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Abstract: Background: Heart transplantation and malignancy connect in several ways. Cancer can be an incidental 
finding, cancer treatment can also be the cause of end-stage heart failure, for which heart transplantation is necessary or 
malignancy can occur after transplantation, because of immune suppression. 

Methods: This is a database search on Web of Science from 2010 on, with the term “heart transplant* AND (cancer OR 
malignancy)”. This resulted in 3767 titles.  

Results: Eight articles contained sufficient information about survival. In most series, a history of pre-transplant 
malignancy (PTM) did not affect survival, except for hematologic malignancy or short cancer-free pre-transplant interval. 
Other patient-related factors were usually more important. The effect of PTM on the rate of post-transplant malignancy 
followed a comparable pattern. In patients with chemotherapy-related cardiomyopathy, other causes than malignancy 
were more important.  

Conclusions: Outcome for heart transplantation in patients with PTM is acceptable in terms of survival, and occurrence 
post-transplant malignancy. An appropriate PTM-free interval of two to five year seems necessary. Hematologic PTM 
have a worse outcome. Although the limitations of this review warrant caution with the interpretation of its results, 
increased post-transplant screening for malignancy and of use of proliferation signal inhibitors, due to their antineoplastic 
activity, could be cornerstones of the management of these patients.  
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INTRODUCTION 

Malignancy and orthotopic heart transplantation 
(OHT) have several connections. First, many patients, 
needing OHT have shared risk factors for heart disease 
but also for cancer. This is due to a certain lifestyle. 
The incidence of pre-transplant malignancy (PTM) can 
be 3% [1] or more [2]. Second, treatment of cancer by 
chemotherapy such as anthracyclines [3-7] cause 
damage of the cardiomyocytes and can result in 
chemotherapy-related cardiomyopathy (CCMP). This is 
especially true for pediatric patients, in whom this type 
of treatment is used [8]. In spite of preventive 
measures, end-stage heart failure (ESHR) might 
develop in 2 to 4% of these patients [3], for whom OHT 
is the only option to alter its natural course [9]. Since 
the number of cancer survivors increases, the number 
and the relative rate of candidates for OHT with such 
history is also on the rise, and this can be over 5% [10]. 
This is partly because improved detection [3, 5, 9]. 
Serious comorbid conditions such as a PTM could limit 
post-transplant survival or prohibit an adequate 
immune suppression. For this reason, PTM was a  
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relative contraindication to transplantation for a long 
time [10, 11]. This view is shifting and this has its 
importance for young adult and pediatric patients 
considered for OHT who would have otherwise a long 
life expectancy because of improved cancer treatment 
[3-5, 8]. Third, post-transplant malignancy is a 
consequence of immune suppression and remains a 
major cause of post-OHT, mortality [10, 12-14], 
especially with increasing duration of follow-up [15, 16], 
without reaching a plateau [16]. The incidence of 
malignancy after OHT is high [11, 12, 14, 17], 
compared to other organs transplants. In European 
series, this could reach 30% at about 9 year follow-up 
and could be responsible for more than 20% of the 
fatalities after OHT [12]. The type and the dose of 
immune suppressing regimens play an important role 
herein [15]. The scope of this review deals mainly with 
the effect of pre-transplant malignancy on post-OHT 
outcome. The following research questions are 

• what is the effect of PTM and of CCMP on 
survival after OHT 

• what is their effect on the rate of post-transplant 
malignancy  

The outcome could alter the management of this 
difficult patient group.  
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1. MATERIALS AND METHODS 

This was a database search on Web of Science 
from 2010 on, with the term “heart transplant* AND 
(cancer OR malignancy)”. This rather simple MeSH 
term allowed a search for a broad scope of articles. 
Laboratory experiments, animal experiments, 
transplantation other than OHT, organ transplant in 
general (unless results of OHT were investigated 
separately), cases, reviews, meeting abstracts, primary 
cardiac tumors, outcome not being mortality/post-
transplant malignancy, skin cancer as sole outcome 
were excluded, as well as reports about radiation heart 
disease since this is another condition with a different 
outcome. This resulted in 3767 titles. The first round of 
selection was on title and on abstract dealing with 
clinical series dealing with OHT and including pre-
transplant malignancy. Ninety-three articles were 
eligible for full-text screening. 

2. RESULTS 

Eight articles were included, which dealt with the 
effect of pre-transplant malignancy on outcome after 
OHT (shown in Table 1). All studies were observational 
and of retrospective nature. These series compared 
patients with PTM versus patients without PTM, except 
for one, in which different intervals between PTM and 
OHT were studied [1]. In one series, the effect of 
hematologic PTM was investigated separately [10].In 
almost all series, the patient group with PTM was much 
smaller, compared to those without PTM. This 
indicated that PTM is relatively rare. Except for one 
series [1], all studies were derived from large 
databases (such as United Network for Organ Sharing 
or UNOS), often linked with cancer databases. Two 
series were paediatric [4, 8] and three series compared 
OHT for CCMP versus OHT for other reasons [3, 5, 8]. 

Table 1: Survival after Heart Transplantation 

Author (ref) Group Age N° Incl period 1y-surv 2y-surv 3y-surv 5y-surv 10y-surv p-value 

Fernandez 2010 (9) no PTM 53 583 1991-2009 82%  76% 70%   

 PTM 53 12 IBID 75%  75% 56%  0.70 

Sigurdardottir 2012 (1) PTM >5y <40 24 1983-2011 100%* 90%* 73%* 72%* 58%*  

 PTM 1-5y <40 18 IBID 82%* 80%* 78%* 78%* 38%* 0.93 

 PTM <1y <40 71 IBID 80%* 68%* 58%* 55%* 32%* 0.043 

Beaty 2013 (10) no PTM 55 18586 2000-2011 88%* 84%* 78%*   73%*    

 other PTM 55 961 IBID 88%* 80%* 76%* 72%*  NS 

 hem PTM 55 146 IBID 78%* 72%* 72%* 69%*  <0.01 

Shah 2013 (4) no PTM 7 7062 1987-2011 84,4%   73,8% 57,7%   

 PTM  12 107 IBID 90,6%   80,3% 65% 0.18 

Delgado 2016 (11) no PTM 54 4484 1984-2010 93%   79% 65%   

 PTM about 60 77 IBID 95%    74% 51% 0.048  

Bock 2017 (8) no CCMP 12 136 1993-2014 92%   80%   

 CCMP 12 62 IBID 92%   74%  0.37 

Oliveira 2012 (3) no CCMP 49 8890 2000-2008 87%  81% 74%   

 CCMP 46 232 IBID 86%  79% 71%  0.19 

Lenneman 2013 (5) no CCMP 44 51312 1987-2011 87%*  85%*  82%* 75%*  58%*    

(adjusted)  CCMP 44 453 IBID 91%*  88%*  85%*  83%* 67%* 0.026  

“(not adjusted)“ no CCMP 52 51312 IBID 85%*  83%*  78%*  72%* 54%*    

 CCMP 52 453 IBID 88%*  84%*  80%*  74%*  57%*   0.198 

Legend: CCMP: chemotherapy-related cardiomyopathy; hem: hematologic; incl.: inclusion; N°: number; NS: not significant; PTM: pre-transplant malignancy; surv: 
survival; y: year; percentages indicated with * are estimations, derived from survival curves, percentages without asterisk, are derived from tables in the referred 
articles. 
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2.1. Mortality  

Some articles did not give survival rates as a 
percentage but offered curves for freedom of mortality 
(the non-parametric Kaplan-Meier curve), which 
indicated these percentages with some accuracy [1, 5, 
10]. In these series, the p-value is important to 
demonstrate the effect of PTM on outcome after OHT. 
The three articles dealing specifically with OHT for 
CCMP showed that post-transplant survival was not 
lower in patients who received OHT for CCMP. 
Reasons for this observation were young age, lower 
BMI and fewer comorbid conditions [3, 5, 8]. Two 
series were of pediatric nature [4, 8]. Another series 
dealt with the effect of the preoperative interval 
between malignancy and OHT for any ESHF on post-
transplant survival, but made no comparison with 
patients without a history of PTM. This series showed 
that with shorter interval, postoperative survival 
decreased significantly [1]. Overall, six of the eight 
articles could not demonstrate a significant difference 
in post-transplant survival between patients with and 
without a PTM [3-5, 8-10]. However, the series 
investigating the effect of hematologic PTM on post-
transplant outcome separately showed that this type of 
PTM resulted in a significantly worse post-transplant 
survival and this effect was larger than any 
demographic or comorbid factor, except for new onset 
dialysis [10]. Only in one series, patients with PTM had 
a decreased survival, but this became only evident 
after 5 years, and only in a univariate analysis [11]. 

In five manuscripts [3, 5, 8, 10, 11], a multiple 
regression analysis was performed. This showed the 
predictors for survival after OHT. The predictors for 5-
year mortality after OHT were new onset dialysis (as 
most important, with a hazard ratio of 4.18). Of the 
different types PTM, only hematologic malignancies 
were predictive (with a hazard ratio of 1.65 and 
p<0.01). Other demographic and comorbid conditions 
were less important or not significant [10]. Another 
series could not identify PTM as predictor, even not 
after adjustment for gender and era, although male 
gender and era before 1993 were predictive [11]. In a 
pediatric series of patients with CCMP, listing in earlier 
era, need for a ventricular assist device and female 
gender were predictors for mortality after OHT, but 
CCMP was not [8]. A second series exploring the effect 
of CCMP on outcome confirmed this observation at 1 
and at 5 years after OHT [3]. Remarkably, adjustment 
for age, gender and a history for PTM by the Cox 
proportional hazard regression model showed better 
post-OHT results for the CCMP group. A few patients 

with PTM, however, were also part of the non-CCMP 
group. Obviously, their cancer treatment has not lead 
to the development of CCMP [5]. Overall, four out of 
five series showed that post-transplant survival of 
patients with a history of PTM or CCMP had not 
decreased. Two remarkable designs dealt with prior 
malignancy, present in cadaveric donors [18,19]. 
Although presence of such malignancy was a predictor 
for 10-year survival in the first series, this effect 
disappeared after propensity score matching or after 
conditioning upon 1-year post-transplant survival. 
Factors unrelated to malignancy were of more 
importance [18]. In the other series, a history of 
hematologic and otorhinolaryngologic malignancy in 
donors seemed more a problem for OHT in terms of 
graft and patient survival. This was not the case for 
other donor malignancies [19]. These series indicate 
that with careful risk analysis for every donor, the organ 
pool for transplant expansion is possible.  

2.2. Post-Transplant Neoplasms  

Only in three series, the incidence of post-transplant 
malignancy and the survival were presented [1, 4, 12]. 
The series comparing the effect of three different 
intervals between malignancy and OHT showed that 
with an interval of 5 year or more, incidence of post-
transplant malignancy is also low if compared, to 
smaller intervals. However, the curve of survival was 
steeper that of freedom of post-transplant malignancy 
in the 5-year interval, while in the smaller intervals, 
survival and freedom of post-transplant malignancy 
were more resembling. This indicates that death due to 
post-transplant malignancy is not dominant in the group 
with an interval of >5 years, while it plays a larger role 
in the group with smaller intervals, which can be 
expected [1]. In one of the pediatric series, incidences 
of post-transplant malignancy remained low, and 
survival after one and 5 year was high. This was the 
only series in which rate of post-transplant malignancy 
and survival were studied at the same time [4]. Another 
series showed a gradual increase of post-transplant 
malignancy for patients with and without PTM, but 
without significant differences. Data about survival are 
lacking [12]. Of the three series studying the effect of 
CCMP [3, 5, 8] only one showed a higher rate of post-
transplant malignancy and infections, but a comparable 
survival rate [3]. Both other series showed comparable 
and low rates of post-transplant malignancy [5, 8]. 

In one pediatric series, the rate of post-transplant 
malignancy was higher (13%, with 5.6% de novo mali- 
gnancy and 5.6% post-transplant lymphoproliferative 
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disease or PTLD) in the group with PTM, compared to 
the group without PTM (5.4%, p=0.001). In patients 
with PTM, post-transplant malignancy occurred earlier, 
but the survival was similar [4]. In another pediatric 
series, infection as cause of death was 30% in the 
CCMP, while no deaths were due to malignancy [8]. 
Two adult series studied the effect of CCMP (with 
mainly hematologic malignancies and breast cancer as 
PTM) on outcome. In one series, post-transplant 
malignancy rate was higher in the PTM group (5% v. 
2%, with p=0.006). This was also true for infection 
(22% v. 14%, p=0.004), but neither affected survival at 
1y or at 5y [3]. The other series offered no data for 
post-transplant malignancy, only the observation that 
death because of malignancy was comparable for both 
groups and of less importance compared to other 
causes [5]. In one series the incidence of post-
transplant malignancy was 1.8 times greater (p<0.00[), 
and this was 2.3 times higher in patients with 
hematologic PTM [11]. The effect of the hematologic 
nature of PTM in the UNOS based study is in line with 
this observation [10]. Hematologic malignancies have a 
genomic instability with an increased tendency to 
accumulate mutations with each mitosis [11]. In the 
exploration for the effect the pre-transplant cancer-free 
interval, the freedom from post-transplant recurrence 
for each group showed a parallelism with post-
transplant survival: with shorter pre-transplant cancer-
free interval, the recurrence of malignancy increased 
drastically (63% for the group with interval <1y; 23% for 
the group of 1 to 5 y and 6% for the group with interval 
>5y). Mortality because of post-transplant malignancy 
also increased drastically with shorter cancer-free pre-
transplant intervals [1].). One series showed that 
hazard ratio of PTM on post-transplant malignancy was 
1.5, but this was not significant [16]. Another series 
showed a significant difference in this respect (1/96 v. 
1/14) but the absolute numbers were very low and 
other factors such as the type of induction treatment 
should be accounted for [14]. Interestingly, one series 
showed that skin cancer was by far the most common 
post-transplant malignancy, followed by lung cancer, 
prostate cancer and PTLD. Overall, PTM increased the 
risk for overall post-transplant malignancy. Post-
transplant skin malignancy was significantly higher with 
a history pre-transplant skin malignancy (2.79 times) 
and pre-transplant solid malignancy (1.55 times). Solid 
PTM, however, had no effect on the incidence of post-
transplant solid malignancy. There were no data for 
mortality [12]. Overall, the effect of PTM on post-
transplant malignancy is mixed. However, short cancer-
free pre-transplant period and hematologic nature of 

PTM indicate an increase in post-transplant 
malignancy.  

2.3. Causes of Death  

In smaller to medium sized series, there were no 
recurrences of PTM. None of the post-transplant 
fatalities was due to PTM [8, 9]. In two CCMP groups, 
graft failure, acute rejection and infection were much 
more important for mortality than post-transplant 
malignancy [3, 8]. In the third CCMP group, 
cardiovascular causes of post-transplant mortality were 
the largest for those with and without CCMP. Death 
from malignancy was the same for both groups [5]. A 
larger series showed that causes of death in the PTM 
patients was 32.1%. For patients without PTM, this was 
lower (21.3%) but not significantly different [11]. 
However, in one series, the pre-transplant cancer-free 
interval played a role: there were 50/111 deaths with a 
cancer-free pre-transplant interval of less than a year. 
Death because of malignancy was 14/24 (or 58%, with 
recurrence rate of malignancy of 63%), for the interval 
between 1 and 5 year, this was 3/18 (17%, with a 
recurrence rate of 26%) and for the interval of over 5 
year, this was 3/69 (4%, with a recurrence rate of 6%). 
These figures clearly indicate the importance of this 
interval [1]. One pediatric series compared the group 
with and without PTM for the effect of post-transplant 
malignancy on survival. This survival was similar [4]. 
The type of post-transplant malignancy had an effect 
on mortality: for cutaneous cancer, mortality was 9% 
with a median survival of 13.1 years; for non-cutaneous 
malignancy, mortality was 76% with a median survival 
of 2.9, which was significantly lower [16]. 

3. DISCUSSION 

Mortality 

The majority of the included manuscripts showed 
that the presence of PTM did not affect post-transplant 
survival in a significant way [3-5, 8, 9]. One series 
showed that post-transplant survival was only lower if 
these were hematologic in nature and only after 1 year, 
but not at 5 years. The presence of other types of PTM 
had no such effect. The authors separated lung 
transplant patients clearly from OHT patients, which 
made the study of the latter more adequate [10]. One 
series showed a significantly worse survival after OHT 
in patients with PTM but only after 5 years [1]. One 
series compared cancer free intervals before OHT for 
their effect on survival. Patients were without PTM 
were not included. Nevertheless, patients with a 
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cancer-free interval of more than 5 years had a post-
transplant survival comparable to the survival of 
patients without PTM from the other series. Two thirds 
of the patients received OHT, the remaining patients 
received lung transplantation but both groups were 
analyzed together [1]. From these data, it is clear that 
hematologic PTM and PTM with short cancer-free 
interval result in worse outcome after OHT. The effect 
of the cancer-free pre-transplant interval is in line with 
the observations made for conventional cardiac 
surgery, such as CABG [20]. The multivariate analysis 
confirmed that the effect of PTM on post-transplant 
survival was largely not significant: in one series, 
hematologic PTM was the sole malignancy, which had 
a predictive effect [10]. Other factors such as need for 
mechanical circulatory support, comorbid conditions, 
gender, and transplant era were significant. 

Recurrences of Neoplasms and Causes of Death  

Post-transplant malignancy was higher in the PTM 
group in most series [4, 12], especially with short 
intervals [1] and hematologic PTM [11] except in one 
adult CCMP series [3]. The effect of the hematologic 
nature on this outcome could be replicated [1]. In the 
series focusing on the post-transplant malignancy, 
PTM had no significant effect, although the hazard ratio 
was just over 1.5 [16]. Some series had very low 
numbers [1, 9, 14]. Therefore, the results of small 
series warrant caution. Nevertheless, most series show 
a comparable survival after occurrence of post-
transplant malignancy in both groups with and without 
PTM [3-5, 8, 9], but not with short interval [1] or with 
non-skin malignancy [16]. What is the safe interval to 
perform OHT in patients with a previous malignancy? 
One smaller series seems to indicate 5 years [1], which 
is also the case in more commonly performed cardiac 
surgery [20]. This is in line with the ISHLT listing criteria 
[21]. The type of tumor plays an important role. One 
should also be aware of incidentally or unexpectantly 
found cancers.  

Immune Suppressing Regimen as Confounder  

Only a few series analyzed the effect of immune 
suppression [11]. Continuous improvement of immune 
suppressing regimens during the long patient inclusion 
times could confound the effect of PTM on the post-
transplant outcome. An example are the proliferation 
signal inhibitors (or inhibitors of mammalian target of 
rapamycin – mTOR), which were recently introduced 
and have antineoplastic properties [1], thereby 
reducing the risk for cancer after OHT. Induction 

treatment, such as anti-CD3 monoclonal 
antibodiesOKT3 / anti-thymocyteglobulin, as preventive 
measure against early rejection also increased the risk 
for post-transplant malignancy, but this is not a 
universal observation [17]. Induction with Interleukin-2-
receptor blocking monoclonal antibodies had no such 
effect [17, 11]. One series shows an increase in use of 
mofetilmycophenolate, tacrolimus, induction with 
daclizumab, antiviral prophylaxis and a decrease in use 
of cyclosporine, azathioprine, induction with OKT3 in 
the periods 1991-2000 v. 2001-2010. At the same time, 
they observed a decrease in post-transplant 
hematologic malignancies [15]. Replacing azathioprine 
by mofetilmycophenolate [16] and calcineurin inhibitors 
(cyclosporine and tacrolimus) by mTOR inhibitors as 
maintenance immune suppression reduced the rate of 
post-transplant malignancies [22]. Use of these 
proliferation signal (or mTOR) inhibitors such as 
sirolimus and everolimus have their main advantage as 
preventive measure, and less as rescue approach [23].  

Management Options for Patients with PTM  

These results indicate that OHT is an appropriate 
treatment for end-stage heart failure, even in presence 
of PTM. If the interval is short or if the PTM is 
hematologic in nature, survival after PTM is worse. 
However, OHT in patients with CCMP shows excellent 
results. This is probably due to favorable demographic 
profile and low comorbidity. Because of an increased 
rate of post-transplant malignancy in some series, a 
regular and thorough check-up is warranted in these 
patients. The newer proliferation signal inhibitors, which 
show an antineoplastic behavior should be used at the 
start of the immune suppressing regimens. This seems 
superior compared to a rescue approach, once a post-
transplant malignancy has developed.  

4. LIMITATIONS  

All series were retrospective with inherent risks for 
bias. The papers included in the table were 
inhomogeneous. This inhomogeneity included following 
items.  

- Designs differ because of different pre-transplant 
factors were not uniformly included (such as 
need for mechanical circulatory support, need for 
inotrope medication, time on transplantation list, 
race, comorbid conditions, serology of oncogene 
viruses)  

- Multivariate analysis was not used in all series  
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- Large databases do not always provide clinically 
relevant information about PTM, such as cancer 
treatment modalities and cancer-free interval 

- Large databases cannot make the distinction 
between recurrent and “de novo” malignancy  

- Some series have small numbers of patients with 
PTM, and should be interpreted cautiously  

- The time of patient inclusion varied between 8 
and 28 years. With the improving immune 
suppressing regimens, this makes comparison 
between series, but also within series more 
difficult.  

- Two series were single center and six were 
based on registries and databases with risk for 
incomplete registration and coding errors  

- Two series were pediatric and six were adult 
(excluding patients under 17 of 18 years)  

- Five series investigated the effect of PTM on 
outcome without distinction of CCMP, although 
authors sometimes presented the indications for 
OHT. Dilated cardiomyopathy was sometimes 
presented as one group. Three series studied 
the effect of CCMP (which are by definition 
patients with a history of PTM) on outcome, but 
with a small number of PTM in the non CCMP 
group 

- Three authors offered survival curves, without 
specific percentages. These percentages had to 
be estimated. However, the p-values 
strengthened the message.  

- Authors did not always distinguish relapses of 
PTM and occurrence of “de novo” malignancies.  

- Post-transplant malignancy rates and post-
transplant survival were rarely studied in on and 
the same series.  

- Except for some remarks of hematologic 
malignancies and skin cancer, no detailed 
analysis was performed for different types of 
malignancy in most series.  

5. CONCLUSIONS 

Although there are some discrepancies between in 
results of the included articles, outcome for OHT in 
patients with PTM is acceptable in terms of survival, 

relapse of PTM and “de novo” malignancy. However, 
post-transplant malignancy has some effect on survival 
after OHT. An appropriate PTM-free interval of two to 
five year seems desirable, but this cannot always be 
achieved. Hematologic PTM have a worse outcome. 
Post-transplant skin cancers have little impact on 
survival. With the introduction of proliferation signal 
inhibitors, results have improved, due to their 
antineoplastic activity.  
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PTM:  pre-transplant malignancy 

UNOS: United Network for Organ Sharing 
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