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Impact of Therapy & Age in Choroidal Cancers:
A Retrospective Cohort Analysis of 7722 Patients
from a US National Database

Zain Hussain Background: Collectively, choroidal cancers represent a vast array of histopathologically
Jawad Khan diverse constituencies with profound repercussions related to mortality and metastasis.
Shaheer Ali Prognosticated factors provide utility in determining clinical management and outcome

propensities. To date, measures to collectively characterize choroidal cancers as a class are
Paul L. Foster School of Medicine, Texas
Tech University Health Sciences Center,
El Paso, TX, USA modalities to survival in patients diagnosed with choroidal cancers.

not impressive. This study aims to shed light on the affiliation of age and therapeutic

Methods: Cohort analysis using the Surveillance, Epidemiology, and End Results (SEER)
program, a freely accessible population-based database, was executed from 1975 to 2016,
a 41-year time window. Univariable and multivariable Cox regression assessed survival with
age and various therapeutic modalities as primary independent variables. Adjustment for
several demographical and clinical variables was performed.

Results: This cohort consisted of 7722 patients at the time of diagnosis. Multivariable Cox
regression demonstrated increased cause-specific hazards of 71.8% for patients aged 75+ years
(HR = 1.718, CI 1.155-2.555, p < 0.008) as compared to patients aged 024 years. 16.2% and
58.0% increases in cause-specific mortality were showcased in patients diagnosed with 8770/3:
mixed epithelioid and spindle cell melanoma (HR = 1.16, p = 0.029) and 8771/3: epithelioid cell
melanoma of the choroid (HR = 1.580, p <0.001) compared to individuals diagnosed with 8720/3:
malignant melanoma NOS of the choroid. Chemotherapy significantly influenced survival in
patients with choroidal cancers compared to those who did not receive chemotherapy or had an
unknown status (HR = 0.377, CI 0.292-0.486, p < 0.001).

Conclusion: Like most cancers, choroidal cancers showcase poor clinical trajectory with
advanced age. Specific ICD-O-3 histological subtypes predispose to increased mortality.
Therapeutic modalities such as radioactive implants and chemotherapeutic agents demonstrate
decreased cause-specific mortality compared to alternative treatments. Altogether, nuanced influ-
ences of age and therapy are revealed when evaluating choroidal cancers as a class, irrespective of

subtype.
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Introduction
Choroidal cancers arise in part due to the high vascular supply via the provision of the

anterior and posterior ciliary arteries.'*®’ Collectively, they supply oxygen and nutrients

to the retina and surrounding structures.>®” Interestingly, the choroid is well characterized
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Treatment options for choroidal cancers include obser-
vation, chemotherapy, immunotherapy, radiotherapy, enu-
cleation, and more.'”” The appropriate treatment modality
is dependent on various factors including age, laterality,
localization, and systemic status of the patient."”’
Regardless, prompt initiation of treatment for choroidal
cancers should be implemented to secure the preservation
of the patient’s health.”’

At the present moment, little to no research evaluates
the collectivity of known choroidal cancers with respect to
survival. Previous studies in patients diagnosed specifically
with choroidal melanomas showcase associative increases
in mortality, basal tumor diameter, metastatic capability
with dissemination to the ciliary body and extraocular

5-8

areas, with the progression of age. Interestingly,

a multitude of studies showcase a controversial association
of survival with age in patients with uveal melanoma.’ '?
An observational case series of 59 patients with choroidal
lymphomas, a true rarity of the intraocular cancers, did not
communicate a prognostication of survival by age.” While
these studies remark on survival in a specific type or subset
of choroidal cancer, the authors' claim that this is one of the
few studies attempting to characterize survival by age and
therapy for choroidal cancers as a comprehensive
denomination.

We hereby present a retrospective cohort study utiliz-
ing the Surveillance, Epidemiology, and End Results
Program (SEER) to characterize the impact of age on
survival in patients with choroidal cancers with adjustment
for sex, race/ethnicity, marital status, Hispanic/Non-
Hispanic origin, laterality, grade, ICD-O-3 Hist/behav,
diagnostic confirmation, chemotherapy, radiation, radia-

tion sequence, and type of follow-up expected.

Methods

The Surveillance, Epidemiology, and End Results (SEER)
Program is a freely available, publicly accessible US
national database comprised of patient de-identified popu-
lation-based registries related to cancer-afflicted patients
that are backed by the National Cancer Institute (NCI) and
Centers for Disease Control and Prevention (CDC). This
retrospective cohort analysis searched over 10 million
patients within the “Incidence — SEER 18 Regs Custom
Data (with additional treatment fields), Nov 2018 Sub
(1975-2016 varying)” for patients diagnosed with choroi-
dal cancers within a 41-year time window. Site and mor-
phology for choroidal cancer patients was selected via the
“Site recode ICD-O-3/WHO 2008” variable in search for

“C69.3-Choroid” as the primary labeled site. Inclusivity of
all choroidal cancers yielded 9091 cases, including 8000/3:
Neoplasm, malignant, 8010/3: Carcinoma, NOS, 8070/3:
Squamous cell carcinoma, NOS, 8720/3: Malignant mela-
noma, NOS, 8721/3: Nodular melanoma, 8722/3: Balloon
cell melanoma, 8723/3: Malignant melanoma, regressing,
8730/3: Amelanotic melanoma, 8740/3: Malignant mela-
noma in junctional nevus, 8743/3: Superficial spreading
melanoma, 8745/3: Desmoplastic melanoma, malignant,
8761/3: Malignant melanoma in giant pigmented nevus,
8770/3: Mixed epithelioid and spindle cell melanoma,
8771/3: Epithelioid cell melanoma, 8772/3: Spindle cell
melanoma, NOS, 8773/3: Spindle cell melanoma, type A,
8774/3: Spindle cell melanoma, type B, 8801/3: Spindle
cell sarcoma, 9120/3: Hemangiosarcoma, 9590/3:
Malignant lymphoma, NOS, 9591/3: Non-Hodgkin lym-
phoma, NOS, 9675/3: Malig lymphoma, mixed small and
large cell, diffuse (OBS 2010+) see 9690/3, 9680/3:
Diffuse large B-cell lymphoma (DLBCL), NOS, and
9699/3: Extranodal marginal zone lymphoma of mucosal-
assoc. lymphoid tissue-MALT. Age was stratified into 4
brackets of “0-24 years”, “25-49 years”, “50-74 years”,
and “75+ years”.

To properly diagnose the relationship between age and
survival in patients with choroidal cancers, multivariable
analysis was performed with adjustment for sex, race/
ethnicity, marital status, Hispanic/Non-Hispanic origin,
laterality, grade, ICD-O-3 Hist/behav, diagnostic confirma-
tion, chemotherapy, radiation, radiation sequence, and type
of follow-up expected. In addition, various treatment mod-
alities including chemotherapy and radiation therapy were
independently assessed for impact on survival in those
with choroidal cancers.

Statistical significance was defined as a p-value <0.05.
All analyses were performed in IBM SPSS Version 26.

Results
Table 1 shows the descriptive statistics of the N = 7722
patients with a valid cause of death classification. Note
that nearly all patients had malignant (99.9%) choroidal
cancer and active follow-up (99.9%) was expected.
Cohort stratified by age showcases 4698 patients
(60.8%) aged 50-74 years, 1576 (20.4%) aged 25-49
years, 1353 (17.5%) aged 75+ years, and 95 (1.2%) aged
0-24 years at the time of diagnosis. 4104 (53.1%) patients
and 3618 (46.9%) patients were male and female, respec-
tively. Upon diagnosis, 99.9% of patients pursued active
follow-up with 2 cases (<0.1%) considered autopsy/death
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Table | Baseline Demographical & Clinical Characteristics

Variable Value Frequency Percent p-value
Age (years) 0-24 95 1.2 p <0.00I
2549 1576 20.4
50-74 4698 60.8
75+ 1353 17.5
Sex Male 4104 53.1 p =0.146
Female 3618 46.9
Marital Status Married 4772 61.8 p = 0.002
Single 958 12.4
Widowed 818 10.6
Divorced 551 7.1
Other/Unknown 623 8.1
Race/ethnicity White 7462 96.6 p < 0.001
Non-white 260 34
Hispanic Origin Spanish-Hispanic-Latino 376 4.9 p = 0.008
Non-Spanish-Hispanic-Latino 7346 95.1
Laterality Recode Left 3842 49.8 p = 0393
Right 3811 49.4
Other/Unknown 69 0.9
Grade Well-differentiated; Grade | 60 0.8 p =042
Moderately differentiated; Grade I 7512 97.3
Poorly differentiated; Grade llI 94 1.2
Undifferentiated; anaplastic 34 04
Grade |V and B-cell; pre-B; B-precursor 22 0.3
ICD-10-Behavior 8720/3: Malignant melanoma, NOS 5610 72.6 p < 0.001
8770/3: Mixed epithelioid and spindle cell melanoma 780 10.1
8774/3: Spindle cell melanoma, type B 477 6.2
8772/3: Spindle cell melanoma, NOS 467 6
8771/3: Epithelioid cell melanoma 261 34
8730/3: Amelanotic melanoma 58 0.8
8773/3: Spindle cell melanoma, Type A 20 0.3
Other/Unknown 49 0.6
Diagnostic confirmation Positive histology 3993 51.7 p < 0.001
Radiography without microscopic confirmation 1423 18.4
Direct visualization without microscopic confirmation 1184 15.3
Positive exfoliative cytology, no positive histology 512 6.6
Clinical diagnosis only 481 6.2
Other/Unknown 129 1.7
Chemotherapy Yes 139 1.8 p < 0.001
No/Unknown 7583 98.2
Radiation recode Radioactive implants 2468 32
Beam Radiation 1325 17.2
Radioisotopes 671 8.7 p = 0.006
Other 205 2.7
None/Unknown 3053 395
(Continued)
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Table | (Continued).

Variable Value Frequency Percent p-value
Radiation sequence recode Radiation prior to surgery 7183 93 p = 0.002
Radiation after surgery 271 35
No radiation and/or cancer-directed surgery 215 2.8
Other 22 0.3
Type of follow-up expected Active follow-up 7711 99.9 p = 0.203
Autopsy/death certificate only cases 2 0
SF/Oakland only (originally inactive/now active) 9 0.1

Note: Statistical significance was achieved at p-value < 0.05.

certificate only cases. Chemotherapy was received by 139
patients (1.8%) with 7583 patients (98.2%) not receiving or
not known to have received chemotherapy. 2468 (32%) of
patients received radioactive implants, 1325 (17.2%) of
patients received beam radiation, and 671 (8.7%) of patients
received radioisotopes. Radiation sequences prior to surgery
were obtained by 7183 (93%) of patients with 271 (3.5%)
receiving post-surgery radiation and 215 (2.8%) of patients
receiving no radiation and/or cancer-directed surgery. ICD-
10 behavior recodes showcased 5610 (72.6%) cases with
malignant melanoma NOS, 780 (10.1%) cases with mixed
epithelioid and spindle cell melanoma, 477 (6.2%) cases
with spindle cell melanoma type B, 467 (6%) cases with
spindle cell melanoma NOS, 261 (3.4%) cases with epithe-
lioid cell melanoma, 58 (0.8%) cases with amelanotic mel-
anoma, and 20 (0.3%) cases with spindle cell melanoma
type A. 49 cases were grouped together into “Other” due
to the remarkably low prevalence and rarity, as mentioned in
the methods section. Diagnostic confirmation with positive
histology (N=3993, 51.7%), radiography without micro-
scopic confirmation (N=1423, 18.4%), direct visualization
without microscopic confirmation (N=1184, 15.3%), posi-
tive exfoliative cytology with no positive histology (N=512,
6.6%), and clinical diagnosis only (N=481, 6.2%) were seen.

Table 2 Univariable Cox Regression Results

Table 2 shows the univariable Cox regression model
results of aged groups for both cause-specific survival and
other-cause survival models. Univariable results for cause-
specific survival show that the hazard of cause-specific death
is 58.6% lower for choroidal cancer patients aged 25-49
years as compared to patients aged 75+ (HR = 0.414, CI
0.355-0.483, p < 0.001). The hazard of cause-specific death
is 29.9% lower for choroidal cancer patients aged 50-74
years as compared to patients aged 75+ (HR = 0.701, CI
0.622—0.789, p < 0.001). There is not a significant difference
in the hazard of cause-specific death between choroidal can-
cer patients aged 0—24 years as compared to patients aged 75
+ years (HR = 0.685, 0.469—-1.001, p = 0.051).

Univariable results for other cause survival show that
the hazard of other cause death is 79.0% lower for chor-
oidal cancer patients aged 50-74 years as compared to
patients aged 75+ years (HR = 0.210, CI 0.188-0.235,
p < 0.001). The hazard of other cause death is 97.1%
lower for choroidal cancer patients aged 2549 years as
compared to patients aged 75+ years (HR = 0.029, CI
0.023-0.038, p < 0.001). The hazard of other cause death
is 99.4% lower for choroidal cancer patients aged 0-24
years as compared to patients aged 75+ years (HR = 0.006,
CI 0.001-0.043, p < 0.001).

Age Other-Cause Survival Cause-Specific Survival

HR* (95% CI*) p-value* HR* (95% CI*) p-value*
75+ years Ref. Ref. Ref. Ref.
50-74 years 0.210 (0.188, 0.235) <0.001 0.701 (0.622, 0.789) < 0.001
2549 years 0.029 (0.023, 0.038) < 0.001 0.414 (0.355, 0.483) < 0.001
0-24 years 0.006 (0.001, 0.043) < 0.001 0.685 (0.469, 1.001) 0.051

Notes: *Hazards ratio, 95% confidence interval. *Statistical significance achieved at p < 0.05.

http:

1766

Dove!

Clinical Ophthalmology 2021:15


http://www.dovepress.com
http://www.dovepress.com

Dove Hussain et al

Univariable Cause-specific Survival Function (Kaplan-Meier Curves)
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Figure | Kaplan-Meier plot shows the differences in cumulative cause-specific survival over time for choroidal cancer patients between 25 and 49 years of age. (top, red
line) as compared to patients aged 75+ (bottom, orange line). The log-rank (Mantel-Cox) test showed that the cause-specific survival distributions for the different levels of
aged groups at diagnosis are significantly different (p < 0.001).
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Figure 2 Kaplan-Meier plot shows the differences in cumulative other-cause survival over time for choroidal cancer patients aged 2549 (red line) as compared to aged 75+
patients (bottom, orange line). The log-rank (Mantel-Cox) test showed that the other-cause survival distributions for the different levels of aged groups at diagnosis are
significantly different (p < 0.001).

After assessing the log-minus-log plots for the
unadjusted models, time-dependent covariate modeling
was utilized and determined to reveal no significance,
supporting the assumption of proportional hazards
(Figures 1 and 2).

Table 3 shows the multivariable Cox regression results
of age for both cause-specific survival and other-cause
survival models. Multivariable results for cause-specific
survival show that after adjusting for confounding vari-
ables, the hazard of cause-specific death for choroidal
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Table 3 Multivariable Cox Regression Results
Age Other-Cause Survival Cause-Specific Survival
HR* (95% CI*) p-value* HR* (95% CI*) p-value*
0-24 years Ref. Ref. Ref. Ref.
25-49 years 5.275 (0.730, 38.139) 0.099 0.694 (0.469, 1.027) 0.068
50-74 years 39.066 (5.459, 279.590) < 0.001 1.173 (0.799, 1.721) 0.415
75+ years 178.764 (24.908, 1282.957) < 0.001 1.718 (1.155, 2.555) 0.008

Notes: *Hazards ratio, 95% confidence interval. *Statistical significance achieved at p < 0.05.

cancer patients is significantly (71.8%) higher for patients
aged 75+ years compared to patients aged 024 years (HR
=1.718, CI 1.155-2.555, p < 0.008). The hazard of cause-
specific death for choroidal cancer patients is not signifi-
cantly lower (30.6%) for patients aged 25-49 years as
compared to patients aged 0-24 years (HR = 0.694, CI
0.469-1.027, p < 0.068). In addition, the hazard of cause-
specific death for choroidal cancer patients is not signifi-
cantly (17.3%) higher for patients aged 50-74 years than
patients aged 0-24 years (HR = 1.173, p < 0.415).
Multivariable results for other cause survival show that
after adjusting for confounding variables, the hazard of
other-cause death in choroidal cancer patients is not sig-
nificantly higher for patients aged 25-49 years as com-
pared to patients aged 0—24 years (HR = 5.275, p < 0.099).

There are significant increases in the hazard of other-cause
death between choroidal cancer patients aged 50-74 years
and aged 0-24 years (p < 0.001), as well as patients aged
75+ years and aged 024 years (p < 0.001), after adjusting
for confounding variables. These results confirm outcomes
from univariable analysis (Figures 3 and 4).

In adjusted cause-specific analysis, patients of Spanish-
Hispanic-Latino origin received 25.1% decreased hazards
compared to patients of Hispanic-Latino origin (HR =
0.749, p < 0.008) in patients between 0 and 24 years of
age. Patients between 0 and 24 years of age who do not
receive chemotherapy experience increased hazards com-
pared to those who receive chemotherapy (HR = 3.045,
p < 0.001). Diagnostic confirmation yielded greater
hazards with positive histology and positive exfoliative

Multivariable Cause-Specific Survival Function (Kaplan-Meier Curves)
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Figure 3 Kaplan-Meier plot shows the differences in cumulative cause-specific survival over time for the choroidal cancer patients aged 25-49 years (top, red line) as
compared to patients aged 75+ years (bottom, orange line), using Cox-model based estimates after adjusting for confounding variables.
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Multivariable Other Cause Survival Function (Kaplan-Meier Curves)
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Figure 4 Kaplan-Meier plot shows the differences in cumulative other-cause survival over time for choroidal cancer patients aged 024 years (top, blue line) as compared to
patients aged 75+ years (bottom, orange line), using Cox-model based estimates after adjusting for confounding variables.

cytology with no positive histology compared to patients
with clinical diagnosis only (HR =2.375, p <0.001; HR =
1.790, p = 0.001, respectively). For patients between 50
and 74 years of age with amelanotic melanoma and mixed
epithelioid and spindle cell melanoma, greater hazards was
experienced compared to patients with malignant mela-
noma NOS in the same age group (HR = 1.162, p =
0.029; HR = 1.580, p < 0.001). In contrast, patients
between 50 and 74 years of age diagnosed with epithelioid
cell melanoma, spindle cell melanoma NOS, and spindle
cell melanoma type A experienced decreased hazards
compared to patients with malignant melanoma NOS in
the same age group (HR = 0.469, p < 0.001; HR = 0.188,
p < 0.018; HR = 0.575, p < 0.001). In addition, patients
who were widowed at the time of diagnosis and between
the ages of 50 and 74 experienced 20.8% decreased
hazards compared to patients who were married within
the same age group (HR = 0.792, p = 0.018). In contrast,
patients who were divorced at the time of diagnosis and
between the ages of 50 and 74 experienced 22.3%
increased hazards compared to married patients within
the same age group (HR = 1.223, p = 0.009). Table 4
showcases additional information regarding the influence
of confounders in multivariable analysis.

Multivariable analysis demonstrated significant influ-
ences of ICD-0-3 Histology/behavior on cause-specific
survival diagnosed with choroidal malignancies in patients

diagnosed between the ages of 0 and 24. More specifically,
a 16.2% and 58.0% increase in cause-specific mortality
was showcased in patients diagnosed with 8770/3: mixed
epithelioid and spindle cell melanoma (HR = 1.16, p =
0.029) and 8771/3: epithelioid cell melanoma of the chor-
oid (HR = 1.580, p < 0.001) compared to individuals
diagnosed with 8720/3: malignant melanoma NOS of the
choroid.

Various histological subtypes of choroidal cancers
including 8772/3: Spindle cell melanoma NOS, 8773/3
Spindle cell melanoma type A, and 8774/3: Spindle cell
melanoma type B were highlighted to significantly decrease
cause-specific mortality by 53.1% (HR = 0.469, p < 0.001),
81.2% (HR = 0.188, p=10.018), and 42.5% (HR =0.575,p <
0.001) as compared to patients diagnosed with 8720/3:
malignant melanoma NOS of the choroid. Many ICD-O-3
histological subtypes did not fulfill the minimum criteria for
patient case number. Therefore, these subtypes were
grouped during analysis to act as a provision for enhanced
statistical clarity and discrimination.

Univariable analysis of the impact of radiation on
survival in patients with choroidal cancers revealed overall
significance with cause-specific modeling (p < 0.001) and
radioactive implants incurring hazards 30% lower com-
pared to patients receiving beam radiation (HR = 0.700,
p < 0.001). In addition, patients receiving radioisotopes
have no significant change in survival compared to
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Table 4 Multi-Variable Cox Regression Results (Continued)

Variable Name Value Exp 95.0% CI for Hazard p-value
(B) Ratios
Lower Upper
Race/Ethnicity White ref ref ref <0.001
Non-White 0.496 0.346 0.713 <0.001
Hispanic Origin Non-Spanish-Hispanic-Latino ref ref ref <0.001
Spanish-Hispanic-Latino 0.749 0.606 0.926 0.008
Chemotherapy Yes 0.328 0.252 0.427 <0.001
Laterality Left ref ref ref 0.393
Right 1.033 0.944 1.131 0.48
other 1.333 0.843 2.108 0.218
Grade Unknown ref ref ref 0.42
Undifferentiated; anaplastic; Grade IV and B-cell; pre-B; 1.343 0.668 2.7 0.407
B-precursor
Poorly differentiated; Grade Il 0.574 0.135 2.439 0.452
Moderately differentiated; Grade Il 1.217 0.484 3.065 0.676
Well differentiated; Grade | 1.642 0.749 3.602 0.216
Marital Status Married ref ref ref 0.002
Widowed 0.792 0.652 0.961 0.018
Divorced 1.223 1.051 1.423 0.009
Single 1.153 0.969 1.372 0.108
Other/Unknown 1.075 0.927 1.246 0.339
Diagnostic Clinical diagnosis only ref ref ref <0.001
Confirmation
Radiography without microscopic confirmation 1.41 0.885 2.246 0.148
Positive histology 0.882 0.656 1.187 0.408
Positive exfoliative cytology, no positive histology 2.375 1.804 3.125 <0.001
Direct visualization without microscopic confirmation 1.79 1.276 2511 0.001
led 10 behavior 8720/3: Malignant melanoma, NOS ref ref ref <0.001
8730/3: Amelanotic melanoma 0.509 0.228 1.137 0.1
8770/3: Mixed epithelioid and spindle cell melanoma 1.162 1.015 1.33 0.029
8771/3: Epithelioid cell melanoma 1.58 1.304 1.915 <0.001
8772/3: Spindle cell melanoma, NOS 0.469 0.375 0.586 <0.001
8773/3: Spindle cell melanoma, type A 0.188 0.047 0.753 0.018
8774/3: Spindle cell melanoma, type B 0.575 0.474 0.697 <0.001
Other 0.901 0.384 2.112 0.8l1
Sex Female ref ref ref 0.25
Male 0.933 0.849 1.025 0.146
Radiation Beam Radiation ref ref ref 0.006
None/Unknown 1.046 0.78 1.402 0.765
Radioactive implants 1.043 0.786 1.384 0.771
Radioisotopes 0.81 0.607 1.08 0.15
Other 0.952 0.693 1.308 0.76
(Continued)
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Table 4 (Continued).

Variable Name Value Exp 95.0% CI for Hazard p-value
(B) Ratios
Lower Upper

Radiation sequence Radiation prior to surgery ref ref ref 0.002
recode

Radiation after surgery 1.31 0.975 1.759 0.073

No radiation and/or cancer-directed surgery 0.846 0.669 1.069 0.161

Other 1.212 0.607 2.422 0.586
Type of follow-up 1=SF/Oakland only (originally inactive/now active) ref ref ref 0.251
expected

Active follow-up 0.564 0.234 1.362 0.203

patients receiving beam radiation (HR = 0.856, p = 0.892).
Figure 5 provides a visual of Kaplan—Meier curves for
survival by radiation treatment group.

Univariable analysis independently assessing che-
motherapy on survival in patients with choroidal cancers
showcased 62.8% decreased hazards compared to patients
who either did not receive chemotherapy or had an
unknown status (HR = 0.377, p < 0.001).

Discussion

Age

The association between advancing age and mortality in
patients diagnosed with ocular cancers is inherently

complex and multi-faceted.'* Progressive age allows addi-
tional time for increased propensities of metastatic spread,
direct extension into the ciliary body, tumor growth, and
all-cause mortality.'*'> In addition, a later age at diagnosis
likely indicates delayed therapeutic implementation.*
Chromosomal aberrations contribute to underlying genetic
predispositions to malignant behaviors and tend to mani-
fest at later ages when decreased efficacy of cellular repair
and genomic stability take greater precedence.'®!’

This study determined the correlation of advanced age
with treatment and intraocular spread; however, no strong
association was demonstrated between age at death and
relevant survival predictors.® Studies describing the

Univariable Cause-Specific Survival Function (Kaplan-Meier Curves)
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Figure 5 Kaplan-Meier plot shows the differences in cumulative univariable cause-specific survival over time for choroidal cancer patients treated with radioactive implants
(top, green line) as compared to patients treated with no or unknown treatments (bottom, red line) using Cox-model based estimates. The log-rank (Mantel-Cox) test
showed that the cause-specific survival distributions for the different radiation treatment groups are significantly different (p < 0.001).
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significance of mortality rates with age are few to none;
however, this study noted an increase in ophthalmic non-
Hodgkin lymphoma (NHL) rates with age as compared to
non-ophthalmic extranodal NHL, irrespective of race.'®
This 2014 publication in JAMA Ophthalmology explicitly
justified repeated survival studies in patients with choroi-
dal melanomas due to historically low sample sizes with
subsequent compromise of statistical validation.*

Our study either echoes similar findings or provides
expiation for limitations in a multitude of studies describ-
ing the influence of age on survival amongst the collectiv-
ity of known choroidal cancers with a relatively large
sample of 7722 patients. Relevant findings related to age
in this study include significantly increased hazard of
cause-specific and other cause mortality with advancing
age in adjusted and unadjusted models.

Therapy

In the setting of choroidal malignancies, therapeutic imple-

mentation can involve the use of external beam
radiotherapy, '’ brachytherapy,'” gamma knife
radiosurgery,”® proton beam radiotherapy,’’ plaque

radio‘[herapy,22 transpupillary thermotherapy,23 photody-
namic therapy,®* intravitreal anti-vascular endothelial
growth factor injection,” systemic chemotherapy,®
immunotherapy,*® and/or hormone therapy.?’ The strategic
employment of these modalities depends on various fac-
tors including histological subtype, laterality, number of
choroidal tumors, systemic status, and characterization of
metastatic propensity. Enucleation can be utilized for
patients with advanced disease, blindness, and/or orbital
pain.* A study highlights a lack of statistical influence on
cause-specific and overall survival between brachytherapy
and external beam radiotherapy in patients diagnosed with
choroidal melanomas.'® On the contrary, our univariable
analysis concerning the totality of choroidal cancers show-
cases significantly decreased cause-specific mortality (HR
= 0.700, p < 0.001) in patients receiving radioactive
implants as compared to patients receiving beam radiation,
as seen via Kaplan—Meier curves in Figure 5. Despite
these findings, beam radiotherapy allows for concentrated
irradiation, reduced scattering, and supporting evidence of
treatment efficacy via tumor regression of choroidal
metastases.>'2® Bilateral, multifocal choroidal metastases
with concurrent presentation of poor systemic status are
preferably managed with systemic chemotherapy, immu-
notherapy, and/or hormonal therapy.”” Tumor recession
was observed in 58.82% of patients with metastatic breast

cancer to the choroid via aromatase therapy.”’ Indeed, our
findings mirror these outcomes with chemotherapy signif-
icantly influencing survival via a hazard reduction of
62.3% (HR = 0.377, p < 0.001).

Histological Subtype

The authors believe this study provides insight into the
controversial nature of the influence of age on survival in
patients with uveal melanomas.”'* The SEER database
allows for significant stratification of choroidal cancers as
a class into the variety of histological subtypes.'® In parti-
cular, our study highlights differential influences of histo-
logical subtypes on survival specifically within the
constituencies of choroidal melanomas. For example,
while spindle cell melanoma type A significantly reduces
adjusted cause-specific hazards by 81.2% as compared to
patients with malignant melanoma, a diagnosis of epithe-
lioid cell melanoma increases hazards by 58% as com-
pared to patients with malignant melanoma in patients
diagnosed between 50 and 74 years of age. Based on
these results, it is clear that specific histological subtypes
within the class of choroidal melanomas can significantly
impact survival in opposing directions. Further research is
required to assess the totality of uveal (choroid, iris, and
ciliary body in tandem) melanomas in their survival by age
with stratification by histological subtypes.

Interestingly, pathognomonic features of balloon cell
melanoma of the choroid histology have been identified in
roughly 10% of malignant melanoma of the choroid and
ciliary bodies, indicating a significant overlap in histolo-
gical examination.”” Epidemiological analysis of uveal
melanomas shows that while the median age at diagnosis
for spindle cell tumors was significantly less than epithe-
lioid and mixed tumors, spindle cell tumors demonstrated
significantly greater cause-specific survival (p < 0.0001).%°
These findings parallel our results as spindle cell tumors
(NOS, type A, type B) significantly decrease adjusted
cause-specific hazards as compared to individuals diag-
nosed with malignant melanoma in patients between the
ages of 0 and 24 (HR = 0.469, p <0.001; HR = 0.188, p =
0.018; HR = 0.575, p < 0.001, respectively). Also, our
findings corroborate enhanced lethality of mixed epithe-
lioid and spindle cell melanoma (HR = 1.160, p = 0.029)
and epithelioid cell melanoma of the choroid (HR = 1.580,
p < 0.001).

While hemangiosarcoma of the choroid is partially
characterized in dogs and horses, case reports in humans
remain a largely uncharacterized territory.®' Due to the
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rarity of certain choroidal cancers such as choroidal non-
Hodgkin lymphoma (NHL)** 3¢ and choroidal diffuse
large B-cell lymphoma (DLBCL),*’ statistical evidence
with clear objectivity cannot be provided. When these
rare cancers with limited sample sizes were grouped
together in our analysis, the statistical significance of
influence on cause-specific mortality was not achieved
(HR = 0.933, p = 0.811). These results are also corrobo-
rated by an observation case series (N=59) of patients
diagnosed with choroidal lymphomas in lack of influence
of survival by age.’

The outcomes of this survival analysis are strength-
ened by a relatively large sample size (N = 7722) and
clear extraction of clinical trajectories with survival end-
points by virtue of the SEER Program. Conversely, stra-
tification of this cohort by age, grade, and receipt of
chemotherapy revealed substantial differences in sample
size. While these are inherent characteristics of the data-
base and disease process under question, differential sam-
ple sizes during analysis do not create optimal
circumstances for true statistical discrimination of survi-
val. Of note, nuanced limitations to the SEER database
involve sensitivity of treatment data. Patients who receive
cancer diagnosis within public hospital systems are
reported within the SEER database. However, if the
patient decides to seek the care of cancer with private-
care physicians, then treatment data remain listed as
unknown. For these reasons, while the specificity of treat-
ment data within the SEER software is appreciable, sen-
sitivity is not.

Conclusion

Age, treatment modality, and ICD-O-3 histology/behavior
significantly influence cause-specific and other cause mor-
tality in patients diagnosed with choroidal cancers. Unique
patterns of influence on survival are revealed when assessing
the collectivity of these malignancies irrespective of sub-
type. Clinicians should continue to implement real-time
standard risk management in patients diagnosed with chor-
oidal malignancies with age and strategic therapy in mind.
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