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Introduction

The continuous improvement in clinical outcome after

heart transplantation has established heart transplantation

as a standard and efficient therapy for end-stage heart

failure [1]. The overall 1-, 5- and 10-year survival rates

for heart transplantation were 80, 70 and 50% with a

constant mortality rate of 4% per year [1]. Long-term

survival is limited by transplant coronary artery disease

and the complications produced by the toxicities of main-

tenance immunosuppression (malignancy, infection, and

renal failure) [1–3]. Transplant coronary artery and

malignancy, as expected, increase over time.

The development of malignancy is a well-recognized

complication in transplant recipients with prolonged

use of immunosuppression [4,5]. The incidence of post-

transplant neoplastic diseases depends on the type of

organ transplantation and length of time after transplan-

tation [5]. Most reports documented a higher incidence

in heart than in kidney transplant recipients. This consid-

erable discrepancy in cancer frequency is likely to be due

to the more intense immunosuppression used to prevent

and treat allograft rejection in the heart than the kidney.

Multicenter registry of the International Society for the

Heart and Lung Transplantation in 2003 reported that

the cumulative incidence of neoplastic diseases was 3.4

and 18.2% at 1 and 5 years after heart transplantation

(data obtained from http://www.ishlt.org).

In Asia, the first clinical heart transplantation was per-

formed by Wada in 1968. Because of poor result, no act-

ive heart transplantation program was done for almost

two decades. In July 1987, the first heart transplantation

was started in Taiwan. Although Taiwan is a small island

with a population of 22 million, most of the heart trans-

plantations performed in Chinese are done in Taiwan [6].

However, the incidence of post-transplant neoplastic dis-

ease in Chinese heart allograft recipients has not been

reported. This study sought to assess the incidence of

neoplastic disease after transplantation in Chinese heart

allograft recipients.

Patients and methods

Patient population

From July 1987 to December 2002, 171 heart transplants

were performed in 169 patients. Patients who underwent
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Summary

This study sought to assess the incidence of neoplastic disease after transplanta-

tion in Chinese heart allograft recipients. A total of 156 patients (130 male and

26 female; mean age, 45.8 ± 15.7 years), surviving more than 30 days after

transplantation, were enrolled in this study. The mean follow up duration was

51.2 ± 33.0 months. Six patients (3.8%) developed neoplastic diseases after

transplantation: post-transplant lymphoproliferative diseases in four and solid

tumors in two patients. There was no skin cancer or Kaposi’s sarcoma. Solid

tumors affected the prostate, liver and urinary bladder in two patients. The

cumulative incidence of neoplastic disease was 2.1% at 1 year, 3.6% at 5 years,

and 10.1% at 10 years after transplantation. The incidence of post-transplant

neoplastic disease was low in Chinese heart allograft recipients. It resulted from

a relative paucity of Kaposi’s sarcoma and skin cancers in Chinese population.
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retransplantation or died within 1 month after transplanta-

tion were excluded from this study. Thus, a total of 156

patients (130 males and 26 females; mean age at transplan-

tation, 45.8 ± 15.7 years; range: 6 months to 71 years)

were enrolled in this study. Heart transplantation was indi-

cated by the following heart diseases: dilated cardiomyopa-

thy in 84 patients (54%), ischemic cardiomyopathy in 50

patients (32%), and other cardiac diseases in 22 patients

(14%).

Immunosuppression

All patients received triple-drug immunosuppressive ther-

apy according to our heart transplantation protocol [7].

Since 1995, we started to use rabbit antithymocyte globu-

lins for induction therapy. Azathioprine (4 mg/kg) was

given 1 h before the operation. Solumedrol (1000 mg) was

infused while release of the aortic cross-clamp. Rabbit

antithymocyte globulin 1.5–2.5 mg/kg/day was given after

transplantation for 5 days. Cyclosporine was started orally

within 5 days after transplantation or after the recovery of

renal function. Cyclosporine dose was adjusted according

to renal function and serum cyclosporine level, which was

maintained at the trough level of 300–500 ng/ml during

the first 3 months after transplantation and 200–300 ng/

ml 1 year after transplantation. Azathioprine was given at

1–2 mg/kg/day after transplantation, with the dose adjus-

ted to maintain a white blood cell count 4000–6000/mm3.

Prednisone (0.5 mg/kg/day) was started on the second

postoperative day and tapered to 0.2 mg/kg/day by the

first month after transplantation. Tacrolimus (FK-506)

and mycophenolate mofetil (Cellcept) were used for recur-

rent rejection or severe adverse reactions to cyclosporine

and azathioprine [8].

All patients were followed monthly at special cardiac

transplantation clinic. Standard chest roentgenogram,

blood tests, electrocardiogram and physical examinations

were routinely performed at regular intervals.

We evaluated the post-transplant course of the 156 heart

transplant patients to determine the incidence and specific

type of post-transplant malignancies. The mean follow up

duration was 51.2 ± 33.0 months (range: 1–139 months;

median, 51.3 months). None of them was lost of follow up.

Statistical analysis

The results are expressed as mean ± SD or as frequencies

for the categorical variables. The survival curve and

cumulative incidence of post-transplant neoplastic dis-

eases was plotted by the Kaplan–Meier method. Statistical

differences between groups were calculated using Fisher

exact test. Differences were considered significant at

P < 0.05.

Results

Post-transplant neoplastic diseases

Among the 156 heart transplant patients, six patients

(3.8%) suffered from seven malignant neoplasms. There

were post-transplant lymphoproliferative diseases in four

and solid tumors in two patients. There was no skin can-

cer or Kaposi’s sarcoma.

Solid tumors affected the prostate, liver, and urinary

bladder in two patients. One patient aged 68 years had

synchronous double cancers with hepatocellular carci-

noma of the liver and small cell carcinoma of the urinary

bladder 5 years after transplantation. He underwent com-

bined radical cystectomy with ileal conduit diversion and

atypical hepatectomy. Pathology showed distal liver meta-

stasis of bladder cancer in addition to primary hepatocel-

lular carcinoma. He died of sepsis 5 months after

operation. The other patient aged 65 years had prostate

cancer and bone metastasis 7 years after transplantation.

He underwent total orchiectomy and received antiandro-

gen therapy with bicalutamide 50 mg/day. He is still alive

at the time of follow up.

The Kaplan–Meier survival curve of the 156 patients

was shown in Fig. 1. The 1-, 5- and 10-year survival rates

were 87.1, 70.6 and 61.7%. Causes of death were surgical

bleeding in seven patients, acute allograft failure in

two patients, infection in 21 patients, acute rejection in

11 patients, transplant coronary artery disease in seven

patients, arrhythmia in two patients, multiple organ fail-

ure in three patients, and miscellaneous in seven patients.

For 132 patients who survived >1 year after heart

transplantation, the cumulative incidence of renal dys-

function with serum creatinine of P2.0 mg/dl after trans-

plantation was 23.0 ± 3.8%, 36.1 ± 4.3, 53.9 ± 4.9, and

57.3 ± 5.8% at 6-month, 1-year, 5-year and 10-year after

transplantation.
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Figure 1 Actuarial survival curve by Kaplan–Meier method.
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As shown in Fig. 2, the cumulative incidence of neo-

plastic disease was 2.1% at 1 year, 3.6% at 5 years, and

10.1% at 10 years after transplantation.

Comparison with western series

The comparison of patient characteristics and incidence

of post-transplant malignancy was listed on Table 1. Only

those series published in recent 10 years was listed for

comparison [9–15]. The incidence of all-cause post-trans-

plant neoplastic diseases in western series ranged from 6.7

to 15.6%. The incidences of all-cause malignancy and

solid malignancy were compared between our series and

Pham et al.’s series [14] because both groups had similar

age at transplantation and mean follow up duration. In

our patients, there was a lower incidence of all-cause

malignancy (3.8% vs. 15.2%, P < 0.001 by Fisher exact

test), but there was no difference in the incidence of solid

malignancy (1.2% vs. 3.3%, P ¼ 0.281 by Fisher exact

test).

The cumulative incidences of all-cause neoplastic dis-

eases at 1 and 5 years after heart transplantation in our

patients were compared with those of the International

Society for the Heart and Lung Transplantation registry

(http://www.ishlt.org). In our patients, there was a lower

5-year cumulative incidence of all-cause malignancy

(3.6% vs. 18.2%, P < 0.001 by Fisher exact test), but

there was no difference in 1-year cumulative incidence of

all-cause malignancy (2.3% vs. 3.4%, P ¼ 0.804 by Fisher

exact test). In our patients, the incidence was especially

low for Kaposi’s sarcoma, skin cancers, and solid cancers

(1.2% vs. 2.6–6.3%). Skin cancers and Kaposi’s sarcomas

that were common in western series were not present in

our patients.

Types of solid malignancies after heart transplantation

were listed in Table 2. Lung cancer was the main cause of

solid cancers after transplantation in western series. How-

ever, none of our patients had lung cancer after trans-

plantation.

Discussion

Compared with transplant coronary artery disease, i.e. the

most common long-term complication of heart transplan-

tation, post-transplant neoplastic disease is a relatively

uncommon complication [1]. However, patients with
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Figure 2 Cumulative incidence of neoplastic diseases after heart

transplantation by Kaplan–Meier method.

Table 1. Comparison of post-transplant neoplasms between Chinese and western patients.

Author Hsu Rinaldi Curtil Goldstein Pham Mihalov Dresdale Tenderich

Year 2005 2001 1997 1995 1995 1996 1993 2001

Country Taiwan Italy France USA USA USA USA Germany

Number 156 474 267 633 608 307 112 1080

Age (years) 45.8 ± 15.7 48.6 ± 12.1 47 ± 15 42.6 ± 18.3 43.1 ± 16.4 45.1 47.6 NA

Male (%) 83 85 83 78.3 81 81 83 NA

DCM (%) 54 47 49 52.9 36 NA 36 NA

Follow up 51.2 ± 33.0 71.1 ± 43 NA NA 51.6 ± 27.6 33.4 41.5 NA

Incidence

All-cause (%) 3.8 11.6 6.7 NA 15.2 15.6 8 10.38

PTLD (%) 2.6 2.3 1.1 NA 9.0 6.8 0 1.2

Skin/lip (%) 0 1.1 0 NA 2.6 6.5 3.8 3.0

Kaposi’s sarcoma (%) 0 1.3 0 NA NA NA 0.9 NA

Solid cancer (%) 1.2 6.3 5.6 2.6 3.3 NA 3.6 NA

Annual incidence (year)

1 (%) 2.1 NA NA NA NA 4.5 NA NA

5 (%) 3.6 NA NA NA NA 22 NA NA

10 (%) 10.1 24 NA NA NA NA NA NA

DCM, dilated cardiomyopathy; PTLD, post-transplant lymphoproliferative disease; NA, not available.
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post-transplant cancers usually were diagnosed in

advanced diseases and recurrence was common because

of the continued use of immunosuppression [14,16].

Penn and Starzl first reported the association of neo-

plastic diseases with post-transplant immunosuppression

in 1972 [17]. In 1978, before the introduction of cyclosp-

orine, Krikorian et al. [18] reported a cumulative inci-

dence of neoplastic diseases 2.7 ± 1.9 and 25.6 ± 11.0%

at 1 and 5 years after heart transplantation. This figure

seemed not changed recently. Data from the multicenter

registry of the International Society of Heart and Lung

Transplantation in 2003 reported a cumulative incidence

of 3.4 and 18.2% at 1 and 5 years after heart transplanta-

tion. In our patients, there was a lower cumulative inci-

dence of neoplastic disease 2.1% at 1 year, 3.6% at

5 years, and 10.1% at 10 years after transplantation.

The incidence of all-cause post-transplant neoplastic

diseases was 3.8% in our patients. This frequency is much

lower compared with the western series of Dresdale et al.

[15] and Pham et al. [14], who reported cancer inci-

dences of 8.2 and 15.2%, respectively. Mihalov et al. [12]

even observed 48 malignant neoplasms in 307 patients

(15.6%) with a mean follow up duration of 33.4 months.

Multicenter database from the Cincinnati Transplant

Tumor Registry [5] estimated a frequency of all-cause

post-transplant neoplastic diseases in heart recipients of

around 6%. Compared with these western series, the inci-

dence of all-cause post-transplant neoplastic disease was

low in Chinese heart allograft recipients.

The incidence of neoplastic diseases was related to the

use of immunosuppression, recipient age at transplanta-

tion and length of follow up after transplantation [5].

Couetil et al. [4], Oechslin et al. [19], and Fortina et al.

[20] reported there was no relationship between type

of immunosuppression and tumor development. It was

considered that cancer was a complication of intense

immunosuppression itself. The exact role of each specific

agent has not been resolved. In our study, 144 of 156

patients had induction therapy with antithymocyte globu-

lins and all the patients had triple maintenance immuno-

suppression. There was also no difference in age, gender,

etiology of heart disease and follow up duration between

our patients and most of the western series (Table 1). It

was unlikely that the low incidence of post-transplant

malignancy in our patients resulted from the differences

of the risk factors that we already knew.

Penn [5] reported that the predominant tumors in

heart allograft recipients are skin cancers, lymphomas,

and Kaposi’s sarcomas. Skin cancers account for nearly

28% of malignancies, whereas lymphoma is one of the

most common malignancies after heart transplantation,

accounting for 42% of all cases. Solid organ tumors have

been reported less frequently, and lung cancer is the pre-

dominant one. Hosenpud et al. [1] reported that skin

cancers and lymphomas accounted for 37.3 and 29.0% of

all malignancies at 1 year, and 52.1 and 12.5% of all

malignancies at 5 years after heart transplantation. It was

quite possible that type of malignancies contributed to

the low incidence of malignancies after transplantation in

our patients.

The incidence of skin cancers increases with time after

transplantation. Transplant recipients have a greater ten-

dency for development of squamous cell carcinoma when

compared with basal cell carcinoma [16]. Their frequency

varied with the amount of sun exposure [20,21] and

increased in certain geographical regions [22]. A surpris-

ingly high incidence of skin cancers was reported in Aus-

tralia [16], Italy [20–22], and Spain [23]. Skin cancers are

not common in Chinese population with yellow skin

color, in contrast to their common occurrence in Cauca-

sian patients [24]. For general population, pigmentary

traits such as red hair, fair skin, lack of tanning ability

and propensity to freckle have been identified as genetic

risk factors for skin cancers when combined with the

environmental risk factor of high ultraviolet light expo-

sure [25]. It has also been reported that poor tanning

ability rather than the amount of sun exposure is associ-

ated with the development of skin cancers in kidney

transplant recipients and warts appearing after the trans-

plantation indicate increased risk [26].

The link between immunosuppression and Kaposi’s

sarcoma was substantiated by the reports of Penn [5].

Kaposi’s sarcoma occurred most often in transplant recip-

ients who were Arabic, Jewish, black, or of Mediterranean

ancestry [5]. Lanza et al. [27] reported that Kaposi’s sar-

coma accounted for 30% of all malignancies in South

Africa. However, no Kaposi’s sarcoma was diagnosed in a

French series after heart transplantation [11]. Similarly,

no Kaposi’s sarcoma was diagnosed in our heart trans-

Table 2. Case distribution of solid malignancy after transplantation

between Chinese and western patients.

Author Hsu Rinaldi Curtil Goldstein Pham Dresdale Tenderich

Number 3 31 16 17 20 4 93

Lung 0 12 11 7 10 0 22

Bowel 0 5 0 0 0 2 21

Stomach 0 2 1 0 0 0

Liver 1 2 0 0 0 1

Pancreas 0 2 0 0 0 0

Head/neck 0 2 1 2 3 0 3

Biliary tract 0 1 0 0 1 0

Urologic 2 2 2 5 2 1 35

Breast 0 1 0 0 1 0

Gynecologic 0 1 0 1 2 0 6

Miscellaneous 0 1 0 0 1 0 6

Malignancy after HTX in Chinese Hsu et al.
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plant recipients. It was reported that cases of classic

Kaposi’s sarcoma have been distributed most in Europe,

Mediterranean countries, and the Americas. Geographic

location, age, gender, and ethnicity might influence the

occurrence of Kaposi’s sarcoma [28]. Chinese people have

the lowest incidence rate of classic Kaposi’s sarcoma

among all countries [28]. The age-standardized rates of

melanoma skin cancers were 2.4 in the world (data

obtained from http://www.dep.iarc.fr) and 0.14–0.32 in

Taiwan [29]. The age-standardized rate of nonmelanoma

skin cancers was 0.39–0.93 in Taiwan [29]. The low inci-

dence of post-transplant neoplastic disease could result

from a relative paucity of Kaposi’s sarcoma and skin can-

cers in Chinese population. In addition, the appearance

of Kaposi’s sarcoma correlates with the human herpes-

virus 8 replication [30,31]. It was assumed that the ethnic

factor, skin type and possible virus factor contributed to

the low incidence of skin cancers and Kaposi’s sarcoma

after transplantation in our heart allograft recipients.

Among the solid tumors after heart transplantation,

lung cancer was particularly common, accounting for up

to 50% of the solid malignancies [5]. Those neoplasms

that are frequently observed in the general population

(cancers of the lung, breast, prostate, liver, and colon)

showed no increase or even a decrease after transplanta-

tion [5]. The distribution of solid tumors after heart

transplantation was quite different between Chinese and

western people (Table 2). In general population, southeast

Asians had higher risks of cancers of the nasopharynx,

stomach, liver, gallbladder, and cervix. Southeast Asians

had lower risks of cancer of the oral cavity, colon, rec-

tum, larynx, lung, bladder, nervous system, breast, and

prostate [32]. The five most common cancers in the gen-

eral population around the world were lung cancers,

stomach cancers, prostate cancers, colorectal cancers, and

liver cancers (data obtained from http://www.dep.iarc.fr).

And the five most common cancers in Taiwan were liver

cancers, lung cancers, stomach cancers, colorectal cancers,

and nasopharyngeal cancers. The age-standardized rates

of liver cancers were 14.97 in the world (data obtained

from http://www.dep.iarc.fr) and 31.6–34.4 in Taiwan

[29].

Because most of transplants have been performed in

recipients of renal allografts and many of them have been

followed for a long period, it was advisable to have a look

of Chinese renal allograft recipients. Hepatitis virus infec-

tion was related to the development of hepatocellular car-

cinoma after transplantation [33]. Taiwan is an endemic

area of hepatitis B virus infection. Huo et al. [34] and

Lee et al. [35] demonstrated a high incidence of hepato-

cellular carcinoma in Chinese renal recipients with hepati-

tis B virus infection. Urologic malignancies were also

prevalent in Taiwan [36]. In our current study, one

patient had prostate cancer and one patient had double

cancers with hepatocellular carcinoma and bladder cancer.

Hepatocellular carcinoma and urologic malignancies were

the dominant cause of malignancy in Chinese heart allo-

graft recipients.

The major limitation of this study was relatively small

case number and short follow up. The incidence might be

decreased in a small cohort [15] and a higher incidence

in larger studies [12,14]. It is important to continue this

study and see if these preliminary observations still hold

up.

In conclusion, the incidence of post-transplant neoplas-

tic diseases was low in Chinese heart allograft recipients.

It could result from a low case number in our study pop-

ulation or from a relative paucity of Kaposi’s sarcoma

and skin cancers, in Chinese population.
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