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International incidence of melanoma in heart transplant 
recipients: a meta-analysis
Paola Campillo, Alice Kesler, Camila A. Ramírez, Carlos J. Ramírez, 
Jean Carlo Daher, Mason Grimm, Michael Sabina and Anas Bizanti

The incidence of heart transplants in the USA 
has increased by 85.8% since 2011, resulting in a 
growing population of recipients requiring long-term 
immunosuppressive therapy. While essential for 
preventing organ rejection, this therapy significantly 
increases melanoma risk. This meta-analysis investigates 
the incidence and risk factors of melanoma in heart 
transplant recipients. A systematic review and meta-
analysis were conducted following Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
guidelines, including observational studies reporting 
melanoma incidence in heart transplant recipients. 
Relative risk (RR) was synthesized from standardized 
incidence ratios, hazard ratios, incidence rate ratios, 
and standardized mortality ratios. The meta-analysis 
incorporated 10 studies, including 22 415 heart transplant 
recipients. The pooled RR was 2.21 (95% confidence 
interval: 1.32–3.71; P = 0.003), indicating a significantly 

elevated melanoma risk. This study highlights the critical 
need for preventive dermatological strategies in heart 
transplant recipients and calls for further research into 
the impact of different immunosuppressive regimens on 
melanoma risk. Despite limitations, these findings offer 
valuable insights for optimizing long-term patient care. 
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Introduction
The number of heart transplants in the USA has risen 
dramatically, increasing by 85.8% since 2011 and reach-
ing 3668 adult transplants in 2022 [1]. While these 
life-saving procedures are becoming more common, 
they bring with them significant challenges, particularly 
the long-term use of immunosuppressive therapy. This 
therapy is crucial for preventing graft rejection but also 
weakens the immune system, making transplant recip-
ients more susceptible to various cancers, including 
melanoma.

Melanoma, the most lethal type of skin cancer, is the 
fifth most common malignancy in both men and women 
in the USA, with an estimated 97 610 new cases and 
7990 deaths expected in 2023 [2]. The risk of melanoma 
is particularly concerning for transplant recipients due to 
their immunosuppressed state. While kidney transplant 
recipients are known to have a significantly elevated risk 
of developing melanoma – up to eight times higher than 

the general population [3] – similar risks are suspected 
in heart transplant recipients, who also endure high-dose 
and prolonged immunosuppressive regimens.

Given the rising number of heart transplants and the crit-
ical need to manage posttransplant cancer risks, under-
standing the incidence and risk factors for melanoma in 
heart transplant patients is essential. This study aims to 
fill this gap, offering insights that could lead to improved 
monitoring and management strategies for this vulnera-
ble population.

Materials and methods
Data source and searches
We followed the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines and have summarized our search process in 
Fig. 1. Adhering to the PRISMA checklist, we ensured 
comprehensive and transparent reporting of our system-
atic review [4] (Supplementary Data 1, Supplemental 
digital content 1, http://links.lww.com/MR/A412). Two 
investigators (P.C. and A.K.) developed the search strat-
egy, which was revised and approved by the other inves-
tigators. We searched the following databases until 31 
July 2024: PubMed-MEDLINE and EMBASE-OVID. 
The PubMed search strategy is shown in Supplementary 
Data 2, Supplemental digital content 2, http://links.lww.
com/MR/A413 File. There was no language limitation.

Supplemental Digital Content is available for this article. Direct URL citations ap-
pear in the printed text and are provided in the HTML and PDF versions of this 
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Study selection
We included only observational studies reporting the 
incidence of melanoma after patients received a heart 
transplant. We excluded studies that did not match our 
target population, did not report incidence of melanoma 
specifically in patients with a heart transplant, or did 
not compare the incidence to the general population. 
Three investigators (P.C., A.K., and M.S.) independently 
screened each record title and abstract for potential inclu-
sion. They then assessed full texts of selected abstracts. 
Discrepancies were resolved through discussion or by 
another investigator (M.G.).

Outcomes
In this meta-analysis, we exclusively focused on assess-
ing the relative risk (RR) of melanoma in heart trans-
plant patients compared to the general population. Our 

primary outcome measure was the standardized inci-
dence ratio (SIR), hazard ratio, incidence rate ratio (IRR), 
and standardized mortality ratio (SMR), all of which were 
converted to a common metric of RR for uniformity in 
analysis. No other outcomes, such as absolute risk, mor-
bidity, mortality, or other health-related metrics, were 
evaluated in this study.

Data extraction
Three investigators (P.C., A.K., and M.S.) independently 
extracted the following variables from the studies: loca-
tion, study type (e.g. retrospective cohort), study period, 
immunosuppressant regimen, comparison population, 
percentage of male participants, age range, median follow- 
up duration, number of heart transplant patients, number 
of male/female melanoma cases, number of melanoma 
cases, measure of effect (CI), log(RR), and SE(logRR). 

Fig. 1

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).
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Discrepancies in data extraction were resolved through 
discussion or by consulting a fourth investigator (M.G.).

Risk of bias assessment
Two investigators (P.C. and A.K.), independently assessed 
risk of bias (RoB) by using the ROBINS-I (Risk Of Bias 
In Non-Randomized Studies of Interventions) tool for 
cohorts [5]. Disagreements were resolved by discussion 
with a third investigator (M.S.). ROBINS-I evaluates 
seven bias domains: due to confounding, selection of 
participants into the study, classification of interventions, 
deviations from intended interventions, missing outcome 
data, measurement of the outcome, and selection of the 
reported result. Risk of bias assessment can be viewed in 
Supplementary Data 3, Supplemental digital content 3, 
http://links.lww.com/MR/A414.

Statistical analysis
We reported our systematic review according to the 
2020 PRISMA guidelines (Supplementary Data 1, 
Supplemental digital content 1, http://links.lww.com/MR/
A412) [4]. The meta package of RevMan was used for 
all meta-analyses [6]. Inverse variance random effect 
meta-analyses were performed to evaluate the RR of 
melanoma in heart transplant patients compared to the 
general population. Effects of the meta-analyses were 
reported as log-transformed relative risk (logRR) for con-
sistency across different types of risk measures (e.g. SIR, 
hazard ratio, IRR, SMR). These log-transformed meas-
ures were then exponentiated to present the results as 
RR. Heterogeneity of effects among studies was quanti-
fied with the I2 statistic, with an I2 > 60% indicating high 
heterogeneity. A leave-one-out sensitivity analysis was 
conducted to assess the robustness of the overall results. 
In this analysis, each study was sequentially excluded, 
and the meta-analysis was repeated to determine the 
influence of each individual study on the pooled effect 
size and heterogeneity. This process helped identify any 
studies that had a disproportionate impact on the over-
all findings. The quality of evidence will be evaluated 
using the Grading of Recommendations Assessment, 
Development and Evaluation (GRADE) methodology, 
which covers five aspects: RoB, inconsistency, indirect-
ness, imprecision, and publication bias [7]. Publication 
bias was assessed using Egger’s test [8].

Results
Selection of studies
A comprehensive search was conducted on 31 July 2024, 
using PubMed and EMBASE to identify relevant cita-
tions. The search included Medical Subject Headings 
terms ‘Heart Transplant’ and ‘Melanoma’ or ‘Skin 
Neoplasms’ to capture studies involving melanoma inci-
dence in heart transplant patients compared to the general 
population. The population, intervention, comparison, 
outcome (PICO) system on EMBASE was similarly used 

with terms ‘Heart Graft’ and ‘Melanoma’ or ‘Skin Cancer’ 
along with study types like randomized controlled trial 
(RCT), observational, retrospective, and prospective.

A total of 294 citations were identified, with 192 from 
PubMed and 102 from EMBASE. Following this, 13 
duplicates were removed, leaving 281 results for addi-
tional screening. During the screening process, studies 
were excluded based on criteria such as not being an 
RCT or an observational study, not providing full text, 
not focusing on heart transplant, not addressing mela-
noma, or not having a control group of the general pop-
ulation. Ultimately, 10 full-text studies were selected for 
inclusion. The included studies’ design can be seen in 
Table 1.

Characteristics of included studies
The general characteristics of the included retrospective 
cohort studies are detailed in Table 1. All included stud-
ies were published across various periods and countries, 
providing a comprehensive view of melanoma risk in 
heart transplant patients. The studies spanned different 
regions, including Sweden, Denmark, Canada, New York, 
Australia, the USA, the Czech Republic, France, Finland, 
and Taiwan. The study periods ranged from as early as 
1970 to as recent as 2015.

Immunosuppressant regimens varied widely among 
the studies, including combinations of azathioprine, 
cyclosporine, prednisolone, calcineurin inhibitors, pred-
nisone, mycophenolate mofetil (MMF), tacrolimus, and 
long-term corticosteroids. It is important to note that the 
studies did not specifically report the number of heart 
transplant patients on these immunosuppressant drugs. 
Instead, we extracted this data manually from papers 
that discussed immunosuppressant usage in overall organ 
transplant populations.

The comparison populations were predominantly 
national or regional populations, and the method of com-
parison included SIR, SMR, IRR, and hazard ratios. The 
total number of heart transplant patients included across 
all studies was 22 415. However, not every study pro-
vided specific male/female ratios for the heart transplant 
population; we gathered the available data from the stud-
ies that did report this information, which was too low to 
do a formal analysis on.

The median follow-up duration across the studies ranged 
from 4 to 10.12 years, allowing for substantial observa-
tion periods to assess melanoma incidence. The male 
percentage varied from 77% to 82.5% in studies that 
reported gender distribution. Age ranges of participants 
varied broadly, with some studies reporting specific age 
ranges, such as 50–66 years, and others providing median 
ages at transplant.

A total of 579 melanoma cases were identified across 
the studies. Table 2 summarizes the number of heart 
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transplant patients, male/female melanoma cases, and 
the number of melanoma cases.

Risk of bias of included studies
The leave-one-out sensitivity analysis revealed that the 
overall heterogeneity, as measured by the I2 statistic, 
remained high across most exclusions, indicating sub-
stantial variability among the studies (Supplementary 
Data 3, Supplemental digital content 3, http://links.lww.
com/MR/A414). Notably, the exclusion of Robbins 2015 
significantly reduced the I2 to 0%, suggesting that this 
study had a substantial impact on the overall heterogene-
ity. Additionally, excluding Robbins et al., 2015 resulted in 
an increase in the overall effect size from 2.21 [1.32–3.71] 

to 2.80 [2.12–3.70], highlighting the significant influence 
this study had on the pooled effect estimate. This indi-
cates that the study by Robbins et al. contributed not only 
to the heterogeneity but also affected the magnitude of 
the estimated risk.

Risk of bias was evaluated using the The ROBINS-I 
assessment for non-randomized controlled trials 
(Supplementary Data 3, Supplemental digital content 
3, http://links.lww.com/MR/A414). The studies generally 
exhibit low risk across most domains, particularly in the 
selection of participants, classification of interventions, 
measurement of outcomes, deviations from intended 
interventions, and selection of reported results. These 
domains benefit from the use of comprehensive national 

Table 1  Study design and characteristics

Study Location Study type
Study 
period Immunosuppressant regimen

Comparison 
population Male (%) Age range

Follow-up 
(median 
years)

Krynitz et al. 
[11]

Sweden Retrospective 
cohort

1970–
2008

– Swedish population 
(SIR)

– 9 to 75 5.1

Jensen et al. 
[20]

Denmark Retrospective 
cohort

1977–
2006

Azathioprine, cyclosporine, and predni-
solone

Danish population 
(SIR)

368 (80%) Median 
age at 
transplant 
50 y/o

5

Jiang et al. 
[12]

Canada Retrospective 
cohort

1981–
1998

– Canadian population 
(SIR)

1575 
(82.5%)

<10 to >60 4.8

Kellerman et 
al. [15]

New York Retrospective 
cohort

1994–
2007

Calcineurin inhibitor, prednisone, MMF US population (SIR) 658 (77%) 50 to 66 5.3a

Na et al. [13] Australia Retrospective 
cohort

1984–
2006

– Australia population 
(SIR)

1218 
(80.2%)

0 to >60 5

Robbins et al. 
[16]

USA Retrospective 
cohort

1987–
2010

Azathioprine US population (SIR) – 0 to >65 4

Secnikova et 
al. [14]

Czech 
Republic

Retrospective 
cohort

1993–
2010

Cyclosporine A or tacrolimus, MMF or 
azathioprine

Czech population 
(SMR)

493 
(81.7%)

34.9 to 
61.3

6.4

Fattouh et al. 
[23]

France Retrospective 
cohort

1991–
2015

Long-term corticosteroids, cyclosporine, 
mycophenolate mofetil

French population 
(SIR)

– 9 to 75 4.4

Jäämaa- 
Holmberg et 
al. [19]

Finland Retrospective 
cohort

1985–
2014

Cyclosporine (before 2008) or tacrolimus 
(2008 onward), azathioprine (before 
2002) or mycophenolate (2002 onward)

General Finnish popu-
lation (SIR)

381 
(79.5%)

Median 
age at 
transplant 
52 y/o

7.8

Liu et al. [22] Taiwan Retrospective 
cohort

2000–
2015

Calcineurin inhibitor (cyclosporine/tac-
rolimus), antimetabolite (azathioprine/
mycophenolate mofetil), mTOR inhibitor 
(sirolimus/everolimus), combinations of 
these drugs

National Health 
Insurance Research 
Database (NHIRD) 
in Taiwan

– 35.5 to 
60.5

10.12 ± 9.7

MMF, mycophenolate mofetil; mTOR, mechanistic target of rapamycin; SIR, standardized incidence ratio; SMR, standardized mortality ratio.
aRepresents a mean (average).

Table 2  Study outcome

Study
Heart transplant 

patients (N = 22 415)
Male/female 

melanoma cases
Cases of melanoma 

(N = 579) Measure of effect (CI) Log(RR) SE(LogRR)

Krynitz et al. [11] 557 – 4 SIR 2.4 (0.6–6.1) 0.875 0.592
Jensen et al. [20] 459 – 1 SIR 1.8 (CI 0.1–10) 0.588 1.175
Jiang et al. [12] 1703 – 5 SIR 2.8 (CI 0.9–6.5) 1.03 0.504
Kellerman et al. [15] 851 5/0 5 SIR 3.1 (CI 0.99–7.1) 1.131 0.503
Na et al. [13] 1518 – 29 SIR 3.04 (CI 2.03–4.36) 1.112 0.195
Robbins et al. [16] 16, 325 – 519 IRR 0.91 (CI 0.69–1.21) −0.094 0.143
Secnikova et al. [14] 603 2/1 3 SMR 2.5 (CI 0.7–6.73) 0.916 0.577
Fattouh et al. [23] – – 6 SIR 0.87 (CI 0.17–1.57) −0.139 0.567
Jäämaa-Holmberg et al. [19] 479 – 5 SIR 3.8 (1.2–8.8) 1.335 0.508
Liu et al. [22] 878 – 2 4.983 h (1.195–25.047) 1.606 0.776

CI, confidence interval; IRR, incidence rate ratio; RR, relative risk; SIR, standardized incidence ratio; SMR, standardized mortality ratio.
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registries and standardized data, which ensure accurate 
and complete data collection. However, the risk of con-
founding is noted as serious in some studies [3,4] due to 
potential differences in immunosuppressive regimens 
and underlying health conditions. The overall RoB is 
moderate for most studies, reflecting these confounding 
concerns while acknowledging the robustness of data 
handling in other areas.

The GRADE analysis for the RR of melanoma in heart 
transplant patients, based on 10 observational studies, 
indicates a low certainty of evidence. Initially rated as 
low due to the observational nature of the studies, the 
evidence quality was further downgraded due to high 
heterogeneity (I2 = 75%). There were no downgrades 
for RoB, as assessed by ROBINS-I, or for imprecision, 
indirectness, and publication bias, the latter confirmed 
by Egger’s test showing no significant publication bias 
(z = 0.908, P = 0.364). Despite the large magnitude of 
effect [RR = 2.21, 95% confidence interval (CI): 1.32–
3.71], there was no evidence to support an upgrade for 
a dose–response gradient or to account for confounding. 
Thus, the overall certainty of the evidence remains low 
(Supplementary Data 3, Supplemental digital content 3, 
http://links.lww.com/MR/A414).

Outcomes
When compared to the general population, heart trans-
plant patients showed a statistically significant increased 
risk of melanoma, with a RR of 2.21 (95% CI: 1.32–3.71, 
P = 0.003, I2 = 75%), as depicted in Fig. 2.

Discussion
This meta-analysis confirms that heart transplant recip-
ients are at a significantly elevated risk of developing 
melanoma compared to the general population. The 

pooled RR of 2.21 found in this study aligns with previ-
ous research documenting increased cancer susceptibility 
in organ transplant recipients due to immunosuppressive 
therapy.

The heightened risk of melanoma in heart transplant 
recipients is largely attributable to the prolonged and 
high-dose use of immunosuppressants, such as calcineu-
rin inhibitors, which impair DNA repair mechanisms and 
promote mutagenesis. Specifically, calcineurin inhib-
itors have been shown to inhibit nucleotide excision 
repair, a critical pathway for repairing ultraviolet (UV)-
induced DNA damage, thereby increasing the likelihood 
of mutagenesis and oncogenesis in skin cells. Studies 
have also demonstrated that these drugs can activate 
oncogenic pathways, such as the phosphatidylinositol 
(3,4,5)-trisphosphate/protein kinase B or murine thy-
moma viral oncoprotein homolog and mitogen-activated 
protein kinase pathways, which are known to drive mel-
anoma development by promoting cell proliferation 
and survival while suppressing the body’s natural tumor 
surveillance mechanisms [8]. Moreover, the type and 
duration of immunosuppressive therapy appear to play 
a significant role in melanoma risk. Calcineurin inhibi-
tors, in particular, have been implicated in increased mel-
anoma risk compared to other immunosuppressants such 
as mechanistic target of rapamycin inhibitors, which may 
have a more favorable safety profile concerning cancer 
risk [9,10]. However, we were unable to analyze these 
differences because some studies did not specify which 
patients in our study population were on particular med-
ications [11–13].

It is important to consider the potential impact of gender 
differences among heart transplant recipients on mela-
noma risk. Since men are more prone to heart conditions 
that may ultimately lead to heart transplantation, studies 

Fig. 2

Risk of melanoma forest plot.
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often show a higher proportion of male participants. This 
gender imbalance in heart transplant rates may contrib-
ute to the observed higher incidence of melanoma in men 
compared to women in studies that report gender-specific 
data [14,15]. To truly understand whether there is a gen-
uine difference in melanoma risk between sexes, further 
research should focus on controlling for these disparities, 
examining factors such as hormonal influences, differ-
ences in immunosuppressive therapies, and variations in 
sun protection behaviors.

The variability in melanoma incidence across different 
geographic locations highlights the influence of environ-
mental factors, particularly UV exposure, on melanoma 
risk. Studies have shown that individuals living in regions 
with higher UV exposure, such as Australia and the south-
ern USA, are at greater risk of developing melanoma. This 
aligns with findings from Ref. [16], which suggest poten-
tial geographical variations in cancer incidence posttrans-
plantation. This increased risk underscores the necessity 
for stringent preventive measures, including the use of 
broad-spectrum sunscreens and protective clothing, as 
well as regular dermatological assessments for transplant 
recipients in these regions [17,18]. The geographic var-
iability also emphasizes the importance of considering 
local environmental factors when developing melanoma 
screening and prevention strategies for heart transplant 
recipients since increased incidence in melanoma post-
transplant is not limited to regions with increased UV 
exposure [19,20].

The long latency period for melanoma development 
posttransplantation, which can extend up to a decade, 
further emphasizes the need for sustained dermatolog-
ical surveillance in heart transplant recipients. Regular 
skin checks and early detection are critical for improving 
outcomes, as early stage melanoma is more amenable 
to treatment. Current clinical guidelines, such as those 
from the American Academy of Dermatology and other 
relevant transplant organizations, recommend annual 
dermatological assessments for transplant recipients 
[21]. Patient education on photoprotection, including 
the use of sunscreens and avoidance of peak UV times, 
and lifestyle modifications could further reduce mela-
noma risk.

Limitations
Despite the valuable insights gained from this meta- 
analysis, several limitations should be acknowledged. 
First, the retrospective nature of the included studies 
introduces inherent limitations related to data accuracy 
and completeness. Second, there was substantial variabil-
ity in the immunosuppressant regimens reported across 
the studies. The wide range of drugs and combinations 
used, including azathioprine, cyclosporine, prednisolone, 
calcineurin inhibitors, prednisone, MMF, tacrolimus, 
and long-term corticosteroids, complicates the ability to 
draw definitive conclusions about the impact of specific 

regimens on melanoma risk. Moreover, the studies did 
not consistently report the exact number of heart trans-
plant patients on each immunosuppressant regimen. This 
introduces potential inaccuracies and limits the ability to 
perform detailed subgroup analyses.

Third, the comparison populations used in the studies 
varied, with some studies employing national or regional 
populations and others using different comparison 
metrics such as SIR, SMR, IRR, and hazard ratios [22]. 
For the study with Fattouh et al., to calculate the SIR 
for melanoma in heart transplant patients, I derived 
the expected number of cases using the known SIR for 
renal transplant patients and the observed melanoma 
cases in that group. I then calculated the SIR for heart 
transplant patients by comparing the observed cases in 
this population to the derived expected cases [23]. The 
variability in comparison methods likely  contributed 
to the high heterogeneity observed in the meta- 
analysis, as indicated by the I2 statistic. The leave- 
one-out sensitivity analysis revealed that excluding the 
Robbins et al., 2015 study significantly reduced heter-
ogeneity (I2 = 0%) and increased the overall effect size 
from a RR of 2.21–2.80. This suggests that the Robbins 
study had a substantial impact on both the variability 
and the magnitude of the estimated risk, underscor-
ing the need for caution when interpreting the pooled 
estimates.

Finally, the GRADE analysis indicated a low certainty 
of evidence, primarily due to the observational nature of 
the included studies and the high level of heterogeneity. 
These limitations highlight the need for further prospec-
tive studies with standardized reporting of immuno-
suppressive regimens and detailed demographic data to 
better understand the melanoma risk in heart transplant 
patients and to refine the strategies for monitoring and 
managing this risk.

Conclusion
In conclusion, this meta-analysis reinforces the signifi-
cant melanoma risk faced by heart transplant recipients 
and underscores the importance of regular monitoring 
and tailored preventive strategies. By addressing the 
identified risk factors and implementing personalized 
care approaches, it may be possible to reduce the inci-
dence and improve the management of melanoma in this 
high-risk population.
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