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Abstract 
Purpose: To validate the Liverpool Uveal Melanoma Prognosticator Online (LUMPO) in a cohort of patients treated at the University of California, San Francisco (UCSF).
Design: Retrospective chart review.
Methods: 390 patients treated between 2002 and 2007 for choroidal melanoma at UCSF and 1175 similar patients at the Liverpool Ocular Oncology Centre (LOOC) were included in the study. 178 patients at UCSF were excluded due to missing tumor dimensions. The data were analyzed using the model previously developed for LUMPO, combining clinical, histologic and genetic data and minimizing bias from missing data by extrapolating missing information as a function of the other predictors. Main outcome measures included all-cause mortality and melanoma-specific mortality as indicated by the C indices of discrimination and Hosmer-Lemeshow test.
Results: For all-cause mortality, the C-index of discrimination for UCSF patients at 10 years after treatment was 0.70 (SE = 0.046) and for LOOC patients was 0.78 (SE = 0.021), indicating good discrimination performance. The 10-year Hosmer-Lemeshow result for UCSF patients was 6.18 (p = 0.186) and for LOOC patients was 6.41 (p = 0.171), providing  little evidence against the null hypothesis of good agreement between observed and predicted survival. For melanoma-specific mortality, the C-index for UCSF was 0.63 (SE = 0.054) and for LOOC was 0.72 (SE = 0.028), indicating good discrimination ability. The Hosmer-Lemeshow for UCSF was 27.36 (p < 0.001) and for LOOC was 29.33 (P < 0.001) at 10 years indicating a statistically significant difference between observed and predicted survival.
Conclusions: External validation in patients treated at UCSF indicates that LUMPO estimated the all-cause survival well. There was a statistically significant difference in melanoma-specific survival.

Introduction
About 45% of patients with uveal melanoma will die from metastatic disease within a 15-year period post-diagnosis of their primary tumor.1 Uveal melanoma spreads hematogenously, with the most common site of metastasis being the liver. Metastases are rarely detectable at the time of primary ocular treatment and become evident months or years after apparent good health, hence the need for estimating if and when metastatic disease is likely to develop. Such prognostication, if sufficiently reliable, is reassuring for patients with minimal risk for metastasis.2,3 Although systemic screening for metastases does not have a clear survival benefit,4 identifying patients at high risk for metastasis is important not only for patient quality of life, but for clinical trial entry and any further treatments for metastatic disease that may become available in the future. 
	Many risk factors for metastasis are known. Anatomic predictors, which form the basis of the American Joint Committee on Cancer (AJCC) Tumor, Node Metastasis (TNM) Staging, include largest basal tumor diameter, tumor thickness, ciliary body involvement and extraocular extension.5-9 The TNM staging system is applicable to large groups of patients, but not to individual patients.10 Histologic predictors include epithelioid melanoma cytomorphology, high mitotic count and certain extravascular matrix patterns, particularly closed loops, and tumor microvascular density.11-15 Genetic predictors include partial or total chromosome 3 loss (‘monosomy 3’), chromosome 8q gain, lack of chromosome 6p gain, as well as ‘Class 2’ gene expression profile (GEP).16-18 In a 1996 study by Prescher et al, metastatic death occurred in 57% of patients with monosomy 3, and no patients with both copies of chromosome 3.19 Later studies confirmed that metastatic disease develops almost exclusively in patients whose tumor shows chromosome 3 loss.20, 21 Uveal melanomas also fall into two classes based on GEP, with a 92 month survival probability of 95% in class 1 verses 31% in class 2, and nearly all metastatic deaths occurring among class 2 patients.17 
Although genetic typing is highly accurate in determining which patients will develop metastatic disease, it does not predict when such disease is likely to develop. As shown by Damato et al in 2008, estimation of the likely survival time must be based on anatomic, histologic and genetic predictors.22 A problem with such multivariate analysis is bias caused by missing data. Bias also arises because of competing causes of death unrelated to the uveal melanoma.23 Because these are censored in Kaplan-Meier analysis, this tends to exaggerate the apparent metastatic mortality, especially in elderly patients, who are more likely to die of other causes.1,16,24
The Liverpool Uveal Melanoma Prognosticator Online (LUMPO) was developed to estimate survival probability after treatment of choroidal melanoma.10 It combines clinical, histologic and genetic data to enhance reliability of prognosis in individual patients and to estimate survival time as well as risk of metastasis. It minimizes bias from missing data by extrapolating missing information as a function of the other predictors. To avoid bias from competing risks, LUMPO estimates relative survival using all-cause mortality in patients with choroidal melanoma and compares it to mortality from that of the general British population matched for age and sex using census data. This prognostic tool was developed and validated in 2012 with data on 3653 British patients, with histologic data in 1778 patients and genetic data in 738. A total of 1235 patients had died, and the model was trained using all-cause mortality.10 
LUMPO consists of two models, one of which uses only anatomic data (the “clinical” model) and the other also including histologic and genetic data (the “laboratory” model). These models were validated internally at the Liverpool Ocular Oncology Centre (LOOC) by bootstrapping.10 However, to our knowledge, LUMPO has not previously been validated externally at another institution, and it is not known whether it is generalizable to patients treated elsewhere.  
The aim of our study was to validate LUMPO in a cohort of patients treated at the University of California, San Francisco (UCSF).  

Methods
A retrospective chart review was performed on all patients treated for choroidal melanoma at the University of California, San Francisco between 2002 and 2007.  Patients were excluded if they had bilateral choroidal melanoma, or if there was missing information regarding baseline tumor diameter and tumor thickness.  Patients were also excluded if they were known to have metastases at the time of diagnosis or if they did not receive treatment. 
Anatomic data collected included age, sex, ciliary body involvement (i.e. pars plicata and pars plana), extraocular spread, and ultrasonographic measurements of largest basal tumor diameter and thickness. Histologic information included the presence or absence of epithelioid cells, mitotic cell count (number of mitoses per 40 high powered fields), and presence or absence of closed extra-vascular matrix loops.  None of the patients in the UCSF dataset had genetic data available because tumor biopsy and prognostic genetic typing had not yet been adopted.
Survival data was gathered from the UCSF Cancer Registry, which includes all cancer patients diagnosed and/or treated at UCSF. Patient vital status was updated at least annually through readmissions to the hospital, contact with primary care physicians, Department of Motor Vehicles records, contact with the patient’s family, and information from the state registry.  The UCSF Cancer Registry is required to update survival status at least every 15 months in a minimum of 80% of patients.  
Data was obtained from the LOOC database using the same inclusion and exclusion criteria. LOOC notified the United Kingdom National Health Service Cancer Registry of all patients with ocular melanoma at their time of their initial diagnosis.  Survival information was then collected from the Cancer Registry, which automatically informed LOOC of the date and certified cause of death of all patients residing in mainland Britain (i.e., Scotland, England and Wales but not Northern Ireland). Genetic data was available at LOOC beginning in 1999 with fluorescence in situ hybridization (FISH) performed on all patients undergoing local resection or enucleation, and on all consented patients from 2007, using multiplex ligation-dependent probe amplification (MLPA) and/or microsatellite analysis (MSA).

Data Analysis
The LUMPO model has been described by Eleuteri et al.10 In brief, an accelerated failure time model was used,25 and missing data points were estimated using the alternating conditional expectations algorithm,26 which predicts each missing data point as a function of the other available pieces of information. If histologic or genetic data were available, the “laboratory” model was used.  If both histologic and genetic information were not available, LUMPO would default to the “clinical” model. 
Demographics and tumor characteristics of patients treated at LOOC were compared with those of UCSF by Fisher’s exact test and Wilcoxon rank sum test. Survival of patients at LOOC and UCSF were compared using Kaplan-Meier analysis and log rank test. The performance of the model was assessed in two ways: discrimination using the Harrell C-index27 and calibration using the Hosmer-Lemeshow test.28, 29
The Institutional Review Board of UCSF prospectively granted approval for this study (No: 13-11313), which followed the Tenets of the Declaration of Helsinki. 

Results
Comparison between UCSF and LOOC cohorts
A total of 573 patients were treated for choroidal melanoma at UCSF between 2002 and 2007. The study included 390 patients (68%) after excluding 178 patients because of missing tumor dimensions (31%) and 5 patients because of non-treatment or systemic metastases (0.8%). During the same time period, 1175 similar patients were treated at LOOC.  
Table 1 compares the baseline characteristics between the two patient groups. The sex ratio was the same in both populations, but those treated at UCSF tended to be younger. Compared to LOOC, tumors treated at UCSF were apparently thicker, but fewer were found to have extended into the extra-ocular tissues. The prevalence of ciliary body involvement was similar in the two groups. Compared to LOOC patients, those treated at UCSF were more likely to receive proton beam radiotherapy and less likely to undergo enucleation or other forms of treatment. At UCSF, epithelioid cells were identified in 65 out of 125 (52%) patients in whom melanoma cytomorphology was known, mostly as a result of fine needle aspiration biopsy. At LOOC, epithelioid cells were documented in 371 out of 581 (64%) tumors examined histologically, many of which had been treated by enucleation or resection (p < 0.05). The mitotic counts were similar in the two groups. Presence or absence of closed extra-vascular matrix loops was not included in the pathology reports during this time period at UCSF. The median follow-up times were 7.97 [Range: 0.11 – 12.75] years and 7.74 [Range: 0.05 – 12.9] years for patients treated at UCSF and LOOC, respectively with no statistically significant difference detected (Mann-Whitney test, p = 0.743).  Death occurred in 140/390 (35%) patients from UCSF and 409/1175 (34%) patients from LOOC. Kaplan-Meier analysis revealed that overall mortality was the same between the two groups (Log Rank test, p = 0.503, Figure 1). 

Validation of Prognostic Tool
All-cause mortality showed good agreement between predicted and observed survival in both groups of patients (Figure 2). The C-index of discrimination for UCSF patients was 0.70 (95% CI: 0.608 - 0.792, p < 0.001) and for LOOC patients was 0.78 ( 85% CI: 0.738 – 0.822, p < 0.001) indicating good discrimination performance.   The Hosmer-Lemeshow result for UCSF patients for all-cause mortality was 15.1 (p = 0.088) and for LOOC patients was 16.3 (p = 0.061). For the Hosmer-Lemeshow test, the null hypothesis is that there is no difference between observed and predicted mortality, so a ‘p’ value greater than 0.05 indicates that observed survival is not significantly different from predicted mortality. 
As mentioned, the melanoma-specific mortality, or relative survival, was obtained by dividing patient survival by control survival (Figure 3). The C-index and for UCSF was 0.63 (SE 0.054, p < 0.001) and for LOOC was 0.72 (SE 0.028, p < 0.001), indicating good discrimination ability of the model.  The Hosmer-Lemeshow result for UCSF was 69.6 (p < 0.001) and for LOOC was 76.3 (p < 0.001), indicating statistically significant differences between predicted and observed survival in both groups of patients (Figure 3).   

Discussion
Main Findings
In this study, we externally validated the Liverpool Uveal Melanoma Prognosticator Online as a tool for predicting survival in patients with choroidal melanoma treated at UCSF. We found that predicted all-cause mortality correlated well with predictions in all categories of risk. Predictions of metastasis-related mortality were statistically different from observed outcomes. 

Discussion of Findings
There are several reasons why metastatic mortality was predicted less accurately than all-cause mortality. First, LUMPO was trained on all-cause mortality, not metastatic mortality. Second, fewer patients died of metastasis than of unrelated disease so that estimation of the metastatic mortality may have been unduly influenced by a relatively small number of outliers. Third, outliers may have had a disproportionately large influence on the comparison of predicted versus observed mortality using the Hosmer-Lemeshow test, which divided the patients into 7 categories, thereby exaggerating the effect of outliers. 

The question arises as to whether the statistical significance between predicted and observed mortality was clinically significant. Figure 3 shows that, except for the patients in one high-risk category, there was reasonable correlation between predicted and observed mortality. In other words, we feel that the statistical significance was not clinically significant.  


Discussion of Methods
We excluded patients whose tumor did not involve choroid because these are rare, so that they were also excluded from the LUMPO models. The five-year time period of 2002 to 2007 was selected to provide sufficient patient numbers, follow-up times and deaths for statistical analysis. Patients with missing data on tumor dimensions were excluded because it would not have been possible to determine whether inaccurate survival estimates were the result of incomplete data or failures of LUMPO, so that validation of this predictive model may have been compromised. Patients who did not receive treatment were excluded, as prognostication begins at the time of treatment, and tumor characteristics such as dimensions and cell type are not arrested in these patients but may continue to change. The performance of the model was assessed using Harrell C-index of discrimination and Hosmer-Lemeshow test for calibration as is standard practice.27, 28

There were major differences between the UCSF and LOOC cohorts of patients. UCSF patients may have been younger because the older patients were less likely to be referred to UCSF than to LOOC, possibly because distances between home and hospital were greater in the United States than the United Kingdom. We believe that tumor measurements were different at UCSF compared to LOOC probably because of differences in ultrasound technique, as survival times were similar in both groups of patients. If the tumors had genuinely been larger at UCSF, survival would have been shorter because of lead-time bias. Similarly, it is likely that the apparent prevalence of extraocular tumor spread was greater at LOOC because more eyes were enucleated so that microscopic extraocular spread was detected more easily. If extraocular spread had indeed been more common in LOOC patients, survival would have been worse in this group. Because of the rarity of extraocular extension, this discrepancy between the two centers is unlikely to have influenced the results. The prevalence of ciliary body involvement was the same in both groups of patients, because the ciliary body was defined in the same way (i.e. including pars plana) in both groups of patients. Predicted survival may therefore be different in centers where pars plana is not considered to be a part of the ciliary body. At UCSF, patients were treated almost exclusively by proton beam radiotherapy, whereas at LOOC patients were more likely to be treated by a variety of other methods, such as plaque radiotherapy, surgical resection and enucleation. It is beyond the scope of this study to explain the reasons for such differences, but Damato and Heimann have explained their treatment selection process elsewhere.30 It has been shown that treatment type has little effect on survival in these patients.31, 32 The number of tumors with epithelioid cells also differed between the two groups, perhaps due to differences in data acquisition, with specimens mostly obtained by fine needle aspiration biopsy at UCSF and by enucleation at LOOC. 
LUMPO is currently being upgraded, with longer follow-up data from a larger number of patients. LUMPO used the Hakulinen method of estimating metastatic mortality. This was to avoid bias caused by competing causes of death, which in Kaplan-Meier analysis tend to exaggerate the apparent metastatic mortality. Furthermore, it is known that the certified cause of death can often be incorrect.24 Nevertheless, despite this problem, an investigation is currently under way to determine whether the model can be improved by using reported metastatic mortality instead of inferred metastatic mortality (i.e., instead of computing the metastatic mortality by subtracting the all-cause mortality of the general population from that of the uveal melanoma patients). 

Weaknesses
The main weakness of our study is that many patients treated at UCSF were excluded from the study because of incomplete data. The UCSF data was collected retrospectively, unlike the LOOC data, which was collected prospectively. During the years analyzed at UCSF, all records of tumor dimensions were kept in paper charts, and a large number of these charts could not be located in storage. The missing data may have impaired the analysis, if only by reducing the number of UCSF patients included in the study. Another weakness is that mortality data was obtained by different methods in the two centers, and this may have skewed the results. Further, it was assumed that longevity in the general populations in the United States and United Kingdom are the same without confirming this statistically.  However, reports indicate that life expectancy at birth is similar between the United States and United Kingdom, reported in 2014 at 80.42 years and 79.56 years, respectively,33 and from 1950 to 1955 as 68.58 years and 69.28 years, respectively.34 An unavoidable weakness is that assessment of melanoma cytomorphology is somewhat subjective so that inter-observer repeatability can be low, even within the same center.  Finally, a severe limitation is the lack of genetic tumor data from UCSF. Such data greatly enhances survival prognostication, because metastatic disease occurs almost exclusively in patients whose tumor shows chromosome 3 loss (with or without polysome 8q) and/or a class 2 GEP, with these aberrations being highly lethal.17,19 Most of the genetic data used by the present version of LUMPO was obtained by FISH, which has been superseded by more sensitive methods, such as MLPA. Future versions of LUMPO should improve as data from more sensitive genetic tests predominate. 

Comparison with Other Studies
To our knowledge, LUMPO has not previously been validated externally. The AJCC TNM Staging System is increasingly used for estimating survival after treatment for choroidal melanoma; however, it uses only anatomic data without taking account of histologic grade of malignancy, genetic tumor type, and life expectancy according to age and sex.7, 35 As for other multivariate analyses of survival, Walter et al (IOVS 2015; ARVO E-abstract 4334) and Correa and Augsburger (IOVS 2015; ARVO E-abstract 5331) recently reported survival after GEP molecular classification, reporting that basal tumor diameter enhances estimation of survival probability. However, these analyses do not seem to have accounted for competing risks, so that the estimates of melanoma-specific mortality are likely to be less accurate than if such bias had been addressed, as has been done with LUMPO. Further, internal validation with bootstrapping or using a different dataset was not performed. For these reasons, these studies should not be used for prognostication as yet. They confirm the need for multivariate analysis when estimating prognosis.22 These findings are important because it had previously been asserted that that GEP alone is sufficient to estimate survival after treatment of choroidal melanoma.36 They lend support to the LUMPO approach, using multiple predictors while taking measures to minimize bias caused by missing data.

Clinical Implications
The most important clinical implication of this study is that LUMPO can be used at UCSF, and therefore at other centers using similar methods in patients with recorded tumor dimensions that are reasonably similar to the British population with regard to life expectancy and mortality. Unlike genetic analysis alone, which determines only whether or not a choroidal melanoma is life threatening, LUMPO also gives an approximate indication of when metastatic death is likely to occur should the tumor prove to be fatal.10 This is important particularly in elderly patients, many of whom die of other causes before metastatic disease has had time to develop. Data provided by LUMPO should not only inform clinical care but may also enhance the selection of patients for any randomized trials evaluating systemic adjuvant therapy. 

Further Studies/Conclusion
Efforts are in progress to improve LUMPO, using a larger dataset and more sensitive methods of genetic analysis. There is scope for further external validations at different centers to confirm that LUMPO can indeed be used widely. This indicates a need for more standardization in the way tumor size, extent, and grade of malignancy are measured and reported. 
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Legends
Figure 1: Survival.
Kaplan-Meier analysis showed no difference in all-cause mortality between UCSF and LOOC patients (Log rank test, p = 0.503). We included patients in the study only if the follow up exceeded 6 years, and as such censor marks begin at 6 years.

Figure 2: All-cause mortality.  
All-cause mortality shows good agreement between predicted and observed survival.

Figure 3: Melanoma-specific mortality.
For melanoma-specific mortality, there was a statistically significant difference between observed and predicted survival. However, assessment of the calibration graph shows that most of the points lie close to the line of equality.
