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Abstract

BACKGROUND—There are limited data on outcomes in transplant recipients with a history of 

pretransplant melanoma.

OBJECTIVE—To determine whether pretransplant melanoma is associated with differences in 

survival or posttransplant melanoma risk.

MATERIALS AND METHODS—We evaluated the outcomes of 185,039 US transplant 

recipients from the Transplant Cancer Match Study. We also evaluated the impact of 

transplantation on 141,441 patients with melanoma identified in cancer registries.

RESULTS—There were 336 transplant recipients (0.18%) with pretransplant melanoma; they had 

increased risk of melanoma-specific mortality (hazard ratio [HR], 27; 95% confidence interval 

[CI], 11–64, p < .0001), overall mortality (HR, 1.3; 95% CI, 1.0–1.5, p = .02), and incident 

melanoma (HR, 5.4; 95% CI, 2.9–9.8, p < .0001) after transplant, compared with recipients 

without pretransplant melanoma. The 10-year absolute risk difference was 2.97% for melanoma-

specific mortality, 3.68% for incident melanoma, and 14.32% for overall mortality. Among the 

141,441 patients with melanoma in the general population, 68 (0.05%) subsequently received a 

transplant. Transplantation increased melanoma-specific mortality, but not significantly (HR, 1.7; 

95% CI, 0.61–4.5, p = .32).
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CONCLUSION—Pretransplant melanoma is associated with increased melanoma-specific 

mortality, overall mortality, and incident melanoma after transplant. Nonetheless, the rarity of 

melanoma-related events supports the current practice for listing transplant candidates with a 

history of melanoma.

In 2014, more than 29,000 solid organ transplantations were performed in the United States; 

meanwhile, more than 134,000 candidates were waiting to receive a transplant (Organ 

Procurement and Transplantation Network data, March 13,2015). Solid organ transplant 

recipients are at increased risk for all forms of skin cancer because of the 

immunosuppressive medications required to protect the graft.1 The effect of transplantation 

is stronger for keratinocyte carcinomas (formerly referred to as nonmelanoma skin cancers) 

(relative risks of 65-fold for squamous cell carcinoma, and 10-fold for basal cell carcinoma) 

than for melanoma (relative risk of 2- to 3-fold).1,2 However, melanoma has higher mortality 

compared with keratinocyte carcinomas with melanoma accounting for approximately 75% 

of skin cancer deaths in the general population.3 Current research has focused on the risk of 

primary melanoma in the transplant population, and little is known about the outcomes of 

transplant recipients with a history of pretransplant melanoma, which is problematic in 

establishing guidelines for how transplant committees should consider these patients as 

potential candidates.

At present, there are no formal consensus guidelines for transplant committees or transplant 

dermatologists to follow with regard to the consideration of transplant candidates who have 

a history of melanoma. In the absence of guidelines, many clinicians refer to a 2005 paper 

by Otley and colleagues4 which presents recommendations for organ transplantation in 

candidates with a history of melanoma. Their recommendation is that patients with 

melanoma in situ are considered immediate candidates due to the theoretical disease-specific 

survival of 100%, whereas patients with invasive melanoma should rarely be considered for 

transplant without a disease-free period ranging from 3 to 10 years, depending on the stage 

of the tumor at diagnosis and other prognostic information also assessed for patients with 

melanoma in the general population. Although a waiting period may be feasible for patients 

with renal failure on dialysis, patients with an urgent need for liver, heart, or lung 

transplantation may not be able to survive a waiting period and may thus be excluded from 

transplantation on the basis of their melanoma diagnosis. Transplant boards make individual 

considerations to weigh the prognosis from melanoma against the prognosis of the patient 

without transplant.

The 2005 recommendations by Otley and colleagues4 were based on a review of the 

literature. This was an update from a 1996 recommendation for a 5-year wait time between 

melanoma diagnosis and transplant, based on data from the Cincinnati Transplant Tumor 

Registry. This was a small series of 31 patients with pretransplant melanoma and 

demonstrated a 19% recurrence rate after transplantation.5 Of the 6 patients who recurred, 3 

had been treated for their melanoma within 2 years of transplant, 2 were treated 2 to 5 years 

before transplant, and 1 was treated 10 years before transplant.5 More recent literature 

suggests improved outcomes: in a Mayo Clinic retrospective review of 59 patients with 61 

pretransplant melanomas, there were no local recurrences and only 2 patients with 

metastases after a median follow-up time of 10.5 years after transplantation.6 A case series 
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of 9 pretransplant patients with melanoma with a mean follow-up of 5 years from the Skin 

Care in Organ Transplant Patients in Europe (SCOPE) network also demonstrated no 

recurrences.7 Another review describes minimal risk of recurrence in patients with thin 

melanomas (Breslow depth ≤2 mm) but does advise caution in interpreting results from 

other articles as often there is an overrepresentation of thin melanomas and a long interval 

between time of melanoma diagnosis and transplant.8

Not only are transplant patients at risk of having their pretransplant melanoma recur in a 

local, regional, or distant fashion, they are also at increased risk for a second primary 

incident melanoma posttransplant. Based on data from the National Cancer Institute’s 

Surveillance, Epidemiology, and End Results (SEER) Program, it is estimated that at 5 years 

less than 2% of melanoma survivors in the general population will develop a second 

melanoma.9 However, this risk of developing melanoma is 8.8-fold higher than observed in 

the general population with no history of melanoma.9 The risk of secondary melanoma may 

be higher in immunosuppressed organ transplant recipients, but no study has assessed this 

population.

Our study has 2 central aims. For the first aim, we examined transplant recipients to 

determine whether a history of pretransplant melanoma is associated with differences in 

survival or risk of developing a posttransplant melanoma. This information will assist in 

assessing transplant candidates with a history of melanoma and will contribute information 

to the development of consensus guidelines. For the second aim, we examined the 

melanoma-specific mortality of patients with melanoma who did and did not undergo 

transplantation. This assesses the impact that transplantation has on patients with melanoma 

following their diagnosis.

Materials and Methods

The Transplant Cancer Match (TCM) Study links the US Scientific Registry of Transplant 

Recipients (SRTR) with 15 state and regional cancer registries. The SRTR includes 

information on all US solid organ transplant recipients since 1987. Cancer data are available 

for all the recipients living in the geographic areas covered by the included cancer registries 

during years when the cancer registries collected data. The TCM Study thus includes cancer 

data on 47% of US transplants during 1987 to 2010.

Data on the cohort of transplant recipients were drawn from the SRTR database, including 

sex, age at transplant, race/ethnicity, transplanted organ, dates of transplant and of death, and 

cause of death. Race/ethnicity was dichotomized into non-Hispanic white versus other. 

Transplanted organ was dichotomized into abdominal (i.e., pancreas, kidney, liver) and 

thoracic organs (i.e., heart, lung) as a proxy for transplantation requiring relatively low 

versus high levels of immunosuppression.

Linked data from the cancer registries in the TCM Study were used to identify pretransplant 

melanomas and to capture incident melanoma after transplant. Characterization of these 

melanomas, based on information provided in the cancer registries, included behavior (in 

situ vs invasive) and SEER summary stage, which is defined as: in situ melanoma, localized 
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melanoma, regional metastasis, distant metastasis, and unknown.10 Because most cases with 

invasive behavior were localized stage, and more than 10% of the subjects had unknown 

stage, we used the melanoma behavior variable (in situ vs invasive) rather than the stage 

variable in the Cox regression models (see Statistical Analysis for Aim 2, below). For 

pretransplant melanomas, the time from melanoma diagnosis to organ transplantation was 

dichotomized into less than 5 years and 5 or more years.

Cause of death was compiled from SRTR and cancer registry variables. Cause of death 

variables were screened using both numerical codes and text entries to identify melanoma-

specific deaths. To address possible under-reporting of melanoma-specific death in the 

SRTR data set, we performed a search to identify additional skin cancer deaths, which we 

included in a sensitivity analysis.

Descriptive comparisons were performed with the Fisher exact test or Wilcoxon rank-sum 

test.

Aim 1

Impact of pretransplant melanoma on posttransplant survival and incidence of additional 

primary melanomas.

Subjects

For analyses of the impact of pretransplant melanoma on posttransplant survival and 

incidence of additional primary melanomas, subjects were drawn from the entire TCM 

cohort. Analysis was restricted to first transplant recipients (N = 224,153). We required 

cancer registry data to be available for 1 year before a subject’s date of transplant to 

ascertain any previous melanoma, which resulted in exclusion of 9,074 subjects. Another 

15,020 subjects were excluded because they had no posttransplant follow-up. Finally 15,020 

children less than 18 years were excluded, as they represent a clinically distinct population, 

and none had a pretransplant melanoma documented. The remaining 185,039 adult 

transplant recipients were included in our cohort (Figure 1A). We included all recipients 

with pretransplant melanomas, including those with in situ and metastatic disease.

Statistical Analysis

We used Cox regression models to analyze risk for all-cause mortality, melanoma-specific 

mortality, and incident posttransplant melanoma among recipients of a first transplant. We 

followed subjects from their first transplant until the earliest of death, loss to follow-up by 

SRTR, or end of cancer registry coverage. The primary predictor in the models was 

pretransplant melanoma, and the models were adjusted for sex, age at transplant, race/

ethnicity, year of transplant, and organ transplanted. For the melanoma outcome analyses, 

we ended the follow-up at melanoma diagnosis. The proportional hazards assumption was 

tested and confirmed with the Schoenfeld test.

Competing risks regression methods were used for the outcome of melanoma-specific death 

and incident melanoma, taking other deaths as a competing risk. Cumulative incidence 

measures were derived from the hazard function, standardizing estimates for recipients with 
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or without a pretransplant melanoma so that they were representative of the population with 

pretransplant melanoma.11 We also display a Kaplan–Meier plot to graphically depict the 

unadjusted all-cause mortality in recipients with and without a pretransplant melanoma.

Sensitivity analyses were performed for the melanoma outcome analyses in which subjects 

with regional, distant, or unknown stage of melanoma were excluded. As melanoma deaths 

may be misclassified as deaths from other types of skin cancer, we also performed a 

sensitivity analysis in which associations were estimated with death from any skin cancer.

Aim 2

Impact of organ transplantation on melanoma-specific mortality in patients with a history of 

melanoma before transplant.

Subjects

For analysis of the impact of organ transplantation on melanoma-specific mortality in 

patients with a history of melanoma before transplant, we selected patients with melanoma 

from 6 cancer registries in the TCM Study that provided data on postcancer mortality 

(Colorado, Connecticut, Iowa, Michigan, New Jersey, Texas). We required that these general 

population patients with melanoma had not previously had an organ transplant, although 

some of these patients later received a transplant. Starting with 205,874 melanoma cases 

diagnosed in or after 1987, we excluded 1,010 cases among children less than 18 years of 

age. Restricting to first melanoma cases left 143,112 patients with melanoma diagnosed in 

1987 to 2010. Of these, we excluded 1,668 who were diagnosed at the time of death. This 

resulted in 141,441 subjects included in this analysis (Figure 1B).

Statistical Analysis

We used Cox regression to model the outcome of melanoma-specific mortality. We followed 

patients from their first melanoma diagnosis until death or end of cancer registry outcome 

ascertainment. The primary predictor was organ transplantation, which we treated as a time-

dependent covariate. The model was adjusted for sex, age at melanoma diagnosis, non-

Hispanic white versus other race/ethnicity, and melanoma behavior (in situ vs invasive).

Results

Aim 1

Impact of pretransplant melanoma on posttransplant survival and incidence of additional 

primary melanomas.

We identified 185,039 solid organ transplant recipients older than 18 years from the TCM 

Study (Table 1). Men and non-Hispanic whites accounted for 62% and 61%, respectively, of 

the population. The mean age at transplant for the entire cohort was 49 years (range, 18–89 

years).

A total of 336 subjects (0.18%) had a pretransplant melanoma diagnosis (Table 2). Of these, 

323 had only 1 pretransplant melanoma, whereas 12 had a second pretransplant melanoma 
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and 1 had a third pretransplant melanoma. We did not consider the second and third 

melanomas further in our analysis, and recipients were categorized according to the 

characteristics of their first pretransplant melanoma. There were 112 (33.3%) in situ and 224 

(66.7%) invasive pretransplant melanomas. SEER summary stage information was available 

for 296 of the 336 melanomas. Of these, 5 patients had regional metastases and 2 had distant 

metastases. There was a correlation between invasive melanoma and a longer time between 

melanoma diagnosis and transplant, with a median time of 5.2 years for invasive melanoma 

(interquartile range [IQR], 2.7–9.5) compared with 3.8 years for in situ melanoma (IQR, 

1.7–6.4).

A total of 58,015 subjects (31.4%) died during follow-up (Table 3). Of these, 85 (0.05%) 

died from melanoma, and 143 (0.08%) died from any type of skin cancer. A total of 798 

patients (0.43%) developed an incident melanoma posttransplant.

As shown in Table 3, transplant recipients with pretransplant melanoma had a 27-fold 

increased risk of death due to melanoma (adjusted hazard ratio [HR], 27; 95% confidence 

interval [CI], 11–64; p < .0001). Of note, 2 of the 6 subjects with pretransplant melanoma 

who died due to melanoma had developed another posttransplant incident melanoma. 

Transplant recipients with pretransplant melanoma had a 30% increase in overall mortality 

(adjusted HR, 1.3; 95% CI, 1.0–1.5; p = .02) (Figure 2) and had a 5.4-fold increased risk of 

incident melanoma after transplant (adjusted HR, 5.4; 95% CI, 2.9–9.8; p < .0001). A 

sensitivity analysis in which recipients with regional, distant, or unknown stage melanoma 

before transplant were excluded showed that strong associations with localized melanoma 

were still present for overall mortality (adjusted HR, 1.2; 95% CI, 1.0–1.5, p = .05), 

melanoma-specific mortality (adjusted HR, 11; 95% CI, 2.6–46; p = .001), and incident 

melanoma after transplant (adjusted HR, 6.2; 95% CI, 3.3–12; p < .001).

To address potential underreporting of melanoma deaths, we performed a sensitivity analysis 

using any skin cancer death as an outcome. Fifty-eight additional deaths were captured with 

this method, including 1 in a patient with pretransplant melanoma. The association between 

pretransplant melanoma and skin cancer death (HR, 19.5; 95% CI, 8.78–43.1; p < .0001) 

was similar to our result for melanoma-specific death.

Despite these elevated relative risks, melanoma-related events were rare after transplantation 

(Table 4). The 5 and 10-year cumulative incidence of melanoma-specific death was 1.22% 

and 3.09% in subjects with pretransplant melanoma compared with 0.05% and 0.12% in 

subjects without pretransplant melanoma, an absolute risk difference of 1.17% and 2.97%. 

Similarly, the 5- and 10-year cumulative incidence of incident posttransplant primary 

melanoma was 2.51% and 4.54% in subjects with pretransplant melanoma compared with 

0.47% and 0.86% in subjects without pretransplant melanoma, an absolute risk difference of 

2.04% and 3.68%.

In contrast, the 5 and 10-year cumulative all-cause mortality was 34.32% and 70.90% in 

subjects with pretransplant melanoma, compared with 27.38% and 56.58% in subjects 

without pretransplant melanoma, an absolute risk difference of 6.94% and 14.32%.
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Aim 2

Impact of organ transplantation on melanoma-specific mortality in patients with a history of 

melanoma before transplant.

To investigate the impact of organ transplantation on melanoma-specific death after a 

diagnosis of melanoma, we identified 141,441 adults older than 18 years with an invasive 

melanoma after 1987 from the TCM Study (Table 5). Of these, 68 subjects (0.05%) received 

an organ transplant during the follow-up period.

A total of 15,504 subjects (11.0%) died of melanoma during the follow-up period. Organ 

transplantation was associated with a 1.7-fold increased risk of melanoma death, but this 

effect did not achieve statistical significance (adjusted HR, 1.7; 95% CI, 0.6–4.5; p = .32) 

(Table 5).

Discussion

This study aimed to investigate outcomes of transplant recipients with a history of 

pretransplant melanoma. Our data demonstrate that these individuals have increased all-

cause mortality, melanoma-specific mortality, and incidence of new melanoma diagnoses 

after transplantation.

The strongest effect size observed was the 27-fold increase in melanoma-specific death in 

transplant recipients with a history of pretransplant melanoma. This might initially sound 

alarming to transplant listing committees, but it is important to take the absolute risk into 

consideration to provide clinical relevance. Because melanoma death after transplantation is 

rare, this large relative risk translates to a very small absolute difference in melanoma-

specific mortality between those with and without pretransplant melanoma, that is, 1.17% 

and 2.97% at 5 and 10 years, respectively. As these tumors were staged using SEER 

methods, we were limited by the inability to risk stratify localized tumors by the features 

dermatologists use for risk stratification, such as American Joint Committee on Cancer 

(AJCC) T stage.

It is logical to expect increased melanoma-specific mortality in a population with 

pretransplant melanoma compared with the overall transplant population, as the control 

cohort would only be at risk for this outcome after developing a posttransplant incident 

melanoma. Therefore, we also investigated the impact of organ transplantation on 

melanoma-specific death among patients with melanoma (Aim 2). We did this to determine 

if transplant affects risk of poor outcome, which would point to immunity as an important 

factor in controlling any subclinically remaining tumor. The relationship of immunity and 

melanoma is of great interest, particularly given the new immunotherapies for melanoma 

including anti-CTLA4, anti-PD1, and anti-PDL1 antibodies.12 Transplantation increased the 

risk of death from melanoma, although this finding did not achieve statistical significance in 

the small sample size (adjusted HR, 1.7; 95% CI, 0.61–4.5, p = .32).

New melanomas are also rare events after transplantation, so that the 5.4-fold increased risk 

in patients with pretransplant melanoma translates to only a 2.04% and 3.68% absolute risk 

Arron et al. Page 7

Dermatol Surg. Author manuscript; available in PMC 2018 November 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



difference at 5 and 10 years. Given the increased risk of an incident melanoma, it is 

important to establish recommendations for appropriate monitoring and patient follow-up. 

Several of the risk factors for multiple primary melanomas are also associated with increased 

risk of keratinocyte carcinomas, which are also commonly seen in the transplant population. 

This highlights the need for close follow-up monitoring and the involvement of a transplant 

dermatologist in the care of transplant patients. Indeed, 2 of the 6 melanoma deaths 

associated with a pretransplant melanoma were in people who developed an incident 

melanoma following transplant, and if those melanomas could have been prevented or 

detected earlier, then the deaths might have been prevented. Current practice guidelines for 

following immunocompetent patients after a melanoma diagnosis recommend evaluation by 

a dermatologist every 3 months during the first 3 years, and every 6 to 12 months thereafter.
13 These guidelines should be applied to transplant recipients with a history of melanoma.

All-cause mortality was also significantly increased in subjects with pretransplant melanoma 

(adjusted HR, 1.3). As death is not a rare event after transplantation, this small increase in 

risk translates to a 6.94% and 14.32% absolute risk difference at 5 and 10 years, 

respectively. We propose 3 possible explanations for this elevated mortality.

First, it is possible that we underestimated melanoma-specific deaths, and that the increase 

in all-cause mortality is entirely attributed to such deaths. SRTR data rely on transplant 

center reporting of cause of death, and this information may be missing or inaccurate. To 

address this possibility, we performed a sensitivity analysis with an outcome of death from 

any skin cancer, and the result was similar to our main analysis. Furthermore, the additional 

skin cancer deaths that we identified were still too few to account for the increased overall 

mortality in recipients with a pretransplant melanoma.

Second, subjects with pretransplant melanoma may die from other cancers. Melanoma is 

genetically linked to breast, ovarian, and pancreatic cancers.14 However, population-based 

evaluation of patients with melanoma has revealed only modest increased risk of developing 

a few malignancies (e.g., breast, prostate, and thyroid cancers, and non-Hodgkin 

lymphoma),9 arguing that the excess overall mortality seen in the transplant population is 

probably not due to the occurrence of nonmelanoma cancers.

Third, it may be that subjects with pretransplant melanoma were transplanted despite their 

history of melanoma due to greater urgency in their underlying end-stage organ disease, 

which might then translate into higher posttransplant mortality. Unfortunately, the acuity for 

transplant is not measurable with the current data. The increased risk for all-cause mortality 

in subjects with pretransplant melanoma deserves further study, ideally in a cohort with 

detailed data on comorbidities and other transplant-related factors that may be confounding 

our results.

This study is the largest investigation of pretransplant melanoma to date and is based on 

population-based data from transplant and cancer registries. Nonetheless, these findings are 

limited by the small number of subjects with pretransplant melanoma and the number of 

outcomes in this group. We note that there was a trend toward increased melanoma-specific 
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and all-cause mortality in subjects with a history of invasive versus in situ melanoma, but 

because of the small numbers, the results were too imprecise to be reliable (data not shown).

A second limitation of the available data is that most cases recorded by the cancer registries 

did not have information on AJCC tumor stage or Breslow depth. For example, of the 177 

pretransplant melanomas that were localized by SEER staging in the TCM database, 123 

(69.5%) had missing Breslow depth, 51 (28.8%) were thin (<2 mm) Breslow depth, and only 

3 (1.7%) were thick (≥2 mm). Thus, we were unable to include these variables in our 

analysis. Future studies may incorporate these and additional tumor characteristics such as 

ulceration and mitotic index.

Another limitation is that there are no specific markers for level of immunosuppression. To 

partially address this limitation, we adjusted analyses for transplanted organ, as thoracic 

recipients require higher levels of immunosuppression than abdominal recipients. 

Furthermore, preferred immunosuppressant medications have changed over time. We 

accounted for this era effect by adjusting for the year of transplantation as a proxy for 

practice pattern changes in immunosuppression.

The issue of transplant candidacy and organ allocation depends on multiple factors. A 

history of cancer in a transplant candidate raises the concern for poor patient outcomes and 

reduced graft survival in settings of limited organ availability for allocation. Our data reflect 

the current transplant practices in the absence of formal consensus guidelines. We observed 

that patients with invasive melanoma were transplanted at a median time of 5.2 years after 

diagnosis, whereas patients with melanoma in situ were transplanted at a median time of 3.8 

years. These “real-world” data reflect the Otley and colleagues4 recommendation for 

immediate consultation with a transplant dermatologist for patients with localized melanoma 

and a waiting period of 3 to 10 years before transplantation for candidates with localized 

melanoma in whom the transplant is initially denied, with a longer wait time with increased 

stage. We do not know whether the waiting periods we observed were imposed by the 

transplant center or merely reflect the time elapsed between melanoma diagnosis and the 

organ failure leading to transplantation.

Although precise tumor-stratified quantification of the increased risks for overall mortality, 

melanoma-specific mortality, and incident melanoma was not possible because of limitations 

in the available data, our study suggests that current practices have resulted in acceptable 

outcomes. The absolute incidence of posttransplant melanoma and melanoma-specific death 

were small, but significantly increased, supporting a role for close dermatologic screening 

and follow-up after transplantation. Because our observation of an elevated overall mortality 

for transplant recipients with a history of melanoma is unexplained, listing committees 

should use a candidate’s history of melanoma as an indication that other factors may be 

present that might predispose the patient to a poor transplant outcome, and incorporate this 

information into case-by-case decisions.

These data will inform the development of consensus guidelines. Future studies in this area 

may benefit from more detailed information on tumor data, such as molecular markers and 
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AJCC tumor stage, as well as additional detailed follow-up to ascertain the clinical course 

after transplantation.
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Figure 1. 
Study design. Study design for Aim 1: Impact of pretransplant melanoma on posttransplant 

survival and incidence of additional primary melanomas (A). Study design for Aim 2: 

Impact of organ transplantation on melanoma-specific mortality in patients with a history of 

melanoma before transplant (B).
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Figure 2. 
Overall survival for transplant recipients. Kaplan–Meier plot showing overall survival for 

Aim 1 cohort, transplant recipients with and without pretransplant melanoma.
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TABLE 1.

Demographic Characteristics of US Transplant Recipients

N = 185,039*

 Female 70,284 (37.98)

 Male 114,755 (62.02)

 Age at transplant (yrs) 49 ± 13 (18–89)

 Non-Hispanic white 112,590 (60.85)

 Other 72,449 (39.15)

 Year of transplant 2001 ± 5 (1987–2010)

 Abdominal organ 158,173 (85.48)

 Thoracic organ 26,866 (14.52)

 No history of pretransplant melanoma 184,703 (99.82)

 History of pretransplant melanoma 336 (0.18)

*
Data are expressed as n (%) or mean ± SD and range.
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TABLE 2.

Characteristics of Pretransplant Melanomas

N = 336

SEER behavior

 In situ 112 (33.33)

 Invasive 224 (66.67)

SEER summary stage

 In situ melanoma 112 (33.33)*

 Localized melanoma 177 (52.68)

 Regional metastasis 5 (1.49)

 Distant metastasis 2 (0.60)

 Unknown 40 (11.90)

Histology

 Melanoma NOS 201 (59.82)

 Superficial spreading melanoma 75 (22.32)

 Lentigo maligna melanoma 43 (12.80)

 Other specified 17 (5.06)

Data are expressed as n (%).

*
This category includes 9 cases listed as “unknown” in the SEER summary stage but with behavior listed as in situ.
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TABLE 4.

Cumulative Incidence of Melanoma Outcomes After Organ Transplantation

5 yrs (%) 10 yrs (%)

All-cause mortality

 No pretransplant melanoma (n = 184,703) 27.38 56.58

 Pretransplant melanoma (n = 336) 34.32 70.90

  Absolute difference 6.94 14.32

Melanoma-specific mortality

 No pretransplant melanoma (n = 184,703) 0.05 0.12

 Pretransplant melanoma (n = 336) 1.22 3.09

  Absolute difference 1.17 2.97

Incident posttransplant melanoma

 No pretransplant melanoma (n = 184,703) 0.47 0.86

 Pretransplant melanoma (n = 336) 2.51 4.54

  Absolute difference 2.04 3.68

Results are derived from adjusted survival models.

Dermatol Surg. Author manuscript; available in PMC 2018 November 29.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Arron et al. Page 18

TA
B

L
E

 5
.

A
ss

oc
ia

tio
n 

of
 T

ra
ns

pl
an

ta
tio

n 
w

ith
 M

el
an

om
a-

sp
ec

if
ic

 M
or

ta
lit

y 
Fo

llo
w

in
g 

an
 I

nv
as

iv
e 

M
el

an
om

a 
D

ia
gn

os
is

M
el

an
om

a 
C

as
es

M
el

an
om

a-
sp

ec
if

ic
 D

ea
th

s,
 n

 (
%

)
U

na
dj

us
te

d 
H

R
 (

95
%

 C
I)

A
dj

us
te

d 
H

R
 (

95
%

 C
I)

N
o 

tr
an

sp
la

nt
14

1,
37

3
15

,5
00

 (
11

.0
)

1.
0

1.
0

T
ra

ns
pl

an
t

68
4 

(5
.9

)
1.

7 
(0

.6
–4

.5
)

1.
7 

(0
.6

–4
.5

)

H
az

ar
d 

ra
tio

s 
ar

e 
es

tim
at

ed
 f

ro
m

 m
ul

tiv
ar

ia
te

 C
ox

 r
eg

re
ss

io
n.

 M
od

el
s 

ar
e 

ad
ju

st
ed

 f
or

 s
ex

, a
ge

 a
t m

el
an

om
a 

di
ag

no
si

s,
 n

on
-H

is
pa

ni
c 

w
hi

te
 v

er
su

s 
ot

he
r 

ra
ce

/e
th

ni
ci

ty
.

Dermatol Surg. Author manuscript; available in PMC 2018 November 29.


	Abstract
	Materials and Methods
	Aim 1
	Subjects
	Statistical Analysis
	Aim 2
	Subjects
	Statistical Analysis

	Results
	Aim 1
	Aim 2

	Discussion
	References
	Figure 1.
	Figure 2.
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.
	TABLE 5.



