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Abstract
The continuing improvements in heart transplant (HT) outcomes have increased the risk of developing 

complications, such as post-transplant malignancy (PTM). Our aims are to focus on the incidence and risk factors 
in PTM in heart transplant recipients and compare with other solid organ transplantations (SOT). In 20 publications 
analyzed, the incidence of PTM in individuals undergoing SOT ranges from 4.1% to 16.3%, representing a 2 to 
4-fold overall increased risk of cancer over the general population. It seems that the incidence of cancer risk is
probably higher in HT than SOT recipients. Cutaneous carcinomas, post-transplant lymphoproliferative disorders
(PTLD), carcinomas of lung and liver represent the four most common malignancies in this specific post-transplant
population. It is also evident that the risk factors in developing PTM in HT recipients include immunosuppressive
therapy, viral infection, older age, tobacco smoking, and unprotected sun-exposure. Transplant physicians should
probably increase the threshold of attention for cancer risk surveillance in addition to anti-rejection therapy for graft
survivals.
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Introduction
Solid organ transplantation (SOT) is a mostly unavoidable and 

extremely viable treatment modality for patients with end-stage organ 
disease, and outcomes of SOT have improved dramatically over the 
past few decades [1]. Since the first successful human heart transplant 
(HT) performed in 1967 [2], heart transplants have become the third 
most common organ transplant operation in many transplant centers 
[3,4]. 

The continuing improvements in HT outcomes have increased 
the number of patients receiving and living with HT who are at risk 
of long-term transplant complications. Post transplant malignancy 
(PTM), along with graft vasculopathy, are the two major long-term 
complications and causes of death following HT. Excess risk of cancer in 
HT is largely due to immunosuppression and infection with oncogenic 
viruses, with a spectrum of tumors similar to the range observed in 
human immunodeficiency virus (HIV) infection [5-7].

Previous population-based studies have not included skin cancers 
[3,4], which are important drivers of transplant recipient cancer risk [8]. 
To understand better the emerging epidemic of malignancies following 
HT, we reviewed scientific literature that focused on observational 
epidemiologic studies of incidence, and risk of malignancies following 
HT and compared with those in SOT. 

Methods
The investigators independently identified eligible studies through 

searches of National Library of Medicine Medline/PubMed and 
reference lists of publications from relevant and review articles for 
additional studies. 

The following criteria were included for selecting publications:

1. Search terms and keywords: solid organ transplantation,
heart transplantation, malignancy post transplant, and post-
transplantation lymphoproliferative disorders.

2. Inclusion criteria: data from 1980 on English language, adult

and studies of >100 subjects or large centre or national studies. 
Organs (heart, lung, liver, kidney).

3. Exclusion criteria: transplants of stem cells, bone marrow,
bones or intestine, clinical trials cohorts, and studies of cancer
therapy

PTM tumors were classified into three groups: 1. Skin malignancy, 
including Kaposi’s sarcoma (KS), 2. Hematolymphoid malignancy 
(HLM) including post transplantation lymphoproliferative disorders 
(PTLD), and 3. Other (non-cutaneous non-hematolymphoid 
malignancy, NCNL)

Results
Transplant recipients and cancer risk

In nine population-based studies including over 400,000 SOT 
(heart, liver, lung and kidney) recipients recorded, the incidence of 
posttransplant malignancy ranged from 4.1% to 16.3%, and a 2 to 
4-fold overall increased risk of cancer over the general population was
observed [3,8-10]. HT represented 10% of the solid organs transplanted, 
and the incidence of cancer risk was probably higher in HT than SOT
allograft recipients. Almost all organ sites were reportedly associated
with PTM as cancer of origin, however, cutaneous carcinomas, PTLD,
and carcinoma of lung, liver and kidney represented the five most
common malignancies in these transplant populations (Tables 1 and
2).

In 11 studies of HT, the incidence of post transplant malignancy 
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in HT recipients ranged from 2.3%–27% and skin malignancies 
represented up to 50% of PTM (Table 2). Squamous cell carcinoma 
(SCC) predominated over basal cell carcinoma, reversing the proportion 
of skin malignancies seen in the general population [23]. Squamous 
carcinomas of PTM behaved more aggressively and more likely to have 
increased number of primary tumors, deep tissue spread, perineural 
and lymphatic invasion and recurrence [11,13]. An infectious etiology 
may contribute to the increased aggressiveness of nonmelanotic skin 
cancers. Significantly, higher levels of human papillomavirus (HPV) 
DNA have been discovered in SCC, and up to 80% of SCC in SOT 
contains HPV DNA [13].

The second most common cancer in HT recipients was PTLD 
(Tables 1 and 2). PTLD represent a heterogeneous spectrum of 
abnormal lymphoid tissue proliferations occurring in SOT recipients. 
Risk elevation was seen in both nodal and extranodal non-Hodgkin 
lymphomas, and risk was highest in the first year after transplant, then 
decreased, and increased again to a plateau beginning at 4-5 years after 
transplant [4]. The higher cancer risk in the first year post-transplantation 
likely resulted from more aggressive immunosuppression in the first 
year to avoid the severe consequences of graft failure due to rejection 
[25]. Epstein-Barr virus (EBV) is also considered a risk factor for the 
development of PTLD in HT recipients. EBV infects the B-cells and 
incorporates into B-cell DNA in latent infections [26]. PTLD occurs 

in the setting of cytotoxic T cells deficiency induced by anti-rejection 
immunosuppression therapy. The reason behind the augmented 
incidence of the lymphomas, mostly diffuse large B cell lymphomas, 
after transplantation as well as the wide range of the incidence rates 
is related to several factors including seropositivity to viral infections 
or seroconversion, and, a particular role is played by the potency of 
pharmacologic immunomodulation. The use of Rituximab has been an 
outstanding achievement in the treatment of these patients.

Posttransplant malignancy risk factors in ht recipients

Individual risk factors associated with a higher risk of developing 
a malignancy post HT included a higher age at transplantation, male 
gender, and an ischemic cardiomyopathy as pretransplant diagnosis 
and aggressive immunosuppressive therapy [27]. The following risk 
factors were identified for cutaneous PTM: skin type, unprotected sun 
exposure, tobacco smoking, and chronic alcoholism; for lung PTM: 
tobacco smoking and chronic alcoholism; and for PTLD: aggressive 
immunosuppressive therapy, and EBV serology.

Discussion
We reviewed and analyzed 20 publications regarding SOT and HT 

studies spanning the continents of America (US, Canada, Argentina), 
Europe (UK, Italy, Spain, Sweden) and Asia (Israel, Taiwan). There 

Type of PTM # of patients with tumors (% incidence)
Reference Organ txpt # pts #HT #PTM Organ site H&N Skin (incl. KS) HLM incl. PTLD NCNL tumor
Sampaio [3] SOT 193,905 - 7,897 (4.1%) - NR 1,645 (20.8%) 6,247(79.2%)

HT 16,511 - 1,073 (6.5%) - NR 172 (16.0%) 901(84.0%)
Engels [4] SOT 175,732 - 10,656 (6.1%) - NR 1,599 (15%) 9057(85%)

HT 17,593 - NR - NR 267(37%) 462(63%)
Serraino [6] SOT 2,875 - 222(7.7%) - KS 39(17%) 42(19%) 141(64%)

HT 682 - 95(14%) - KS 11(12%) 22(23%) 62(65%)
Krynitz [8] SOT 10,476 557 1,610(15.3%) - 668(41%) 173(11%) 769(48%)
Collett [9] SOT 37,617 3609 5,706(15.1) - 3,276(57%) 444(8%) 1986(35%)

Adami [10] SOT 5,931 236 692 (11.6%) - 292 (42%) 61(9%) 339(49%)
Rabinovics [11] SOT 2,817 11 460 (16.3%) 175(6.1%) 163 (93%) NR 12(7%)

Deeb [12] SOT 3,639 NR NR 95(2.6%) 78(82%) NR 17(18%)
HT - NR NR 18 16(21%) NR 2(12%)

Lott [13] SOT - NR - - 193 (2.7%) NR NR
HT - NR 59 - 59 (31%) NR NR

PTM, posttransplant malignancy, txpt transplanted, H&N head & neck, KS Kaposi’s sarcoma, HLM hematolymphoid malignancy, NCNL, non-cutaneous non-lymphomatous, 
SOT, solid organ transplant, HT heart transplant, NR, not reported

Table 1: Incidence of de novo malignancy in SOT recipients.

PTM, posttransplant malignancy, KS Kaposi’s sarcoma, HLM hematolymphoid malignancy, NCNL, non-cutaneous non-lymphomatous, H heart transplant, NR, not reported, 
Lu Lung

Transplant                                                                        Type of PTM # of patients with tumors (% incidence)
Reference Organ # pts # Patients PTM Tumor site Skin (includes KS) HLM incl PTLD NCNL tumor

Kellerman [14] H 851 73(8.6%) - 6(8%) - 67(92%)
Favaloro [15] H 309 11(3.5%) - - 11(100%) -

Alam [16] H 6,271 440(7%) Skin 440(100%) - -
Caforio [17] H 488 51(10%) - NR 17(30%) 34(70%)

Crespo-Leiro [18] H 4,357 102(2.3%) Lu - 102(100%)
Hamour [19] H 399 108(27%) - 52(48%) 40(37%) 16(15%)

Crespo-Leiro [20] H 3,393 639(19%) - 324(51%) 62(10%) 253(39%)
Jiang [21] H 1,703 160(9.4%) - NR 59(37%) 101(63%)
Hsu [22] H 291 17(5.8%) - 3(18%) 7(41%) 7(41%)

Molina [23] H 3,393 324(9.5%) Skin 324(100%) - -
Sanchez-Lazaro [24] H 597 109(18.3%) - 62(57%) 9(8%) 38(35%)

Table 2: Incidence of malignancy in HT recipients including single organ site or tumor types.
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was a 2 to 4-fold increase in risk developing PTM, infection-related 
or unrelated compared with the general population. The types of PTM 
were remarkably similar, but there were distinct variations in risk 
of skin, hematolymphoid and NCNL malignancies in HT and SOT 
recipients. 

Higher risk of cancer overall in HT compared with kidney 
recipients was well recognized and had been attributed to the often 
considerably higher doses of immunosuppressive agents required to 
avoid graft rejection. The risk of cutaneous SCC outranked all other 
cancer risks, and highest estimates observed among HT recipients. 
The risk of lymphomas (especially PTLD), of lung, and liver cancers 
were substantially increased among HT and SOT recipients. The risk of 
malignancy types occurring most frequently in the general population 
was only moderately elevated or not elevated, as seen in colorectal, 
breast, and prostate cancers [8,9].

There were several limitations in the present study. Many of the 
larger studies excluded reporting nonmelanoma skin cancers due to 
underreporting of these cancers in Tumor Registries. Reporting of 
skin cancers may not be complete because some lesions would have 
been removed or ablated without histological confirmation and some 
of the cancer registries did not collect data on basal cell carcinomas. 
The incidence may not have been accurately accounted for in several 
of the large population-based studies, as duplication of reported cases 
might have occurred in studies from several European countries 
(Italy, Sweden, UK, Spain) [6,8-10,17-20,27], and that the combined 
heart and lung transplants were not included in the analyses. The 
number of follow-up years was not uniformly reported in the studies 
resulting in under-reporting or low numbers due to early follow-
up years. Cumulative incidence estimates properly account for the 
competing risks of death and diagnoses for other cancers. At 15 years 
posttransplantation, the cumulative incidence for all cancers was 
estimated to be 17%, indicating that 17% of a cohort of heart transplant 
recipients would be expected to be diagnosed with cancer within 15 
years [21]. Furthermore, the major risk factors of PTM not reported in 
most of the studies included pretransplant diagnosis, history of tobacco 
smoking and anti-rejection immunosuppressive therapies.

In conclusion, despite tremendous improvements in graft survival 
and transplant recipients quality of life in the last few decades, many 
SOT and in particular HT recipients continue to suffer from the 
development of PTM. Post-transplant malignancies appear in many 
organ sites; thus, in particular, transplant physicians need to be well 
aware of the risk factors of PTM, and continue to closely monitor these 
parameters in addition to anti-rejection therapy for transplant graft 
survivals. Researches in laboratory medicine and pathology and other 
disciplines should be aimed to identify new parameters or biomarkers 
that can be relevant for prevention, early detection and prognosis of 
cancer.  

References

1.	 Lodhi SA, Lamb KE, Meier-Kriesche HU (2011) Solid organ allograft survival 
improvement in the United States: the long-term does not mirror the dramatic 
short-term success. Am J Transplant 11: 1226-1235.

2.	 Barnard CN (1967) The operation. A human cardiac transplant: an interim 
report of a successful operation performed at Groote Schuur Hospital, Cape 
Town. S Afr Med J 41: 1271-1274.

3.	 Sampaio MS, Cho YW, Qazi Y, Bunnapradist S, Hutchinson IV, et al. (2012) 
Posttransplant malignancies in solid organ adult recipients: an analysis of the 
U.S. National Transplant Database. Transplantation 94: 990-998.

4.	 Engels EA, Pfeiffer RM, Fraumeni JF Jr, Kasiske BL, Israni AK, et al. (2011) 
Spectrum of cancer risk among US solid organ transplant recipients. JAMA 
306: 1891-1901.

5.	 Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM (2007) Incidence of 
cancers in people with HIV/AIDS compared with immunosuppressed transplant 
recipients: a meta-analysis. Lancet 370: 59-67.

6.	 Serraino D, Piselli P, Busnach G, Burra P, Citterio F, et al. (2007) Risk of cancer 
following immunosuppression in organ transplant recipients and in HIV-positive 
individuals in southern Europe. Eur J Cancer 43: 2117-2123.

7.	 Busnach G, Piselli P, Arbustini E, Baccarani U, Burra P, et al. (2006) 
Immunosuppression and cancer: A comparison of risks in recipients of organ 
transplants and in HIV-positive individuals. Transplant Proc 38: 3533-3535.

8.	 Krynitz B, Edgren G, Lindelöf B, Baecklund E, Brattström C, et al. (2013) Risk 
of skin cancer and other malignancies in kidney, liver, heart and lung transplant 
recipients 1970 to 2008--a Swedish population-based study. Int J Cancer 132: 
1429-1438.

9.	 Collett D, Mumford L, Banner NR, Neuberger J, Watson C (2010) Comparison 
of the incidence of malignancy in recipients of different types of organ: a UK 
Registry audit. Am J Transplant 10: 1889-1896.

10.	Adami J, Gäbel H, Lindelöf B, Ekström K, Rydh B, et al. (2003) Cancer risk 
following organ transplantation: a nationwide cohort study in Sweden. Br J 
Cancer 89: 1221-1227.

11.	Rabinovics N, Mizrachi A, Hadar T, Ad-El D, Feinmesser R, et al. (2013) Cancer 
of the head and neck region in solid organ transplant recipients. Head Neck .

12.	Deeb R, Sharma S, Mahan M, Al-Khudari S, Hall F, et al. (2012) Head and neck 
cancer in transplant recipients. Laryngoscope 122: 1566-1569.

13.	Lott DG, Manz R, Koch C, Lorenz RR (2010) Aggressive behavior of 
nonmelanotic skin cancers in solid organ transplant recipients. Transplantation 
90: 683-687.

14.	Kellerman L, Neugut A, Burke B, Mancini D (2009) Comparison of the incidence 
of de novo solid malignancies after heart transplantation to that in the general 
population. Am J Cardiol 103: 562-566.

15.	Favaloro R, Peradejordi M, Bertolotti A, Diez M, Favaloro L, et al. (2010) 
Results of heart transplantation: 16 years’ experience in a center in Argentina. 
Transplant Proc 42: 321-323.

16.	Alam M, Brown RN, Silber DH, Mullen GM, Feldman DS, et al. (2011) Increased 
incidence and mortality associated with skin cancers after cardiac transplant. 
Am J Transplant 11: 1488-1497.

17.	Caforio AL, Gambino A, Piaserico S, Tona F, Belloni Fortina A, et al. (2001) 
De novo noncutaneous malignancies in heart transplantation: a single-centre 
15-year experience and risk factor analysis. Transplant Proc 33: 3658-3659.

18.	Crespo-Leiro MG, Villa-Arranz A, Manito-Lorite N, Paniagua-Martin MJ, 
Rábago G, et al. (2011) Lung cancer after heart transplantation: results from a 
large multicenter registry. Am J Transplant 11: 1035-1040.

19.	Hamour IM, Khaghani A, Kanagala PK, Mitchell AG, Banner NR (2011) Current 
outcome of heart transplantation: a 10-year single centre perspective and 
review. QJM 104: 335-343.

20.	Crespo-Leiro MG, Alonso-Pulpón L, Vázquez de Prada JA, Almenar L, Arizón 
JM, et al. (2008) Malignancy after heart transplantation: incidence, prognosis 
and risk factors. Am J Transplant 8: 1031-1039.

21.	Jiang Y, Villeneuve PJ, Wielgosz A, Schaubel DE, Fenton SS, et al. (2010) The 
incidence of cancer in a population-based cohort of Canadian heart transplant 
recipients. Am J Transplant 10: 637-645.

22.	Hsu RB, Chang CI, Tsai MK, Lee PH, Chou NK, et al. (2010) Low incidence of 
malignancy in heart-transplant recipients in Taiwan: an update and comparison 
with kidney-transplant recipients. Eur J Cardiothorac Surg 37: 1117-1121.

23.	Molina BD, Leiro MG, Pulpón LA, Mirabet S, Yañez JF, et al. (2010) Incidence 
and risk factors for nonmelanoma skin cancer after heart transplantation. 
Transplant Proc 42: 3001-3005.

24.	Sánchez-Lázaro IJ, Almenar-Bonet L, Martínez-Dolz L, Buendía-Fuentes F, 
Agüero J, et al. (2010) Post-heart transplant tumors: chronology and impact on 
survival. Transplant Proc 42: 3201-3203.

25.	Opelz G, Döhler B (2004) Lymphomas after solid organ transplantation: a 
collaborative transplant study report. Am J Transplant 4: 222-230.

26.	Cohen JI (2000) Epstein-Barr virus infection. N Engl J Med 343: 481-492.

27.	Gutierrez-Dalmau A, Campistol JM (2007) Immunosuppressive therapy and 
malignancy in organ transplant recipients: a systematic review. Drugs 67: 
1167-1198.

http://www.ncbi.nlm.nih.gov/pubmed/21564524
http://www.ncbi.nlm.nih.gov/pubmed/21564524
http://www.ncbi.nlm.nih.gov/pubmed/21564524
http://www.ncbi.nlm.nih.gov/pubmed/4170370
http://www.ncbi.nlm.nih.gov/pubmed/4170370
http://www.ncbi.nlm.nih.gov/pubmed/4170370
http://www.ncbi.nlm.nih.gov/pubmed/23085553
http://www.ncbi.nlm.nih.gov/pubmed/23085553
http://www.ncbi.nlm.nih.gov/pubmed/23085553
http://www.ncbi.nlm.nih.gov/pubmed/22045767
http://www.ncbi.nlm.nih.gov/pubmed/22045767
http://www.ncbi.nlm.nih.gov/pubmed/22045767
http://www.ncbi.nlm.nih.gov/pubmed/17617273
http://www.ncbi.nlm.nih.gov/pubmed/17617273
http://www.ncbi.nlm.nih.gov/pubmed/17617273
http://www.ncbi.nlm.nih.gov/pubmed/17764927
http://www.ncbi.nlm.nih.gov/pubmed/17764927
http://www.ncbi.nlm.nih.gov/pubmed/17764927
http://www.ncbi.nlm.nih.gov/pubmed/17175324
http://www.ncbi.nlm.nih.gov/pubmed/17175324
http://www.ncbi.nlm.nih.gov/pubmed/17175324
http://www.ncbi.nlm.nih.gov/pubmed/22886725
http://www.ncbi.nlm.nih.gov/pubmed/22886725
http://www.ncbi.nlm.nih.gov/pubmed/22886725
http://www.ncbi.nlm.nih.gov/pubmed/22886725
http://www.ncbi.nlm.nih.gov/pubmed/20659094
http://www.ncbi.nlm.nih.gov/pubmed/20659094
http://www.ncbi.nlm.nih.gov/pubmed/20659094
http://www.ncbi.nlm.nih.gov/pubmed/14520450
http://www.ncbi.nlm.nih.gov/pubmed/14520450
http://www.ncbi.nlm.nih.gov/pubmed/14520450
http://www.ncbi.nlm.nih.gov/pubmed/23554129
http://www.ncbi.nlm.nih.gov/pubmed/23554129
http://www.ncbi.nlm.nih.gov/pubmed/22473466
http://www.ncbi.nlm.nih.gov/pubmed/22473466
http://www.ncbi.nlm.nih.gov/pubmed/20808266
http://www.ncbi.nlm.nih.gov/pubmed/20808266
http://www.ncbi.nlm.nih.gov/pubmed/20808266
http://www.ncbi.nlm.nih.gov/pubmed/19195521
http://www.ncbi.nlm.nih.gov/pubmed/19195521
http://www.ncbi.nlm.nih.gov/pubmed/19195521
http://www.ncbi.nlm.nih.gov/pubmed/20172341
http://www.ncbi.nlm.nih.gov/pubmed/20172341
http://www.ncbi.nlm.nih.gov/pubmed/20172341
http://www.ncbi.nlm.nih.gov/pubmed/21718441
http://www.ncbi.nlm.nih.gov/pubmed/21718441
http://www.ncbi.nlm.nih.gov/pubmed/21718441
http://www.ncbi.nlm.nih.gov/pubmed/11750555
http://www.ncbi.nlm.nih.gov/pubmed/11750555
http://www.ncbi.nlm.nih.gov/pubmed/11750555
http://www.ncbi.nlm.nih.gov/pubmed/21521471
http://www.ncbi.nlm.nih.gov/pubmed/21521471
http://www.ncbi.nlm.nih.gov/pubmed/21521471
http://www.ncbi.nlm.nih.gov/pubmed/21106504
http://www.ncbi.nlm.nih.gov/pubmed/21106504
http://www.ncbi.nlm.nih.gov/pubmed/21106504
http://www.ncbi.nlm.nih.gov/pubmed/18416739
http://www.ncbi.nlm.nih.gov/pubmed/18416739
http://www.ncbi.nlm.nih.gov/pubmed/18416739
http://www.ncbi.nlm.nih.gov/pubmed/20121725
http://www.ncbi.nlm.nih.gov/pubmed/20121725
http://www.ncbi.nlm.nih.gov/pubmed/20121725
http://www.ncbi.nlm.nih.gov/pubmed/20045346
http://www.ncbi.nlm.nih.gov/pubmed/20045346
http://www.ncbi.nlm.nih.gov/pubmed/20045346
http://www.ncbi.nlm.nih.gov/pubmed/20970593
http://www.ncbi.nlm.nih.gov/pubmed/20970593
http://www.ncbi.nlm.nih.gov/pubmed/20970593
http://www.ncbi.nlm.nih.gov/pubmed/20970651
http://www.ncbi.nlm.nih.gov/pubmed/20970651
http://www.ncbi.nlm.nih.gov/pubmed/20970651
http://www.ncbi.nlm.nih.gov/pubmed/14974943
http://www.ncbi.nlm.nih.gov/pubmed/14974943
http://www.ncbi.nlm.nih.gov/pubmed/10944566
http://www.ncbi.nlm.nih.gov/pubmed/17521218
http://www.ncbi.nlm.nih.gov/pubmed/17521218
http://www.ncbi.nlm.nih.gov/pubmed/17521218

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Methods
	Results
	Transplant recipients and cancer risk 
	Posttransplant malignancy risk factors in ht recipients 

	Discussion
	Table 1
	Table 2
	References

