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BACKGROUND Malignancy is a concern in cardiac transplant recipients, but the temporal trends of de novo malignancy

development are unknown.

OBJECTIVES The goal of this study was to describe the temporal trends of the incidence, types, and predictors of

de novo malignancy in cardiac transplant recipients.

METHODS The authors analyzed the temporal trends of post-transplant incidence, types, and predictors of malignancy

using 17,587 primary adult heart-only transplant recipients from the International Society for Heart and Lung

Transplantation registry. The main study outcomes included the incidence of, types of, and time to de novo malignancy.

RESULTS The risk of any de novo solid malignancy between years 1 and 5 after transplantation was 10.7%. The

cumulative incidence by malignancy type was: skin cancer (7.0%), non-skin solid cancer (4.0%), and lymphoproli-

ferative disorders (0.9%). There was no temporal difference in the time to development according to malignancy

type. However, the cumulative incidence of de novo solid malignancy increased from 2000 to 2005 vs. 2006 to 2011

(10.0% vs. 12.4%; p < 0.0001). Survival in patients after de novo malignancy was markedly lower than in

patients without malignancy (p < 0.0001). Older recipients and patients who underwent transplantation in the recent

era had a higher risk of de novo malignancy.

CONCLUSIONS More than 10% of adult heart transplant recipients developed de novo malignancy between

years 1 and 5 after transplantation, and this outcome was associated with increased mortality. The incidence of

post-transplant de novo solid malignancy increased temporally, with the largest increase in skin cancer. Individualized

immunosuppression strategies and enhanced cancer screening should be studied to determine whether they can

reduce the adverse outcomes of post-transplantation malignancy. (J Am Coll Cardiol 2018;71:40–9)
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AB BR E V I A T I O N S

AND ACRONYM S

ISHLT = International Society

for Heart and Lung

Transplantation

MMF = mycophenolate mofetil

SCC = squamous cell

carcinoma

SOTR = solid organ transplant

recipient
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D e novo malignancy is an important cause of
long-term morbidity and mortality in solid
organ transplant recipients (SOTRs) (1,2).

The incidence of de novo malignancy has been re-
ported to be approximately 20% after 10 years of
chronic immunosuppression, and other studies have
also shown an overall 2- to 4-fold elevated risk of ma-
lignancy (1–6). Cardiac transplant recipients are at
particularly increased risk of developing de novo ma-
lignancies, with a risk 4-fold higher than that of renal
transplant recipients (6–12). However, previous
studies on malignancy after heart transplantation
have had limitations, such as being single-center or
single-country studies without temporal trends anal-
ysis (6,10–12).
SEE PAGE 50
The goal of the present study, therefore, was to
characterize the incidence of, types of, and time to de
novo malignancy after heart transplantation and to
analyze the temporal trends of characteristics for
patients with de novo malignancy according to
different eras (2000 to 2005 vs. 2006 to 2011) using the
data from the International Society for Heart and Lung
Transplantation (ISHLT) Heart and Lung Transplant
Registry. In addition, the survival rates of patients after
de novo malignancy were compared with those of
patients without malignancy; the objective was to
determine whether patients with malignancy in the
recent era had better survival compared with those in
the remote era. Finally, we tried to identify risk factors
associated with the development of de novo malig-
nancy after heart transplantation. Because cancer
screening is mainly performed by primary care physi-
cians in many countries, a better understanding of
cancer risk in cardiac transplant recipients would help
to identify opportunities to improve post-transplant
outcome in these patients.

METHODS

STUDY POPULATION. This retrospective cohort
study was conducted by using data collected in the
ISHLT Heart and Lung Transplant Registry. The
ISHLT Registry collects data on thoracic organ trans-
plants performed worldwide. The ISHLT Registry re-
quires submission of core donor, recipient, and
transplant procedure variables at baseline and at
yearly follow-up. We did not ascertain vital status
with civic registries independent of ISHLT; however,
due to close regulatory monitoring of transplant
programs, the vital status of patients is typically well
documented. The present analysis includes only
those patients in whom malignancy status after
transplant was reported.
The registry provided de-identified
patient-level data on all heart transplant re-
cipients. Because no patient or center iden-
tifiers were included in the ISHLT dataset,
our center did not require institutional re-
view board approval, and patient consent was
not required. The analysis cohort included all
primary heart-only transplants in adult re-
cipients ($18 years of age) performed be-
tween January 2000 and December 2011.
Follow-up data were available through June

2015. There were 42,343 transplants meeting these
criteria. Of these, 24,756 were excluded from further
analysis, resulting in 17,587 cases for analysis. Non-
mutually exclusive reasons for exclusion were as
follows: multi-organ and heterotopic transplants,
pre-transplant history of malignancy, death or patient
survival status unknown 1 year post-transplant, ma-
lignancy status not reported post-transplant, and
maintenance or immunosuppression information not
reported at either discharge or 1 year post-transplant.
Recipient, donor, and transplant characteristics are
tabulated in Online Table 1 for patients with known
malignancy status at 3 or 5 years.

RATES OF MALIGNANCY DEVELOPMENT. A
competing risks extension of the Kaplan-Meier
method was used to estimate the rates of developing
each type of malignancy between years 1 and 5 after
transplantation (Table 1). The only other competing
event considered in this analysis was death. The
analysis was based on the first event that occurred;
therefore, if patients developed malignancy before
death, they had a malignancy event in the analysis
rather than a death event. Rates were computed
separately for each type of malignancy. Some patients
may have experienced >1 type of malignancy; thus,
the sum of the rates for individual malignancies may
be larger than the overall rate. The results are stratified
according to transplant era. Of note, because we
planned to examine what effect the events in the first
year post-transplant had on the risk of malignancy,
and because death due to de novo malignancy is un-
likely in the first year post-transplant, patients who
died or were diagnosed with malignancy before 1 year
after transplant were excluded.

SURVIVAL RATES. Patient survival rates were
computed via the Kaplan-Meier method and
compared by using the log-rank test statistic. For
patients in whom malignancy was diagnosed between
years 1 and 5 after transplantation, the diagnosis date
was used for time zero. The median time to diagnosis
for malignancies diagnosed within 5 years after
transplantation was computed for each type of
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TABLE 1 Incidence of De Novo Malignancy Between Years 1 and 5 After

Heart Transplantation

Development of Malignancy
Between Years 1 and 5 After

Transplant

p Value*
2000–2005
(n ¼ 8,555)

2006–2011
(n ¼ 9,032)

De novo solid tumor Total 10.0 (842) 12.4 (1,035) <0.0001

Skin cancer Total 6.4 (535) 8.4 (703) <0.0001

Skin: squamous 4.0 (339) 5.9 (494) <0.0001

Skin: basal cell 3.1 (264) 3.5 (298) 0.0068

Skin: melanoma 0.5 (38) 0.6 (51) 0.0066

Non-skin solid cancer Total 4.0 (335) 4.5 (367) 0.0040

Kaposi’s sarcoma 0.0 (1) 0.1 (10) —

Brain 0.0 (3) 0.0 (4) —

Renal 0.2 (16) 0.2 (18) 0.1121

Vulva/perineum/
penis/scrotum

0.0 (2) 0.0 (3) —

Uterus 0.0 (1) 0.0 (3) —

Ovarian 0.0 (2) 0.0 (2) —

Testicular 0.0 (4) 0.0 (2) —

Esophagus 0.1 (9) 0.1 (11) —

Stomach 0.1 (8) 0.0 (3) —

Small intestine 0.0 (0) 0.0 (0) —

Pancreas 0.0 (4) 0.1 (11) —

Larynx 0.1 (5) 0.1 (6) —

Tongue/throat 0.1 (6) 0.1 (11) —

Thyroid 0.0 (2) 0.1 (5) —

Bladder 0.1 (12) 0.2 (14) 0.1047

Breast 0.2 (20) 0.2 (16) 0.0692

Prostate 1.3 (109) 1.4 (115) 0.0859

Colorectal 0.3 (26) 0.2 (20) 0.0491

Primary hepatic 0.0 (1) 0.1 (9) —

Metastatic liver 0.1 (8) 0.1 (5) —

Lung 1.1 (92) 1.0 (79) 0.0450

Sarcoma 0.0 (2) 0.0 (4) —

Other cancer 0.2 (21) 0.3 (26) 0.0517

De novo lymphoproliferative
disorders

Total 1.0 (83) 0.9 (75) 0.1118

Values are % (n). *A p value was computed via an independent sample Student’s t-test and only computed if
there were at least 10 events in each era. A competing risks extension of the Kaplan-Meier method was used to
estimate the rates of developing each type of malignancy between year 1 and year 5 after transplant.
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malignancy. For patients who were not reported to
have a malignancy within the median time for that
malignancy, time zero was designated as the median
time to malignancy development in the correspond-
ing group of patients who developed a malignancy.
For example, for patients who developed skin
malignancy within 5 years, the median time to
development was 893 days; therefore, survival rates
were computed starting at day 893 when assessing
survival in this control group cohort.

MULTIVARIABLE ANALYSES. Cox proportional haz-
ards regression models were used to assess the rela-
tionship of various potential recipient, donor, and
transplant risk factors and the development of
malignancy within 5 years, conditional on survival to
1 year (deaths before 1 year were excluded) for each
malignancy type.

All continuous factors were included in the models
considering the use of a restricted cubic spline to
allow for the most flexible fit of the functional form.
When appropriate, continuous variables were
modeled only as linear terms and are specified as
such. The detailed list of variables considered for in-
clusion in the multivariate models can be found in the
Online Appendix. A backward selection method was
used to determine which risk factors to retain in each
model. A p value <0.05 was considered significant,
and a p value $0.05 but <0.10 was considered
borderline significant. Variables forced into the
model regardless of statistical significance were
recipient age, diagnosis group (categorical), and
transplant era.

Statistical analyses were performed by using SAS
Enterprise Guide 5.1 (SAS Institute, Inc., Cary, North
Carolina) and R version 0.99.486 (RStudio Team
[2015], RStudio: Integrated Development for R.
RStudio, Inc., Boston, Massachusetts).

RESULTS

BASELINE CHARACTERISTICS OF THE STUDY

POPULATION. Baseline characteristics, including
recipient, donor, and transplant characteristics, of
the study population according to malignancy status
at 3 years (n ¼ 14,426) and 5 years (n ¼ 10,829) are
summarized in Online Table 1. For patients with
known malignancy status at 5 years, the mean
recipient age was 52.2 � 11.9 years, and 77.3%
of recipients were male. The main underlying
diagnoses of heart failure leading to heart trans-
plantation were nonischemic cardiomyopathy
(47.4%) and coronary artery disease (43.9%).
Twenty-eight percent of patients underwent at least
1 pre-transplant mechanical circulatory support de-
vice procedure. The mean donor age was 31.1 � 12.2
years, and 72.2% of donors were male. The mean
ischemia time was 3.2 � 1.0 h. The most common
maintenance immunosuppression included calci-
neurin inhibitors, either tacrolimus (49.2%) or
cyclosporine (46.2%), and cell cycle inhibitors, most
commonly mycophenolate mofetil (MMF) (85.6%).
Almost 43% of transplant recipients were hospital-
ized for any reason between discharge and 1 year
post-transplant.

RISK OF DE NOVO MALIGNANCY WITHIN 5 YEARS

AFTER HEART TRANSPLANTATION. Table 1 sum-
marizes the rates of development of de novo ma-
lignancy after heart transplantation. The incidence
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FIGURE 1 Median Time to Development of De Novo Malignancy Between Years 1 and 5

After Transplantation
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of any de novo solid malignancy between years 1
and 5 after transplantation throughout the entire
period was 10.7%. The cumulative incidence of de
novo solid malignancy was higher in the 2006 to
2011 cohort compared with the 2000 to 2005 cohort
(12.4% vs. 10.0%; p < 0.0001). This increase was
predominantly owing to the higher incidence of
skin cancer in the more recent cohort (8.4% in 2006
to 2011 vs. 6.4% in 2000 to 2005; p < 0.0001). The
cumulative incidence of non-skin solid cancer was
also higher in the more recent era, but the degree of
this increase was relatively small (4.5% in 2006 to
2011 vs. 4.0% in 2000 to 2005; p ¼ 0.004). The
incidence of lymphoproliferative disorders was not
significantly different between the 2 cohorts (0.9%
in 2006 to 2011 vs. 1.0% in 2000 to 2005;
p ¼ 0.1118). Within the de novo skin cancer group,
the incidence of squamous cell carcinoma (SCC)
increased from 4.0% to 5.9%, and the incidence of
basal cell carcinoma from 3.1% to 3.5%, both of
which were statistically significant (p < 0.05).
Within the de novo non-skin solid cancer group, the
most frequent malignancies were prostate cancer
(1.4% in 2006 to 2011 and 1.3% in 2000 to 2005) and
lung cancer (1.0% in 2006 to 2011 and 1.1% in 2000
to 2005).

TIME TO NEW DIAGNOSIS OF MALIGNANCY AFTER

TRANSPLANT. Given the change in the cumulative
incidence of malignancy, we were interested to
know whether the time from transplant to diagnosis
differed between transplant eras. For any malig-
nancy, the median time to diagnosis was similar
for the 2 eras: 899 days in 2001 to 2005 and
900 days in 2006 to 2011 (p ¼ 0.6605). We also
explored time to malignancy in the 2 eras between
the different malignancy subgroups and found
no significant differences according to malignancy
type (Figure 1).

SURVIVAL ANALYSIS. For all types of cancer, sur-
vival rates of patients after de novo malignancy were
markedly lower than those of patients without ma-
lignancy diagnosed within the median time of cancer
diagnosis for the respective cancer types (Figure 2).
All comparisons of patient survival rates between
those who developed a malignancy between years 1
and 5 (using time at cancer diagnosis as time zero)
and those who did not develop a malignancy (desig-
nating time zero as the median time to diagnosis in
the former group) were statistically significant. When
the patient survival rates after malignancy develop-
ment were stratified according to transplant era,
higher survival was seen in the more recent era, but



FIGURE 2 Survival After the Diagnosis of De Novo Malignancy Compared With

Survival in Patients Without Cancer
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this finding was not statistically significant for any
malignancy type (Figure 3).

RISK FACTORS FOR POST-TRANSPLANT MALIGNANCY.

Three multivariable proportional hazards models
were used to assess the association between various
potential recipient, donor, and transplant factors and
the risk of developing de novo skin malignancy, non-
skin solid malignancy, and lymphoproliferative dis-
order after heart transplantation.

For skin malignancy, recipient age and transplant
era had large effects, with older recipients and those
undergoing transplantation more recently having a
higher risk of de novo skin malignancy within 5 years
(Table 2). Additional risk factors for the development
of skin malignancy within 5 years of transplant
included larger height, use of interleukin-2 receptor
antagonist or muromonab-CD3 induction, hospitali-
zation between discharge and 1 year post-transplant,
human leukocyte antigen DR mismatches (1 or 2 vs.
0), donor/recipient cytomegalovirus mismatch, use of
azathioprine versus MMF 1 year post-transplant, and
congenital heart disease or retransplant/graft failure
diagnoses versus cardiomyopathy. Similar to skin
cancer, the risk factors for development of non-skin
solid cancer within 5 years included age, more
recent transplantation, height, and hospitalization
between discharge and 1 year post-transplant. Several
additional risk factors were identified that were
unique, including a recipient history of smoking and
the presence of drug-treated systemic hypertension.
Risk factors for the development of de novo lym-
phoproliferative disorders included no cell cycle in-
hibitor use versus MMF or azathioprine versus MMF
use at 1 year follow-up, overweight, negative Epstein-
Barr virus serostatus, hospitalization between
discharge and 1 year post-transplant, and use of
antithymocyte globulin induction.

DISCUSSION

In this cohort of 17,587 adult cardiac transplant re-
cipients from the ISHLT Registry, >10% developed
de novo malignancy between years 1 and 5 after
transplantation, which was in turn associated with a
significantly increased risk of mortality (Central
Illustration). The incidence of de novo malignancy
increased in the recent era (2006 to 2011 vs. 2000 to
2005), with the largest increase seen in skin cancer.
Survival rates of patients after de novo malignancy
were markedly lower than those of patients without
malignancy for all types of cancer. Importantly, the
increased risk of mortality was sizeable even for
patients diagnosed with skin cancer; this finding is
in contrast to the general population, in whom



FIGURE 3 Survival After Report of Malignancy According to Era
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survival after skin cancer is typically favorable.
When the patient survival rates after de novo ma-
lignancy were stratified according to transplant era,
survival rates were higher in the more recent era,
but this finding was not statistically significant for
any malignancy type. Multivariate analysis revealed
that primarily older recipients and patients who
underwent transplantation more recently had a
higher risk of de novo skin cancer and non-skin
solid cancer.

Skin cancers account for >40% of malignancies in
organ transplant recipients, and they include SCC,
basal cell carcinoma, and melanoma (13). The risk for
the development of non-melanoma skin cancer is
known to increase >10-fold in chronically immuno-
suppressed patients who undergo solid organ trans-
plantation (14). Reduced immune surveillance, the
direct carcinogenic effect of immunosuppressive
agents, and proliferation of oncogenic viruses may
contribute to the development of skin cancer in these
patients. It is well known that the incidence of cuta-
neous SCC increases with the duration and degree of
immunosuppression (15–18). Chronic immunosup-
pression may increase the incidence of cutaneous SCC
and, to a lesser extent, basal cell carcinoma. In the
United States, approximately 20% of heart transplant
recipients will develop skin cancer within 10 years af-
ter transplantation. It is therefore plausible that more
vulnerable older recipients and the more intensified
immunosuppression in recent years may have precip-
itated the increase in the incidence of de novo skin
cancer, including SCC. The risk of malignancy is of
increasing concern because early survival continues to
improve in heart transplant recipients, and malig-
nancy becomes relatively more important than other
causes of morbidity andmortality with increasing time
post-transplant (19). In addition, as an increasing
number of older patients receive heart transplants
(20,21), including after mechanical circulatory
support, this population may be particularly vulner-
able (22).

Another possible explanation for the increased
incidence of de novo solid malignancies in the
recent era, especially for skin cancer, can be found
in the increasing incidence of skin cancer in the
general population. Because cutaneous SCC and
basal cell carcinoma are not typically reported to
cancer registries, the exact incidences of these ma-
lignancies are unknown. However, recent studies
revealed that the incidence of non-melanoma skin
cancer, including SCC and basal cell carcinoma, is
increasing worldwide (23–27). Although skin cancer in
the general population exhibited a high and stable
survival rate in 2006 to 2011 (27), the survival rate of



TABLE 2 Multivariable Analysis of Factors Associated With Development of Malignancy Between Years 1 and 5 After Transplant

Factor AHR (95% CI) p Value

Skin cancer
(no. of events ¼ 1,235)

Recipient age: linear þ quadratic terms — <0.0001

Transplant era: 2006–2011 vs. 2000–2005 1.70 (1.51–1.91) <0.0001

Induction: OKT3, yes vs. no 1.43 (1.10–1.87) 0.0077

Recipient sex: female vs. male 0.61 (0.48–0.78) <0.0001

Recipient height: linear þ quadratic terms — 0.0001

Recipient diagnosis group

CHD vs. cardiomyopathy 1.72 (1.00–2.95) 0.0497

Other vs. cardiomyopathy 1.34 (0.92–1.98) 0.1313

Retransplant/graft failure vs. cardiomyopathy 1.56 (1.03–2.35) 0.0359

Valvular heart disease vs. cardiomyopathy 0.81 (0.53–1.23) 0.3148

CAD vs. cardiomyopathy 1.06 (0.93–1.20) 0.3719

Cell cycle inhibitor at 1-yr follow-up

None vs. MMF 0.88 (0.72–1.08) 0.2096

AZA vs. MMF 1.37 (1.07–1.75) 0.0124

Donor/recipient CMV mismatch: yes vs. no 1.33 (1.17–1.51) <0.0001

HLA-DR mismatches

0 vs. 2 1.36 (1.10–1.67) 0.0048

1 vs. 2 1.20 (1.06–1.35) 0.0034

Recipient HBV core antibody: positive vs. negative 0.63 (0.44–0.89) 0.0098

Center volume within prior 365 days: linear þ quadratic terms — 0.0069

Recipient maximum most recent PRA: linear þ quadratic terms — 0.0828

Recipient diabetes: yes vs. no 0.84 (0.73–0.96) 0.0084

Hospitalization between discharge and 1-yr post-transplant: yes vs. no 1.15 (1.03–1.29) 0.0132

Induction: IL2RA, yes vs. no 1.15 (1.01–1.31) 0.0289

Recipient EBV serostatus: negative vs. positive 0.85 (0.74–0.98) 0.0224

Non-skin solid cancer
(no. of events ¼ 702)

Recipient age: linear þ quadratic terms — <0.0001

Recipient smoking history >10 pack-yrs: yes vs. no 1.75 (1.49–2.07) <0.0001

Transplant era: 2006–2011 vs. 2000–2005 1.49 (1.28–1.73) <0.0001

Hospitalization between discharge and 1 yr post-transplant: yes vs. no 1.30 (1.12–1.51) 0.0005

Recipient drug-treated systemic hypertension: yes vs. no 1.19 (1.02–1.39) 0.0237

Recipient height: linear term; per 10-cm increase 1.11 (1.02–1.20) 0.0166

Recipient diagnosis group

CHD vs. cardiomyopathy 1.40 (0.66–3.00) 0.3799

Other vs. cardiomyopathy 0.70 (0.36–1.37) 0.2977

Retransplant/graft failure vs. cardiomyopathy 1.58 (0.92–2.71) 0.0983

Valvular heart disease vs. cardiomyopathy 1.04 (0.64–1.70) 0.8728

CAD vs. cardiomyopathy 0.94 (0.79–1.10) 0.4241

Cell cycle inhibitor at 1-yr follow-up

None vs. MMF 1.06 (0.82–1.36) 0.6810

AZA vs. MMF 1.31 (0.97–1.77) 0.0820

Continued on the next page
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patients who underwent cardiac transplants and were
diagnosed with de novo skin cancer was markedly
lower, however, than that of cardiac transplant
patients without skin cancer in our study.

Recently, Acuna et al. reported that SOTRs are at
increased risk of cancer-specific death, regardless of
age, sex, organ transplanted, or transplant period,
which could serve to justify pursuing targeted
cancer screening in these patients (28,29). However,
controversy still exists about such targeted cancer
screening programs, owing to the reduced life
expectancy and competing causes of death in these
patients (30). Although there are some established
recommendations for cancer screening in SOTRs, rec-
ommendations vary among organizations and are
generally limited to kidney recipients. Although there
is consensus on the recommendations for skin cancer
screening in the general population, and these recom-
mendations extend to SOTRs, recommendations for
screening in other malignancies are highly variable.

ISHLT guidelines recommend that cardiac trans-
plant recipients have close skin cancer surveillance,
including education on preventive measures and
yearly dermatologic examinations. Recommendations
regarding screening for breast, colon, and prostate
cancer in the general population should also be



TABLE 2 Continued

Factor AHR (95% CI) p Value

Lymphoproliferative disorders
(no. of events ¼ 158)

Cell cycle inhibitor at 1-yr follow-up

None vs. MMF 3.11 (2.08–4.65) <.0001

AZA vs. MMF 1.72 (0.93–3.18) 0.0816

Induction: ATG, yes vs. no 1.76 (1.02–3.03) 0.0423

Hospitalization between discharge and 1 yr post-transplant: yes vs. no 1.72 (1.24–2.38) 0.0011

Recipient EBV serostatus: negative vs. positive 1.61 (1.13–2.28) 0.0083

Working at 1-yr post-transplant 0.49 (0.32–0.73) 0.0005

Recipient weight: linear þ quadratic terms — 0.0043

Recipient BMI: linear þ quadratic terms — 0.0609

Center volume within prior 365 days: linear þ quadratic terms — 0.0619

Recipient age: linear þ quadratic terms — 0.1560

Transplant era: 2006–2011 vs. 2000–2005 0.96 (0.67–1.35) 0.7970

Recipient diagnosis group

CHD vs. cardiomyopathy 1.50 (0.53–4.24) 0.4475

Other vs. cardiomyopathy 1.16 (0.42–3.21) 0.7713

Retransplant/graft failure vs. cardiomyopathy 2.00 (0.80–5.01) 0.1391

Valvular heart disease vs. cardiomyopathy 1.00 (0.31–3.20) 0.9996

CAD vs. cardiomyopathy 1.21 (0.85–1.73) 0.2958

ATG ¼ antithymocyte globulin; AHR ¼ adjusted hazard ratio; AZA ¼ azathioprine; BMI ¼ body mass index; CAD ¼ coronary artery disease; CHD ¼ congenital heart disease;
CI ¼ confidence interval; CMV¼ cytomegalovirus; EBV¼ Epstein-Barr virus; HBV ¼ hepatitis B virus; IL2RA¼ interleukin-2 receptor antagonist; MMF¼mycophenolate mofetil;
OKT3 ¼ muromonab-CD3; PRA ¼ panel reactive antibody.
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followed in cardiac transplant recipients (31). In addi-
tion, it is recommended that chronic immunosup-
pression be minimized where possible, particularly in
patients at high risk formalignancy. Some data suggest
that higher recipient age is strongly associated with
increased risk of death from infection and malig-
nancy, whereas it is associated with reduced risk of
death from acute rejection, cardiac allograft vascul-
opathy, and graft failure (32). In addition to reduction
of chronic immunosuppression, it would seem that
avoidance of immunosuppression induction in pa-
tients at high risk of de novo malignancy after
transplant would be advisable. However, there have
been few efforts to systematically tailor immuno-
suppression according to age or cause-specific
morbidity and mortality risk.

Considering the increased burden of de novo ma-
lignancy in cardiac transplant recipients, additional
effort needs to be directed toward formulating
evidence-based cancer screening recommendations
and optimized immunosuppression protocols for these
patients. Relevant stakeholders, including oncolo-
gists, primary care physicians, and public health ex-
perts, as well as transplant cardiologists and
immunologists, might be involved in the formulation
of screening recommendations. In addition, it may be
reasonable to consider the risk of de novo post-
transplant malignancy in older patients when making
decisions regarding candidacy for heart transplant
versus left ventricular assist device as destination
therapy.

STUDY LIMITATIONS. There is no guideline or
consensus statement available to direct cancer sur-
veillance methods after heart transplantation.
Therefore, cancer surveillance methods might have
varied according to each institution’s strategies.
Second, we could not verify the detailed information
regarding the stage, subtypes, and treatment of in-
dividual malignancies, as well as the ethnicity of the
recipients, due to limitations of the ISHLT Registry
data. Finally, we also could not confirm the detailed
underlying mechanisms of the increased incidence of
de novo malignancy in this study. We cannot rule out
that the increased incidence of cancer in the most
recent cohort of heart transplant recipients resulted
from better cancer screening in these patients. How-
ever, even if this scenario is the case, the implications
of our study do not change, as the survival of patients
with malignancy, including skin cancer alone, still
remains far below the survival of those without can-
cer, even in the more recent patient cohort.

CONCLUSIONS

This large international registry study documents
the risk of a wide spectrum of de novo malignancies
and temporal trends in malignancy incidence after
heart transplantation. More than 10% of recipients
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developed de novo malignancy between years 1 and
5 after transplantation, which resulted in a signifi-
cantly increased risk of mortality. Based on our
findings, further research is necessary to investigate
the best approaches for prevention and early detection
of de novo malignancy. Individualized immunosup-
pression and intensified cancer screening, especially
for skin cancer, should be studied to determine
whether these approaches can reduce the adverse
outcomes of post-transplantation malignancy.
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COMPETENCY IN MEDICAL KNOWLEDGE: Heart

transplant recipients are at increased risk of developing

de novo malignancies, and those who develop malignancy

face significantly shortened survival.

TRANSLATIONAL OUTLOOK: Further studies are

needed to develop individualized immunosuppression

strategies for heart transplant recipients to reduce the

frequency of de novo malignancies and improve survival.
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