the 
prognosis of uveal melanoma (UM) patients and find the driving factors of prognosis for 
ciliary/iris melanoma relative to choroid melanoma.
Materials and Methods: We collected patients with uveal melanoma between 1983 and 
2012 from the Surveillance, Epidemiology, and End Results (SEER) database. Primary 
outcomes were evaluated as cancer-specific survival (CSS) and overall survival (OS). The 
Kaplan-Meier analysis was applied for the univariate analysis of CSS and OS and corre-
sponding survival curves. Cox proportional hazards regression was used for multivariate 
analysis to value hazard ratio (HR) of ciliary body/iris melanoma subgroup versus choroid 
melanoma subgroup.
Results: A total of 4359 eligible patients were collected in our study. Novel potential 
prognostic factors for CSS and OS of UM were identified. Age at diagnosis, sex, primary 
tumor site, histologic subtype, tumor size, the extent of disease, and treatment were the 
independent prognostic factors for UM patients (P < 0.05). Interestingly, when concerned 
with the primary site of UM, we found that the ciliary body/iris melanoma subgroup showed 
significant differences in prognosis (both CSS and OS), sex, histologic type, the extent of 
disease, and treatment options relative to choroid melanoma subgroup (P < 0.05). 
Subsequently, stratification analyses suggested that the distinct survival outcomes between 
the ciliary body/iris melanoma and choroid melanoma subgroups mainly attributed to patient 
sex, age, tumor size, the extent of disease, and treatment options (P < 0.05).
Conclusion: Age, sex, primary tumor site, histologic subtype, tumor size, the extent of 
disease, and treatment options are independent prognostic indicators for UM patients. 
Besides, the ciliary body/iris melanoma subgroup shows worse survival outcomes than 
choroid melanoma. Our findings offer inspiration to the individual treatment for UM patients 
with different primary sites.
Keywords: uveal melanoma, overall survival, cancer-specific survival, ciliary body/iris 
melanoma, choroid melanoma

Introduction
Uveal melanoma (UM) is one of the most usual malignant ocular tumors and 
mostly occurs in adults aged 40 to 60 years. Referring to the Surveillance, 
Epidemiology, and End Results (SEER) database, the incidence of UM for the 
period 1973–2008 was approximately 5.1 per million.1
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Treatments for patients with UM include surgery, 
radiotherapy, and other methods based on different disease 
condition aspects, such as tumor characteristics, fellow eye 
status, tumor metastasis, and the patient’s general condi-
tion. Surgical treatments include enucleation and local 
tumor resection.2 Increasing attempts have been put for-
ward to decrease the rate of irreplaceable enucleation, 
which is expected to conserve vision and increase survival 
rates. Radiotherapy, which could reduce the local recur-
rence rate, has also been widely used in UM treatments in 
recent years.1 Several treatments have been administered 
to patients to eliminate not only the primary tumor but also 
occult metastases.

The reported 5-year relative UM survival rate is 
approximately 77–84%.3 Several prognostic factors are 
used to estimate individual future survival. To date, 
a few significant analyses have been conducted to identify 
prognostic factors for patients with UM. These analyses 
indicated that factors such as sex, histology, TNM classi-
fication (T: extent of primary tumor, N: condition of 
regional nodes, M: presence or absence of distant metas-
tases), initial malignancy, race, and age at diagnosis are 
associated with the UM survival rate while only the factors 
histology, TNM classification, and age at diagnosis are 
linked with disease-specific survival.4 However, previous 
reports focused only on a single prognostic factor for UM 
patients and did not perform multivariate analyses. 
Moreover, other potential prognostic factors, such as 
sex, year of diagnosis, and treatment, have not yet been 
reported or have not reached a consensus.5–11 Previous 
reports were mostly based on single-center research, in 
which the sample size might be insufficient. In addition, 
relevant systematic studies have not been performed on the 
differences in demographic or clinicopathological vari-
ables that affect the prognosis of UM between the different 
primary sites, ie, ciliary body, iris, and choroid. Therefore, 
more comprehensive and systematic efforts in identifying 
UM prognostic factors are required.

In the present study, we conducted a SEER population- 
based study that included 4359 cases and identified sig-
nificant survival differences between choroid melanoma 
and ciliary body/iris melanoma. In addition, we confirmed 
the independent prognostic roles of several clinicopatho-
logical factors of uveal melanoma, which were previously 
disputed because of limited sample sizes. Developing 
a deeper understanding of the differences between ciliary 
body/iris melanoma and choroid melanoma can facilitate 

clinical predictions and prognoses and offer immunother-
apy guidance for UM patients.

Materials and Methods
Patient Cohort
All patients’ cohort information was obtained from the 
SEER database in 18 registries [www.seer.cancer.gov]. 
The database covers about 27.8% of the overall US popu-
lation and is publicly available and widely used in author-
itative tumor epidemiology research. The data extracted 
from the database were analyzed using SEER*Stat soft-
ware, version 8.3.2.

Certain inclusion criteria were applied to the patient 
cohort in the present study: 1. Patients diagnosed with 
primary malignancy from 1983 to 2012 were reviewed; 
2. All cohort cases were diagnosed when the patients were 
still alive, and the death certificates or autopsies were 
excluded; 3. On the basis of the morphology codes defined 
by the international classification of diseases for oncology 
(ICD-O-3), 8720 malignant melanomas [not otherwise 
specified (NOS)], 8770 mixed epithelioid and spindle cell 
melanomas, 8771 epithelioid cell melanomas, and 8772– 
8774 spindle-cell melanomas were used to identify UM; 4. 
Primary sites of the cases were restricted to the choroid 
and ciliary body/iris by site codes C69.3 and C69.4, 
respectively; 5. Localized, regional, or distant tumors 
were used to describe the disease extent according to the 
SEER staging system (SEER historic stage A); and 6. 
Only patients with known tumor size, survival time, and 
cause of death were included and actively followed up 
without missing data.

In the present study, 6330 records of choroid and 
ciliary body/iris melanoma were obtained from the SEER 
database from 1983 to 2012. Among these patients, 1971 
patients were excluded because of unknown data. Finally, 
4359 patient records remained for analysis in the present 
study.

Statistical Analysis
Certain demographic or clinicopathological variables, 
including age, race, sex, year of diagnosis, primary 
tumor site, histologic subtype, tumor size, extent of dis-
ease, and treatment, were brought into the analysis. The 
age at diagnosis was sorted based on 10-year intervals. 
The basal diameter size of 1 cm is used as a cut-off value 
which can distinguish the large melanoma to small or 
medium one in Collaborative Ocular Melanoma Study 
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(COMS) staging, and 10 mm was also used as the cut-off 
value to large melanoma in several published articles; 
therefore, we used the 1 cm to separate patients into two 
groups, <1 cm and ≥1 cm.12–14

Overall survival (OS) and cancer-specific survival 
(CSS) were recognized as the primary outcome measures. 
CSS time was defined as the months from diagnosis to 
death attributed to UM, while OS time was measured as 
the time from diagnosis to death due to all possible causes. 
The Kaplan-Meier method and Log-rank tests were con-
ducted for the univariate analysis of CSS and OS and 
corresponding survival curves. A Cox proportional 
hazards regression was used for multivariate analysis to 
control for potential confounding variables. The hazard 
ratio (HR) and matched 95% confidence interval (CI) of 
CSS and OS were calculated using the Cox proportional 
hazards regression model.

Patients were assigned into two subgroups referring to 
the primary site: ciliary body/iris melanoma subgroup and 
choroid melanoma subgroup. A Cox proportional hazard 
model was also adopted to estimate the HR of the ciliary 
body/iris melanoma subgroup versus the choroid mela-
noma subgroup, and a forest plot of the HR was created 
to better evaluate the association between potential prog-
nostic factors and OS and CSS.

Statistical significance was defined once a two-sided 
p-value <0.05. The Kaplan-Meier method, Log-rank tests, 
and Cox proportional hazards regression were analyzed 
using IBM SPSS Statistics, version 23 (SPSS Inc/IBM 
Chicago, Illinois, USA) and R software, version 4.0.2.

Results
Patient Baseline Characteristics
Overall, 4359 patients were brought into the present study, 
of which 1743 (40.0%) died due to various reasons and 
1055 (24.2%) died from UM. The clinicopathological 
characteristics of UM patients are shown in Table 1. 
Among the patients included, 2307 (52.9%) patients in 
the cohort were male. The median age for the UM patients 
at diagnosis was 60-year-old. The primary tumor sites of 
3822 (87.7%) patients occurred at the choroid, with the 
remaining cases occurring at the ciliary body and iris. For 
the histologic subtype, 2948 (67.6%) cases were malignant 
melanoma (NOS), 593 (13.6%) were mixed epithelioid 
and spindle cell melanoma, 184 (4.2%) were epithelioid 

Table 1 Baseline Demographics and Clinical Characteristics of 
Patients (n=4359)

Characteristic No. (%)

Age
<40 394 (9.0)

40–49 617 (14.2)
50–59 1070 (24.5)

60–69 1075 (24.7)

≥70 1203 (27.6)
Median (Range) 60 (3–98)

Race
White 4273 (98.0)

Black 25 (0.6)
Othera 61 (1.4)

Sex
Female 2052 (47.1)

Male 2307 (52.9)

Year of diagnosis
1983–1992 504 (11.6)

1993–2002 1181 (27.1)
2003–2012 2674 (61.3)

Primary site
Choroid 3822 (87.7)

Ciliary body and iris 537 (12.3)

Histologic subtype
Epithelioid cell melanoma 184 (4.2)

Spindle cell melanoma 634 (14.5)
Mixed epithelioid and spindle cell melanoma 593 (13.6)

Malignant melanoma, NOS 2948 (67.6)

Tumor size (cm)
<1.0 880 (20.2)

1.0–1.5 1397 (32.0)
>1.5 2082 (47.8)

Extent of disease
Localized 3978 (91.3)

Regional 330 (7.6)

Distant 51 (1.2)

Treatment
No surgery or radiotherapy 130 (3.0)
Radiotherapy only 2355 (54.0)

Surgery only 1549 (35.5)

Surgery + radiotherapy 325 (7.5)

Survival months
Median (Range) 62 (0–371)

Notes: aIncluding American Indian/Alaska Native, Asian/Pacific Islander; SEER 
1983–2012. 
Abbreviation: NOS, not otherwise specified.
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cell melanoma, and 634 (14.5%) were spindle-cell mela-
noma. Among the overall patients, 130 (3.0%) did not 
receive any surgery or radiotherapy, 1549 (35.5%) under-
went surgery, 2355 (54.0%) received radiotherapy, and 
325 (7.5%) underwent both surgery and radiotherapy. 
The median survival time for all enrolled patients was 62 
months (Table 1).

Prognostic Factors Associated with the 
OS and CSS of UM
The factors age, sex, race, primary site, histologic subtype, 
tumor size, disease extent, and treatment were included in 
the univariate analysis. The Kaplan-Meier survival analy-
sis identified different prognoses for patients of different 
ages (Tables 2 and 3). Older age was associated with 
worse outcomes. For the primary site, patients with chor-
oid melanoma had significantly better OS and CSS rates 
than patients diagnosed at the ciliary/iris body (OS, HR 
1.151, 95% CI 1.008–1.315, P = 0.038; CSS, HR 1.224, 
95% CI 1.034–1.449, P = 0.019) (Figures 1 and 2). 
Different outcomes were observed with different histolo-
gic subtypes compared to the epithelioid subtype, and the 
other histologic types all presented better clinical out-
comes (OS, epithelioid, reference; spindle, HR 0.386, 
95% CI 0.312–0.478, P < 0.001; mixed, HR 0.698, 95% 
CI 0.569–0.856, P = 0.001; CSS, epithelioid, reference; 
spindle, HR 0.292, 95% CI 0.224–0.382, P < 0.001; 
mixed, HR 0.682, 95% CI 0.535–0.870, P = 0.002). We 
found that radiation treatment significantly improved the 
OS but not the CSS while surgery or surgery plus radiation 
therapy led to significantly unfavorable CSS in uveal mel-
anoma (OS, No, reference; radiation, HR 0.710, 95% CI 
0.538–0.937, P = 0.016; surgery, HR 1.225, 95% CI 
0.930–1.612, P = 0.148; surgery + radiotherapy, HR 
1.245, 95% CI 0.915–1.694, P = 0.164; CSS, No, refer-
ence; radiation, HR 0.887, 95% CI 0.582–1.352, P = 
0.577; surgery, HR 1.841, 95% CI 1.213–2.794, P = 
0.004; surgery + radiotherapy, HR 2.060, 95% CI 1.318– 
3.220, P = 0.002). Moreover, the extent of the disease 
might be an independent predictor of UM. Our results 
indicated that the sex or race of the patient had no impact 
on the OS or CSS (all, P > 0.05) (Tables 2 and 3).

A multivariate Cox analysis was also used to prove the 
independent prognostic factors for OS and CSS (Tables 2 
and 3). For OS, an increased mortality risk was observed 
for male (HR 1.121, 95% CI 1.019–1.233, P = 0.018) and 
older patients (Table 2). In particular, patients aged above 

50 years presented dismal prognoses compared with those 
of patients aged below 40 years. White patients had similar 
outcomes compared to their black counterparts. However, 
patients with ciliary body/iris melanoma had worse out-
comes than those with choroid melanoma (HR 1.208, 95% 
CI 1.056–1.382, P = 0.006). Concerning the histologic 
subtype, patients with epithelioid cell melanoma had 
worse OS than those with spindle-cell melanoma (HR 
0.470, 95% CI 0.379–0.582, P < 0.001) and mixed epithe-
lioid and spindle cell melanoma (HR 0.677, 95% CI 
0.551–0.831, P < 0.001). As expected, a larger tumor 
size led to a worse prognosis. The distant extent or regio-
nal extent of the tumors led to a higher mortality risk in 
UM patients compared with localized cases. Radiotherapy 
only was associated with better OS than no surgery or 
radiation treatment (HR 0.682, 95% CI 0.516–0.901, P = 
0.007), whereas both surgery only or radiotherapy plus 
surgery did not appear to provide a benefit (HR 1.264, 
95% CI 0.950–1.683, P = 0.107; HR 1.291, 95% CI 
0.946–1.761, P = 0.107) (Table 2). Similar conclusions 
were drawn based on the multivariate Cox analysis of 
CSS, except for sex and treatment. Briefly, age, primary 
site, histologic subtype, tumor size, disease extent, and 
treatment were independent prognostic factors of CSS 
(all, P < 0.05) (Table 3).

As mentioned above, the primary site represented an 
independent prognostic factor for OS and CSS. The rela-
tionship between different clinical features and prognosis 
in the different primary sites of UM has not been reported. 
As shown in Table 4, ciliary body/iris melanoma was 
related to worse OS and CSS than choroid melanoma 
(OS P < 0.001, CSS P = 0.002). Choroid melanoma 
occurred more frequently in male patients, while ciliary 
body/iris melanoma was more common in females (P = 
0.029). The histologic type and disease extent showed 
significant differences between the two subgroups (P < 
0.05). Patients with ciliary body/iris melanoma more fre-
quently received surgery or surgery plus radiation, while 
patients with choroid melanoma more frequently received 
radiotherapy or did not receive surgery or radiation treat-
ment (P < 0.001). In addition, significant differences in 
mean age, race, and tumor size were not observed between 
the two subgroups (P > 0.05).

The multivariate Cox analyses of the OS and CSS of 
the ciliary body/iris melanoma subgroup compared with 
the choroid melanoma subgroup were clearly demon-
strated via a forest plot in Figures 3 and 4. The HRs for 
sex, age, histologic subtype, disease extent, and treatment 
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Table 2 Univariate and Multivariate Analysis of Overall Survival for Uveal Melanoma Patients

Characteristic Univariate Analysis (n=4359) Multivariate Analysis (n=4359)

HR 95% CI P HR 95% CI P

Age

<40 Reference Reference

40–49 1.031 0.784–1.356 0.825 1.023 0.777–1.346 0.873

50–59 2.031 1.601–2.577 <0.001* 1.983 1.561–2.519 <0.001*

60–69 2.542 2.009–3.216 <0.001* 2.578 2.035–3.265 <0.001*

≥70 5.614 4.472–7.047 <0.001* 5.626 4.476–7.07 <0.001*

Sex

Female Reference Reference

Male 1.026 0.933–1.127 0.598 1.121 1.019–1.233 0.018*

Race

Black Reference Reference

White 1.222 0.581–2.567 0.597 0.956 0.454–2.014 0.905

Other 1.126 0.476–2.663 0.787 0.805 0.339–1.909 0.623

Primary Site

Choroid Reference Reference

Ciliary body and iris 1.151 1.008–1.315 0.038* 1.208 1.056–1.382 0.006*

Histologic subtype

Epithelioid Reference Reference

Spindle 0.386 0.312–0.478 <0.001* 0.47 0.379–0.582 <0.001*

Mixed 0.698 0.569–0.856 0.001* 0.677 0.551–0.831 <0.001*

NOS 0.434 0.360–0.524 <0.001* 0.661 0.54–0.808 <0.001*

Tumor size (cm)

<1.0 Reference Reference

>1.0 1.806 1.600–2.039 <0.001* 1.763 1.558–1.994 <0.001*

Extent of disease

Localized Reference Reference

Regional 1.895 1.611–2.228 <0.001* 1.533 1.301–1.806 <0.001*

Distant 8.196 6.058–11.090 <0.001* 7.617 5.606–10.349 <0.001*

Treatment

No Reference Reference

Radiation 0.710 0.538–0.937 0.016* 0.682 0.516–0.901 0.007*

Surgery 1.225 0.930–1.612 0.148 1.264 0.95–1.683 0.107

Surgery + radiotherapy 1.245 0.915–1.694 0.164 1.291 0.946–1.761 0.107

Note: *P < 0.05. 
Abbreviations: HR, hazard ratio; CI, confidence interval; NOS, not otherwise specified.
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Table 3 Univariate and Multivariate Analysis of Cancer-Specific Survival for Uveal Melanoma Patients

Characteristic Univariate Analysis (n=4359) Multivariate Analysis (n=4359)

HR 95% CI P HR 95% CI P

Age

<40 Reference Reference

40–49 0.959 0.713–1.289 0.781 0.959 0.713–1.292 0.785

50–59 1.542 1.190–1.997 0.001* 1.502 1.158–1.948 0.002*

60–69 1.637 1.263–2.121 <0.001* 1.66 1.279–2.154 <0.001*

≥70 2.518 1.957–3.240 <0.001* 2.502 1.942–3.225 <0.001*

Sex

Female Reference Reference

Male 1.007 0.892–1.136 0.916 1.049 0.929–1.185 0.441

Race

Black Reference Reference

White 0.904 0.405–2.016 0.805 0.84 0.374–1.883 0.671

Other 0.530 0.184–1.528 0.240 0.45 0.155–1.301 0.140

Primary Site

Choroid Reference Reference

Ciliary body and iris 1.224 1.034–1.449 0.019* 1.281 1.08–1.52 0.005*

Histologic subtype

Epithelioid Reference Reference

Spindle 0.292 0.224–0.382 <0.001* 0.36 0.275–0.471 <0.001*

Mixed 0.682 0.535–0.870 0.002* 0.674 0.528–0.861 0.002*

NOS 0.355 0.284–0.443 <0.001* 0.604 0.474–0.77 <0.001*

Tumor size (cm)

<1.0 Reference Reference

≥1.0 2.682 2.237–3.216 <0.001* 2.623 2.182–3.153 <0.001*

Extent of disease

Localized Reference Reference

Regional 1.962 1.610–2.392 <0.001* 1.451 1.187–1.773 <0.001*

Distant 12.134 8.784–16.760 <0.001* 10.75 7.74–14.931 <0.001*

Treatment

No Reference Reference

Radiation 0.887 0.582–1.352 0.577 0.772 0.506–1.178 0.230

Surgery 1.841 1.213–2.794 0.004* 1.671 1.088–2.567 0.019*

Surgery+ radiotherapy 2.060 1.318–3.220 0.002* 1.765 1.126–2.768 0.013*

Note: *P < 0.05. 
Abbreviations: HR, hazard ratio; CI, confidence interval; NOS, not otherwise specified.
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were significantly different between choroid melanoma 
and ciliary body/iris melanoma in the subgroup analysis 
of OS and CSS (P < 0.05) (Figures 3 and 4). Ciliary body/ 
iris melanomas in males, old patients, distant tumors, or 
treatment with both surgery and radiation were associated 
with worse OS prognoses than choroid melanomas (P < 
0.05, Figure 3). Additionally, ciliary body/iris melanomas 
in older patients, patients with localized tumors, or patients 
in the surgery and radiation subgroups had worse CSS 
prognoses than choroid melanomas (P < 0.05, Figure 4).

Discussion
In this study, a large population of 4359 patients with 
different characteristics and outcomes from the SEER 
database was systematically analyzed for potential 

prognostic factors of UM. Age at diagnosis, sex, primary 
tumor site, histologic subtype, tumor size, extent of dis-
ease, and treatment were independent prognostic factors of 
UM. Sex, histologic type, disease extent, and treatment 
showed significant differences between the ciliary body/ 
iris melanoma subgroup and choroid melanoma subgroup. 
Significant differences in age, race, or tumor size were not 
observed between the two groups. Patients with choroid 
melanoma showed distinct survival outcomes compared 
with patients with ciliary body/iris melanoma in the sub-
group analyses of sex, age, tumor size, disease extent, and 
treatment options.

As mentioned above, although many clinical features 
are related to the prognosis of UM, detailed and compre-
hensive investigations on the correlationship between 

Figure 1 The difference in overall survival between choroid melanoma and ciliary body/iris melanoma.
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various primary sites and patient prognosis has not been 
reported. Here, we demonstrated that patients with choroid 
melanoma were related with significantly better OS and 
CSS than patients diagnosed with ciliary body/iris mela-
noma. This worse outcome of ciliary body melanoma was 
reported to be related to a larger tumor size, tumor micro-
vascular patterns, and predilection for monosomy 3 and 8q 
gain.15–19 Consistent with previous studies, ciliary body/ 
iris melanoma was reported to have a higher metastasis 
rate and worse prognosis than choroid melanoma.14,20 In 
a study of 8033 UM patients, the incidence of 5- and 10- 
year metastasis was 19% and 33% for ciliary body mela-
noma and only 15% and 25% for choroid melanoma, 
respectively.16 Li et al21 also showed that the degree of 

ciliary body involvement was significantly associated with 
melanoma-related metastasis, melanomas of estimated cili-
ary body origin had a 1.6–2.3 times higher risk of metas-
tasis than those of choroid origin. However, Kaliki et al22 

reported that iris melanoma contained a better prognosis as 
compared with ciliary and choroidal melanomas, which 
might be caused by the younger age at diagnosis, smaller 
tumor size and less biological activity. One limitation of 
the current study is that recorded from the SEER database 
put the iris UM and ciliary body UM together, which 
might be caused by the lower prevalence rate and adjacent 
location of these two types. Therefore, the association 
between tumor location to prognosis of melanomas need 
to be investigated in the future with more large number of 

Figure 2 The difference in cancer-specific survival between choroid melanoma and ciliary body/iris melanoma.
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cohorts, especially the difference of ciliary and iris 
melanoma.

In addition, there are several advantages in the current 
study. First, we revealed that age, sex, primary site, histo-
logic subtype, tumor size, and whether extent are all the 
independent risk factors to the OS outcome for UM 
patients, but sex failed in the CSS outcome. Second, we 
focused on the different features and outcomes of choroid 
UM and iris/ciliary body type. The distribution of OS, 
CSS, sex, histologic type and whether extent are different, 
with the similar distribution of patient age, race and tumor 
size. Third, based on the 4359 UM patients recorded in the 
SEER database, we revealed that most patients with chor-
oid type UM received radiation therapy (56.1%), while 
most iris/ciliary body UM patients received surgery ther-
apy (50.5%); however, iris/ciliary body subgroup 

presented the poor prognosis after treatment; therefore, it 
is necessary to re-evaluate the clinical treatment of low 
prevalence UM type.

Several factors are associated with UM prognosis, 
although previous studies presented different results on 
the influence of sex on prognosis through retrospective 
cases.5–7,23,24 The multivariate analysis performed here 
revealed that sex was associated with OS, male patients 
contained a poor prognosis. In addition, an increasing 
number of UM patients are treated with radiation rather 
than enucleation. A previous study reported that UM prog-
nosis is independent of the local treatment method, such as 
tumor resection, plaque radiotherapy, or proton beam irra-
diation, while the opposite results were observed for 
patients treated with enucleation.8–10 A recent review by 
Zimmerman et al25,26 suggested that UM enucleation 

Table 4 Site Seer Summarization of Clinical Features

Characteristic Parameters Ciliary Body and Iris (n=537) Choroid (n=3822) P value

Age 59.35 ± 16.32 60.16 ± 14.65 0.276

OS (%) Alive 281 (52.3) 2335 (61.1) <0.001*

Dead 256 (47.7) 1487 (38.9)

CSS (%) Alive 378 (70.4) 2926 (76.6) 0.002*
Dead 159 (29.6) 896 (23.4)

Sex (%) Female 277 (51.6) 1775 (46.4) 0.029*
Male 260 (48.4) 2047 (53.6)

Race (%) Black 1 (0.2) 24 (0.6) 0.432
Other 9 (1.7) 52 (1.4)

White 527 (98.1) 3746 (98.0)

Histologic type (%) Epithelioid 32 (6.0) 152 (4.0) <0.001*

Mixed 98 (18.2) 495 (13.0)

MM, NOS 292 (54.4) 2656 (69.5)
Spindle 115 (21.4) 519 (13.6)

Size 249.62 ± 408.39 282.90 ± 426.08 0.079

Extent of disease (%) Distant 9 (1.7) 42 (1.1) 0.008*

Localized 504 (93.9) 3474 (90.9)
Regional 24 (4.5) 306 (8.0)

Surgery (%) No 224 (41.7) 2261 (59.2) <0.001*
Yes 313 (58.3) 1561 (40.8)

Radiation (%) No 284 (52.9) 1395 (36.5) <0.001*
Yes 253 (47.1) 2427 (63.5)

Treatment (%) Both 42 (7.8) 283 (7.4) <0.001*
No 13 (2.4) 117 (3.1)

Radiation 211 (39.3) 2144 (56.1)

Surgery 271 (50.5) 1278 (33.4)

Note: *P < 0.05.
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Figure 3 The diverse overall survival outcome between Choroid melanoma and Iris/Ciliary body melanoma among different clinical subtypes. For each subgroup analysis, 
Iris/Ciliary body was used as the reference. *P < 0.05. 
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; NOS, not otherwise specified.

Figure 4 The diverse cancer-specific survival outcome between Choroid melanoma and Iris/Ciliary body melanoma among different clinical subtypes. For each subgroup 
analysis, Iris/Ciliary body melanoma was used as the reference. *P < 0.05. 
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval; NOS, not otherwise specified.
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increased tumor cell dissemination and likelihood of can-
cer metastasis. Surgical procedures for UM could uninten-
tionally induce a high risk of extrascleral extension via the 
dissemination of the tumor emboli by transected orbital 
vessels and conjunctival lymphatics.27 The present study 
revealed that treatment with radiotherapy was associated 
with better OS than no surgery or radiation treatment, 
whereas patients who underwent surgery only or surgery 
plus radiotherapy did not show significantly different OS 
than patients without treatment.

Although great advances have been made in UM prog-
nosis, exhaustive and comprehensive studies on the differ-
ences between different sites of UM are still lacking. We 
systematically investigate independent prognostic factors for 
UM patients based on a large-sample multicenter database. 
We systematically demonstrated the different influences of 
the factors sex, race, histologic type, tumor size, disease 
extent, treatment, and prognosis at different primary sites. It 
is also essential to think about the limitations of this study. 
First, the SEER database did not include details on several 
important therapies, such as chemotherapy, immunotherapy, 
and molecular targeted therapy, or a detailed characterization 
of the radiotherapy protocols (ie, dosage and location). 
Second, this database lacked certain clinical examinations, 
such as visual acuity. Furthermore, SEER did not include 
data from several large ocular oncology treatment centers in 
the US, including those in Boston and Philadelphia. Finally, 
because the dataset was retrospectively collected, further 
prospective studies are required.

Conclusion
In conclusion, our study identified independent prognostic 
factors for UM and different clinical features and factors 
that affect the prognosis of ciliary body/iris melanoma and 
choroid melanoma. These data can help provide a deeper 
understanding of UM, promote the predictive accuracy of 
the survival of individual UM patients.

Data Sharing Statement
The data from present study are available in Surveillance, 
Epidemiology, and End Results database, http://seer.can 
cer.gov.

Ethics Approval and Consent to 
Participate
Not applicable. Informed patient consent was not required 
for data released by the freely available SEER database.

Acknowledgments
We thank the contribution of the SEER database and the 
18 registries supplying cancer research information.

Author Contributions
XL, YR, JM, and HZ conceived and designed this study. 
XL and YR performed the analyses and prepared all the 
tables and figures. XL wrote the main manuscript. JM and 
HZ directed the completion of the study and modified the 
manuscript. All authors contributed to data analysis, draft-
ing or revising the article, have agreed on the journal to 
which the article will be submitted, gave final approval of 
the version to be published, and agree to be accountable 
for all aspects of the work.

Disclosure
All authors declare that they have no conflicts of interest 
for this work.

References
1. Singh AD, Turell ME, Topham AK. Uveal melanoma: trends in 

incidence, treatment, and survival. Ophthalmology. 2011;118 
(9):1881–1885. doi:10.1016/j.ophtha.2011.01.040

2. Jang BS, Chang JH, Oh S, Lim YJ, Kim IH. Chirurgie vs. strah-
lentherapie bei patienten mit uveamelanom: analyse der 
SEER-datenbank mithilfe von propensity-score-matching und - 
gewichtung. Strahlentherapie und Onkologie. 2017;193(11):9 
31–942. doi:10.1007/s00066-017-1203-0

3. Singh AD, Topham A. Survival rates with uveal melanoma in the 
United States: 1973–1997. Ophthalmology. 2003;110(5):962–965. 
doi:10.1016/s0161-6420(03)00077-0

4. Andreoli MT, Mieler WF, Leiderman YI. Epidemiological trends in 
uveal melanoma. Br J Ophthalmol. 2015;99(11):1550–1553. doi:10. 
1136/bjophthalmol-2015-306810

5. Zloto O, Pe’er J, Frenkel S. Gender differences in clinical presenta-
tion and prognosis of uveal melanoma. Invest Ophthalmol Vis Sci. 
2013;54(1):652–656. doi:10.1167/iovs.12-10365

6. Rietschel P, Panageas KS, Hanlon C, Patel A, Abramson DH, 
Chapman PB. Variates of survival in metastatic uveal melanoma. 
J Clin Oncol. 2005;23(31):8076–8080. doi:10.1200/jco.2005.02. 
6534

7. Shields CL, Kaliki S, Furuta M, Mashayekhi A, Shields JA. Clinical 
spectrum and prognosis of uveal melanoma based on age at presenta-
tion in 8033 cases. Retina. 2012;32(7):1363–1372. doi:10.1097/ 
IAE.0b013e31824d09a8

8. Augsburger JJ, Gamel JW, Lauritzen K, Brady LW. Cobalt-60 plaque 
radiotherapy vs enucleation for posterior uveal melanoma. Am 
J Ophthalmol. 1990;109(5):585–592. doi:10.1016/S0002-9394(14) 
70691-9

9. Augsburger JJ, Schneider S, Freire J, Brady LW. Survival following 
enucleation versus plaque radiotherapy in statistically matched sub-
groups of patients with choroidal melanomas: results in patients 
treated between 1980 and 1987. Graefes Arch Clin Exp 
Ophthalmol. 1999;237(7):558–567. doi:10.1007/s004170050279

10. Seddon JM, Gragoudas ES, Egan KM, et al. Relative survival rates 
after alternative therapies for uveal melanoma. Ophthalmology. 
1990;97(6):769–777. doi:10.1016/S0161-6420(90)32512-5

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S328910                                                                                                                                                                                                                       

DovePress                                                                                                                       
5231

Dovepress                                                                                                                                                            Liang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

http://seer.cancer.gov
http://seer.cancer.gov
https://doi.org/10.1016/j.ophtha.2011.01.040
https://doi.org/10.1007/s00066-017-1203-0
https://doi.org/10.1016/s0161-6420(03)00077-0
https://doi.org/10.1136/bjophthalmol-2015-306810
https://doi.org/10.1136/bjophthalmol-2015-306810
https://doi.org/10.1167/iovs.12-10365
https://doi.org/10.1200/jco.2005.02.6534
https://doi.org/10.1200/jco.2005.02.6534
https://doi.org/10.1097/IAE.0b013e31824d09a8
https://doi.org/10.1097/IAE.0b013e31824d09a8
https://doi.org/10.1016/S0002-9394(14)70691-9
https://doi.org/10.1016/S0002-9394(14)70691-9
https://doi.org/10.1007/s004170050279
https://doi.org/10.1016/S0161-6420(90)32512-5
https://www.dovepress.com
https://www.dovepress.com


11. Querques G, Bux AV, Iaculli C, Delle Noci N. Local resection versus 
combined local resection and plaque radiotherapy in the treatment of 
choroidal melanoma. Eur J Ophthalmol. 2010;20(1):194–200. 
doi:10.1177/112067211002000127

12. Shields CL, Sioufi K, Robbins JS, et al. Large uveal melanoma 
(>/=10 mm thickness): clinical features and millimeter-by- 
millimeter risk of metastasis in 1311 cases. The 2018 Albert 
E. Finley lecture. Retina. 2018;38(10):2010–2022. doi:10.1097/ 
IAE.0000000000002144

13. Diener-West M, Earle JD, Fine SL, et al. The COMS randomized trial 
of iodine 125 brachytherapy for choroidal melanoma, III: initial 
mortality findings. COMS Report No. 18. Arch Ophthalmol. 
2001;119(7):969–982. doi:10.1001/archopht.119.7.969

14. Shields CL, Furuta M, Thangappan A, et al. Metastasis of uveal melanoma 
millimeter-by-millimeter in 8033 consecutive eyes. Arch Ophthalmol. 
2009;127(8):989–998. doi:10.1001/archophthalmol.2009.208

15. Damato B, Coupland SE. A reappraisal of the significance of largest 
basal diameter of posterior uveal melanoma. Eye. 2009;23 
(12):2152–2160. doi:10.1038/eye.2009.235-cme

16. McLean IW, Foster WD, Zimmerman LE. Uveal melanoma: location, 
size, cell type, and enucleation as risk factors in metastasis. Hum 
Pathol. 1982;13(2):123–132. doi:10.1016/s0046-8177(82)80116-0

17. Prescher G, Bornfeld N, Hirche H, Horsthemke B, Jockel KH, Becher R. 
Prognostic implications of monosomy 3 in uveal melanoma. Lancet. 
1996;347(9010):1222–1225. doi:10.1016/S0140-6736(96)90736-9

18. Damato B, Duke C, Coupland SE, et al. Cytogenetics of uveal 
melanoma: a 7-year clinical experience. Ophthalmology. 2007;114 
(10):1925–1931. doi:10.1016/j.ophtha.2007.06.012

19. Rummelt V, Folberg R, Woolson RF, Hwang T, Pe’er J. Relation 
between the microcirculation architecture and the aggressive beha-
vior of ciliary body melanomas. Ophthalmology. 1995;102 
(5):844–851. doi:10.1016/S0161-6420(95)30947-5

20. Shields CL, Kaliki S, Shah SU, Luo W, Furuta M, Shields JA. 
Iris melanoma: features and prognosis in 317 children and 
adults. J AAPOS. 2012;16(1):10–16. doi:10.1016/j.jaapos.2011. 
10.012

21. Li W, Gragoudas ES, Egan KM. Metastatic melanoma death rates by 
anatomic site after proton beam irradiation for uveal melanoma. Arch 
Ophthalmol. 2000;118(8):1066–1070. doi:10.1001/archopht.118.8. 
1066

22. Kaliki S, Shields CL. Uveal melanoma: relatively rare 
but deadly cancer. Eye. 2017;31(2):241–257. doi:10.1038/eye.2016. 
275

23. Kujala E, Makitie T, Kivela T. Very long-term prognosis of patients 
with malignant uveal melanoma. Invest Ophthalmol Vis Sci. 2003;44 
(11):4651–4659. doi:10.1167/iovs.03-0538

24. Bergman L, Seregard S, Nilsson B, Lundell G, Ringborg U, 
Ragnarsson-Olding B. Uveal melanoma survival in Sweden from 
1960 to 1998. Invest Ophthalmol Vis Sci. 2003;44(8):3282–3287. 
doi:10.1167/iovs.03-0081

25. Zimmerman LE, McLean IW, Foster WD. Does enucleation of the 
eye containing a malignant melanoma prevent or accelerate the dis-
semination of tumour cells. Br J Ophthalmol. 1978;62(6):420–425. 
doi:10.1136/bjo.62.6.420

26. Zimmerman LE, McLean IW. An evaluation of enucleation in the 
management of uveal melanomas. Am J Ophthalmol. 1979;87 
(6):741–760. doi:10.1016/0002-9394(79)90348-9

27. Affeldt JC, Minckler DS, Azen SP, Yeh L. Prognosis in 
uveal melanoma with extrascleral extension. Arch Ophthalmol. 
1980;98(11):1975–1979. doi:10.1001/archopht.1980.01020040827 
006

International Journal of General Medicine                                                                                         Dovepress 

Publish your work in this journal 
The International Journal of General Medicine is an international, 
peer-reviewed open-access journal that focuses on general and 
internal medicine, pathogenesis, epidemiology, diagnosis, moni-
toring and treatment protocols. The journal is characterized by the 
rapid reporting of reviews, original research and clinical studies 

across all disease areas. The manuscript management system is 
completely online and includes a very quick and fair peer-review 
system, which is all easy to use. Visit http://www.dovepress.com/ 
testimonials.php to read real quotes from published authors.   

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

DovePress                                                                                                 International Journal of General Medicine 2021:14 5232

Liang et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1177/112067211002000127
https://doi.org/10.1097/IAE.0000000000002144
https://doi.org/10.1097/IAE.0000000000002144
https://doi.org/10.1001/archopht.119.7.969
https://doi.org/10.1001/archophthalmol.2009.208
https://doi.org/10.1038/eye.2009.235-cme
https://doi.org/10.1016/s0046-8177(82)80116-0
https://doi.org/10.1016/S0140-6736(96)90736-9
https://doi.org/10.1016/j.ophtha.2007.06.012
https://doi.org/10.1016/S0161-6420(95)30947-5
https://doi.org/10.1016/j.jaapos.2011.10.012
https://doi.org/10.1016/j.jaapos.2011.10.012
https://doi.org/10.1001/archopht.118.8.1066
https://doi.org/10.1001/archopht.118.8.1066
https://doi.org/10.1038/eye.2016.275
https://doi.org/10.1038/eye.2016.275
https://doi.org/10.1167/iovs.03-0538
https://doi.org/10.1167/iovs.03-0081
https://doi.org/10.1136/bjo.62.6.420
https://doi.org/10.1016/0002-9394(79)90348-9
https://doi.org/10.1001/archopht.1980.01020040827006
https://doi.org/10.1001/archopht.1980.01020040827006
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Patient Cohort
	Statistical Analysis

	Results
	Patient Baseline Characteristics
	Prognostic Factors Associated with the OS and CSS of UM

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval and Consent to Participate
	Acknowledgments
	Author Contributions
	Disclosure
	References

