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Background: Post-transplant malignancy (PTM) causes long-term morbidity and mortality in heart transplant (HTx) recipients. However, the detailed characteristics or predictors of PTM are not well-known. We evaluated the incidence, characteristics, long-term outcomes, and predictors of de novo PTM using a single center large-volume database.

Methods: We retrospectively analyzed the types and characteristics of de novo PTM in 989 patients who underwent HTx. Univariate and multivariate logistic regression analyses were used for the PTM prediction model.

Results: Two hundred and six patients (20.8%) had de novo PTMs (241 cancers) during a median follow-up of 11.5 years. PTM patients were older than non-PTM patients, received immunosuppressive therapy for a longer period, and were more likely to be male and white. Skin cancers were the most frequent types of malignancy (60.6%) followed by prostate (9.5%), lung (7.1%), and breast (4.1%) cancers. Although most cancers (88.8%) were surgically resected at initial presentation, about half (47.3%) recurred or progressed. Patients with skin cancer and non-skin cancer had significantly lower overall survival (P < 0.001) than patients without cancer. Older age (P < 0.001), white race (P = 0.001), and longer time receiving immunosuppressive therapy (P < 0.001) were independent predictors for PTM.

Conclusion: Older age, white race, and longer administration of immunosuppressive therapies were independent risk factors for PTM, which was associated with increased mortality. Further research is necessary for the prevention and early detection of PTM in HTx recipients.
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Introduction

Heart transplantation (HTx) is the optimal treatment for selected patients with end-stage heart failure (1). However, post-transplant malignancy (PTM) has been a significant cause of long-term morbidity and mortality in HTx recipients (2–7). According to the recent worldwide International Society for Heart and Lung Transplantation (ISHLT) registry data, PTM continues to be a significant cause of long-term morbidity, with an incidence of 28% at 10 years post-transplant (8, 9). Previously, we reported that >10% of adult HTx recipients developed de novo PTM between 1 and 5 years after transplantation, which was associated with increased mortality (2). However, we could not verify detailed cancer-related information or the recipients' ethnicities due to limitations of the ISHLT registry data. Therefore, we sought to evaluate the incidence, characteristics, long-term outcomes, and predictors of de novo PTM more comprehensively using a large-volume, detailed HTx database.



Methods


Study population

We retrospectively analyzed the types and characteristics of de novo PTM in a consecutively enrolled cohort of 1,062 patients who underwent HTx between January 1997 and December 2013 from a single center. Seventy-three patients had a history of pre-transplant malignancy and were excluded from this study. All HTx patients had cancer surveillance according to American Cancer Society guidelines. They had close skin cancer surveillances, including educations on preventive measures, and yearly dermatologic examinations and were screened for breast, colon, and prostate cancer in the same manner as the general population. Among 989 consecutively enrolled patients without a pre-transplant history of malignancy, 206 patients developed de novo PTMs (241 cancers) during a median follow-up period of 11.5 years. We investigated the incidence, clinical characteristics, outcomes, and predictors of PTM during the same study period. The Cedars-Sinai Institutional Review Board approved the study. Written informed consent was obtained from all enrolled patients.



Clinical outcomes

Post-transplant clinical outcomes included overall survival, cause of death, 10-year freedom from angiographic cardiac allograft vasculopathy (CAV, defined as any stenosis ≥30%), non-fatal major adverse cardiac events (NF-MACE, defined as the development of myocardial infarction, new congestive heart failure, need for percutaneous coronary intervention/angioplasty, placement of a pacemaker or implantable cardioverter-defibrillator, and stroke), any treated rejection (ATR), acute cellular rejection (ACR, t defined as biopsy proven grade 2 or 3 cellular rejection), and antibody-mediated rejection (AMR, defined as biopsy proven grade 2 or 3 antibody-mediated rejection). Rejections were diagnosed according to the revised International Society for Heart and Lung Transplantation (ISHLT) classification (10, 11).



Immunosuppressive therapy

Induction therapy with anti-thymocyte globulin (ATG) was indicated for sensitized patients with panel reactive antibodies >10%, patients with renal insufficiency (creatinine > 2 mg/dL), and patients receiving multiple organ transplants. Induction dose with ATG was a 1.5 mg/kg daily dose for 5 days post HTx. Calcineurin inhibitor (CNI)-based triple immunosuppressive therapy (tacrolimus, mycophenolate mofetil, and prednisone) was administered initially as maintenance therapy to most patients. Cyclosporine was administered if patients developed severe side effects from tacrolimus, such as seizures or encephalopathy. A regimen using a mammalian target of rapamycin (mTOR) inhibitor, either sirolimus or everolimus, in place of a CNI-free regimen was prescribed for eligible patients, including those with renal insufficiency or PTM. An mTOR inhibitor was administered in conjunction with a CNI in patients who developed rejection with graft dysfunction, cytomegalovirus (CMV) infection, or CAV. In case of intolerance to an mTOR inhibitor, a conventional CNI-based regimen was maintained. Patients at low risk for rejection were weaned off steroids 6 months after HTx (12).



Statistical analysis

Categorical variables are summarized as frequencies and percentages of the total group. Continuous variables are summarized as mean ± standard deviation. Discrete variables were compared using chi-square test, and continuous variables using Student's t-test or Mann-Whitney U-test. The cumulative incidence of events was assessed using the Kaplan-Meier method, and the statistical significance was calculated using the log-rank test. To avoid immortal time bias, all cumulative Kaplan–Meier estimates of clinical outcomes, including survival and morbidity (CAV, NF-MACE, ATR, ACR, and AMR), were assessed using landmark analysis. The median time from HTx to the first de novo malignancy (6.4 years) was used as a landmark time point. However, the number of clinical events, including mortality (number of deaths and cause of deaths) and morbidity (CAV, NF-MACE, ATR, ACR, and AMR) outcomes, was analyzed for the entire study period. Univariate and multivariate logistic regression analyses were used for the PTM prediction model. We established a cubic spline curve to better understand the relationship of the probability of cancer development with recipient age and time receiving immunosuppressive therapy. For the probability curves of cancer by recipient age, time receiving immunosuppressive therapy, white race, male sex, ischemic time, and pre-transplant mechanical circulatory support were adjusted. A P < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS version 20.0 (IBM Corporation, Armonk, NY, USA) or R Statistical Package (Institute for Statistics and Mathematics, Vienna, Austria, ver. 4.0.0, www.R-project.org).




Results


Baseline characteristics of the study population

Among 989 consecutively enrolled patients without a pre-transplant history of malignancy who underwent HTx between 1997 and 2013, 206 (20.8%) developed de novo PTMs (241 cancers) during a median follow-up period of 11.5 years (interquartile range 7.5–14.8 years). Baseline clinical characteristics of the study population at the time of transplantation are shown in Table 1. Compared to patients without PTM, patients with PTM tended to be older and receive immunosuppressive therapy longer and were more likely to be male and white. Among patients with PTM, 77 (37.4%) patients had a first degree family history of cancer.


TABLE 1 Baseline characteristics of patients with and without post-transplant malignancy.
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Types, frequencies, and characteristics of post-transplant malignancies

Detailed types, frequencies, and characteristics of de novo PTMs (n = 241 cancers) in 206 patients are shown in Table 2. The median time from HTx to the first malignancy was 6.4 years (interquartile range 3.1–9.8 years). Non-melanoma skin cancers were the most frequent types of malignancy (57.3%), followed by prostate cancers (9.5%), lung cancers (7.1%), and breast cancers (4.1%). Seventy-seven patients (37.4%) had a positive family history of cancer in first-degree relatives. At the time of initial diagnosis of PTM, 102 cancers (42.3%) had multiple or extensive disease statuses. While most cancers (88.8%) were surgically resected at initial presentation, about half (47.3%) recurrence or progressed. At the time of initial presentation, all skin cancers were surgically resected, but there was a relatively high recurrence rate (48.3%). Melanoma was the most likely to have multiple or extensive disease statuses (62.5%) at initial presentation, while lung cancer had the highest rate of recurrence or disease progression (76.5%).


TABLE 2 Types, frequencies, and characteristics of post-transplant de novo malignancies.
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Clinical outcomes of patients with post-transplant malignancies

When patients with PTM were divided into patients with skin cancer and those with non-skin cancer, both groups had significantly higher mortality than the control group during the entire study period (42.2 and 65.6%, respectively, vs. 39.0%, P < 0.001; Table 3). When patients with skin cancer were further classified into non-melanoma skin cancer vs. melanoma groups, mortality rates were similar between non-melanoma skin cancer group and the control group (41.7 vs. 39.0%, p = 0.714; Supplementary Table 1). For patients without PTM, the most common causes of death were cardiac-related (43.3%), including rejection and CAV, followed by infection (21.6%). For patients with PTM, the most com patients with non-melanoma skin cancer showed comparable morality with non-PTM group mon causes of death were malignancy (total: 44.4%; melanoma: 100%, non-melanoma skin cancer: 24.4% and non-skin cancer: 55.9%), followed by infection (total: 19.4%; melanoma: 0%, non-melanoma skin cancer: 17.8% and non-skin cancer: 25.4%) and cardiac-related (total: 10.2%; melanoma: 0%, non-melanoma skin cancer: 13.3%, and non-skin cancer: 5.1%) (Supplementary Table 1). When the median time from HTx to the first de novo malignancy (6.4 years) was used as a landmark time point, both patients with skin cancer and patients with non-skin cancer had a significantly lower overall survival (59.6 and 41.7%, respectively, vs. 78.1%, P < 0.001) than those without PTM. Regarding the morbidity outcomes, patients with skin cancers had a significantly increased incidence of CAV (39.7 vs. 23.4%, P < 0.001) and a lower 10-year freedom from CAV (65.4% vs. 75.3%, P = 0.02) than patients without PTM. There were no significant differences between patients with skin cancer and non-skin cancer in terms of morbidity or mortality outcomes (Table 3).


TABLE 3 Clinical outcome of patients with and without post-transplant malignancy.
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Predictors of de novo post-transplant malignancies

Next, we evaluated the predictors of de novo PTMs using univariable and multivariable logistic regression analysis (Table 4). Older age, white race, and a longer time receiving immunosuppressive therapy were independent risk factors for all types of de novo malignancies. However, the predictors of skin cancer and non-skin cancer were different. Although recipient age and time receiving immunosuppressive therapy were common independent predictors, white ethnicity and male sex were independently associated only with skin cancer, not with non-skin cancer. Cubic spline curves of probability for all types of cancer, skin cancer, and non-skin cancer by recipient age and time receiving immunosuppressive therapy are shown in Figure 1.


TABLE 4 Univariable and multivariable logistic regression analysis for post-transplant malignancy development.
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FIGURE 1
 Cubic spline curve of probability for all types of cancer, skin cancer, and non-skin cancer by recipient age and time receiving immunosuppressive therapy. Black lines and gray shadows represent the estimated probability and the 95% confidence intervals for post-transplant malignancy development, respectively.


Regarding the recipient age, all types of cancer showed a steep increase in probability from the ages of 50–70, and the probability of developing non-skin cancer also tended to increase steeply from the ages of 55–68. For skin cancer, the probability continued to increase in proportion to recipient age. For immunosuppressive therapy, the longer a patient received immunosuppressive therapy, the greater the risk for any type of cancer.




Discussion

PTM is a significant cause of long-term morbidity and mortality in HTx recipients (2–5). However, the incidence, characteristics, long-term outcomes, and predictors of de novo PTM have not been well-established. In this study, 20.8% of patients developed de novo PTMs (241 cancers) during a median follow-up period of 11.5 years, which is consistent with the recent ISHLT registry data (8). Skin cancers were the most frequent types of malignancy (highest in white patients), followed by prostate, lung, and breast cancers. At the time of initial diagnosis of PTM, 42.3% of cancers had multiple or extensive disease status. Although most cancers (88.8%) were surgically resected at initial presentation, about half (47.3%) recurred or progressed. Similar to a previous study by Yagdi et al. patients with PTM had a significantly higher mortality than those without PTM (13). Patients without PTM had a significantly higher overall survival than those with skin cancer and non-skin cancer. Older age, white race, and a longer time receiving immunosuppressive therapy were independent risk factors for all types of de novo malignancies.

Survival following HTx has improved significantly with the advent of better immunosuppressive therapy (8, 9). However, excessive immunosuppression is known to increase the risk of serious infections, renal dysfunction, and PTM development in the long term (8, 9). Therefore, balancing immunosuppression to prevent rejection while minimizing infection and PTM development is a major challenge in HTx. Chronic immune suppression, and recipient's risk factors including age and genetic predisposition to cancer play important roles in PTM (1, 2, 8, 9, 12, 14–16), however, it is unclear which immunologic mechanisms play significant roles in the pathogenesis of PTM.

Non-melanoma skin cancers were the most frequent types of malignancy (57.3%), which is in accordance with previous studies (4, 17). This consistent finding highlights the importance of cancer screen in HTx patients, especially for the skin cancer. Recently, Bottomley et al. (18) reported that the accumulation of senescent T cells is a strong predictor of squamous cell carcinoma development and recurrence in a high-risk, long-term renal transplant recipient cohort. Similarly, in HTx recipients, senescent T cells may accumulate during chronic immunosuppression and reduce immune surveillance of tumorigenic activity, resulting in overt squamous cell carcinoma (18–22). These findings highlight the importance of cancer screen in HTx patients, especially for the skin cancer. Detailed underlying immunologic mechanisms should be studied to prevent skin cancer and other PTMs.

Regarding PTLD, a relationship between age and Ebstein-Barr virus (EBV) serostatus exists (23). According to a previous study by Higgins et al. (24), incidence of PTLD was the highest in young (<35 years) HTx patients with respect to then normal population. In our cohort, mean age at transplant of 7 HTx patients with PTLD was younger (57.4 ± 5.9) than HTx patients with other PTM (60.8 ± 9.3). Median time between HTx and PTLD was 8.5 [5.4–12.2] years and all patients were presented with late onset PTLD (>1 year HTx). All 7 patients with PTLD underwent surgical resection, however, 5 (57.1%) experienced recurrence and 6 (85.7%) died during follow-up. In our cohort, any significance of serologic EBV mismatch between donor and recipient could not be analyzed due to limited data availability. Considering poor prognosis of PTLD in HTx patients, larger, multicenter studies to assess the surveillance strategies focusing on EBV monitoring and prophylactic treatment approaches are needed.

In our cohort, patients with skin cancers had a significantly increased incidence of CAV and a lower 10-year freedom from CAV than patients without PTM. CAV is considered to be a result from metabolic and immune medicated injury and PTM is considered to be associated with over immunosuppression. Therefore, higher incidence of CAV in HTx recipients with skin cancer is more likely due to shared risk factor, such as old age and longer time of immunosuppression after HTx, rather than due to common pathogenic mechanisms.

CNI is known to promote cancer progression (25, 26), however, mTOR inhibitors have potential benefits in decreasing the PTM burden in terms of virus-associated malignancies and anticancer properties (27). Clinical benefits of mTOR inhibitors for PTM have been reported in kidney transplant recipients (28) and, more recently, in HTx recipients (3). Rivinius et al. (29). analyzed the distribution of malignancies in HTx patients from a single center and evaluated the risk factors. They reported significantly lower recurrences of cutaneous malignancy with mTOR inhibitor after the initial diagnosis of tumor as well as lower non-skin cancer. However, a 5-year study that included 78 HTx recipients randomized to receive tacrolimus and mycophenolate mofetil (MMF), tacrolimus and SRL, or SRL and MMF, found no difference in cancer incidence among the three groups (30). The Scandinavian Heart Transplant Everolimus De Novo Study with Early Calcineurin Inhibitor Avoidance trial (31) showed that everolimus was associated with a significant improvement in renal function and a significant reduction in CAV for de novo HTx recipients compared to cyclosporine. However, there was significantly more acute rejection, potentially counteracting the aforementioned benefits (1, 31). Therefore, maintenance immunosuppression regimens should be personalized after multidisciplinary discussion, considering the risks and benefits for each patient.

Older age and extended time receiving immunosuppressive therapies were common independent risk factors for all types of cancer and were associated with increased mortality. Enhanced cancer screening and individualized immunosuppressive therapy in these high-risk patients may improve their outcomes (32). The ISHLT guidelines recommend that HTx recipients undergo close skin cancer surveillance, including education on preventive measures and yearly dermatologic examinations. Recommendations regarding screening for prostate, lung, and breast cancer in the general population should also be followed in HTx recipients (33). Additionally, it is recommended that chronic immunosuppression be minimized where possible, particularly in patients at high risk for malignancy (33). Considering the increased burden of de novo PTM in HTx recipients, additional effort needs to be directed toward formulating evidence-based cancer screening recommendations and optimized immunosuppressive therapy protocols for these patients (2).

This study has several potential limitations. First, our study subjects could not fully represent real-world HTx recipients with de novo PTMs. Although the patients were consecutively enrolled, the study cannot be free from the limitations of a single-center observational study and due to retrospective nature of the study, possible risk factors in association with de novo PTM including detailed family history, viral serology, or smoking history were not completely evaluated. Second, detailed cancer-related information was not fully standardized due to each cancer's varied types and stages. Third, we were unable to conclude the role of specific immunosuppressive agents on the development of PTMs due to diverse immunosuppression regimens and their changes during the follow-up period. Initial immunosuppressive regimens after HTx were similar between two groups (Supplementary Table 2). The percentages of patients who had switched to mTOR inhibitors during follow up were also similar between two groups, however, we could not assess whether switching was made at the time of diagnosis of malignancies in PTM group.

In conclusion, older age, white race, and extended time receiving immunosuppressive therapy were identified as independent risk factors for PTM associated with increased mortality in this study. Further research is necessary for the prevention and early detection of PTM in HTx recipients.
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