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Introduction

Summary

Cancer limits survival following heart transplantation. The study’s objectives
were to evaluate the incidence and risk factors for cancers after heart transplan-
tation and to assess the association between i.v. thymoglobuline induction ther-
apy [rabbit antithymocyte immunoglobulin, (RATG)] and neoplasia. From
1982 to 2002, prospective data were gathered for 207 heart transplant recipi-
ents. Except from 1982 to 1987, all patients received a 3-day course of
i.v. RATG following transplantation. Forty-three malignant neoplasms (21%)
were diagnosed. The most common were: skin (42%), lung (12%), prostate
(9%), genitourinary (9%) and lymphoma (5%). Mean length of follow-up after
transplantation was 99 + 57 months. Mean survival after diagnosis was
52 *+ 44 months. Multivariate analysis showed no significant increase in the
incidence of cancer with recipient age, sex, number of rejection episodes, the
type of immunosuppression or the use of RATG. Patients receiving RATG
developed their malignancies significantly earlier after transplantation (P =
0.007) and succumbed faster after the diagnosis (P = 0.06). Cancer is a limit-
ing event for long-term survival after heart transplantation. No individual risk
factors allow predicting its development. In the present cohort, RATG does not
have carcinogenic effects following transplantation, but is associated with a
more precocious development of malignancies.

receiving thymoglobuline induction therapy has been pre-
viously reported [7,8]. However, no prior studies have

The improvement in graft and patient survivals following
heart transplantation is hampered by the high incidence of
post-transplant neoplasms [1] varying from 1% to 16%
[2,3]. The most common reported tumors are skin cancer
and post-transplant lymphoproliferative disorders (PTLD)
[4]. A close association between immunosuppression and
the development of cancer in graft recipients has been sug-
gested [5], in particular with the use of OKT3 as induc-
tion therapy which has been abandoned following reports
of an increased incidence of PTLD [6]. Since 1987, heart
transplant recipients at the Montreal Heart Institute have
been systematically treated with iv. thymoglobuline
induction therapy. The incidence of cancer in patients
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specifically looked at the relationship between thymoglob-
uline induction therapy and cancer. The objectives of the
present study were to evaluate the incidence, the distribu-
tion and the risk factors associated with the development
of cancers following heart transplantation. Moreover, the
possible relationship between thymoglobuline induction
therapy and the development of cancer is evaluated.

Materials and methods

Patient population
Between 1982 and 2002, 207 patients received heart trans-
plants with a minimum survival period of 1 month (172
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males and 35 females; mean age at transplantation
46 £ 11 years; range: 17-64 years). Prospectively gathered
data from the transplantation clinic by a team of special-
ized nurses were used for the current study. The indica-
tions for heart transplantation were ischemic
cardiomyopathy (ICM) in 117 patients (56.5%), dilated
cardiomyopathy (DCM) in 57 patients (27.5%), and
other cardiac diseases in 33 patients (16%). The mean
donor age was 29 £ 12 years and the mean ischemic time
was 139 *+ 49 min. Follow-up of the patients was 100%
complete with a mean length of follow-up of
99 £ 57 months. Patients were divided into two groups:
patients with a post-transplant neoplasm (n = 43, one
patient suffered two malignancies) and cancer-free
patients (n = 165).

Immunosuppression regimen

Between 1988 and 2002, 154 patients were transplanted
and received thymoglobuline intravenously (rabbit anti-
thymocyte immunoglobulin — RATG, Pasteur Merieux,
Lyon, France) at a dose of 125 mg/day during the first
3 days following heart transplantation. Each infusion of
thymoglobuline was pretreated with administration of
acetaminophen, diphenhydramine and 125 mg of methyl-
prednisolone. ILv. methylprednisolone (500 mg) was
administered during surgery and followed by 125 mg every
24 h for three doses. Oral prednisone (1 mg/kg tapered to
0.1 mg/kg/day), azathioprine (3 mg/kg, n = 156 patients)
or mycophenolate mofetil (CELLCEPT, Hoffman-La
Roche, Mississauga, ON, Canada; 1 g/b.i.d.), which has
replaced azathioprine since 1997 (1 g b.id., n =30
patients), were started after patient extubation. Oral
cyclosporin (Neoral, Novartis Pharma, Dorval, QC, Can-
ada; 2-6 mg/kg) was initiated on postoperative day 2 to
day 5 after transplantation [7]. Prior to 1987, and for a
brief period in 1994, 45 patients received oral (3—6 mg/kg)
or iv. (1-2 mg/kg in 24 h) cyclosporin from the day of
transplantation along with prednisone, but without induc-
tion therapy. Oral prednisone was eventually weaned off in
selected patients 612 months following transplantation.
Whole-blood trough levels of cyclosporin were main-
tained between 200-300 mmol/l the first 3 months,
between 200-250 mmol/l between 3 and 6 months and
between 150-200 mmol/l after 6 months following trans-
plantation. Azathioprine was titrated to maintain the white
blood cell count >5000 cells/mm® and mycophenolate
mofetil was administered at a constant dose of 1 g b.i.d.

Patient follow-up

Endomyocardial biopsies were performed weekly for the
first month, then biweekly for the next 3 months then at
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6 months and 1 year. Acute rejection was diagnosed
according to the International Society for Heart and Lung
Transplantation (ISHLT) classification [9]. Rejection epi-
sodes were treated accordingly: (methylprednisolone 1 g
for 3 days or i.v. thymoglobuline for 3 days in refractory
rejection). Coronary angiograms were performed 1 year
after transplantation and every 2 years thereafter. Pul-
monary roentgenograms were obtained every 6 months.

Statistical analysis

Univariate (unpaired ¢-test or one-way aNova for con-
tinuous variables and Pearson’s y* for categorical varia-
bles) and multivariate analyses (stepwise logistic
regression) were used to assess the relative importance of
different variables on the incidence of cancer in our
transplant population. The variables analyzed included:
age at transplantation, sex, ischemic time, the underlying
disease, RATG administration, various immunosuppres-
sants and the frequency of rejection episodes. The results
are expressed as mean + SD or as percentages for categor-
ical variables. A P-value of <0.05 was considered statisti-
cally significant.

Results

Cancer data

Forty-three malignant neoplasms were diagnosed in 42 of
207 patients (21%). The incidence of solid tumors (exclu-
ding skin and PTLD) was 11% (23/207). No differences
were noted between both groups (cancer versus cancer-
free patients) with regard to recipient age (46.3 vs.
46.5 years; P =0.9), sex (P =0.9), the wunderlying
pathology (P = 0.5), smoking history (P = 0.2) and the
number of treated rejection episodes in the first year
(P = 0.96) (Table 1). No predictive factors were isolated
on multivariate analysis.

With regard to patients developing a neoplasia (n =
43), the distribution of different cancers was as follows:
skin (basal/squamous: 16/1) (42%), lung (12%), prostate
(9%), genito—urinary (9%), PTLD (5%), central nervous

Table 1. Characteristics of patients with and without cancer.

Cancer No cancer
Patient characteristics (n = 43) (n = 165) P-value
Recipient age (years) 465+ 125 46.6 +10.0 0.90
Recipient gender (% male) 82.5% 83.2% 0.91
Smoking at time of 35 (81) 112 (67) 0.3
transplantation (%)
Nb of treated rejection episodes 0.98 + 1.03 0.96 + 1.12 0.96
in the first year
RATG use (%) 70.0% 80.2% 0.16
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Figure 1 Distribution of various types of malignancies among cancer
patients (n = 43). PTLD, post-transplant lymphoproliferative disorder.

system (5%), head and neck (5%), bowel (5%), Kaposi’s
sarcoma (2%) and others (pancreas, renal, hematopoietic)
(6%) (Fig. 1). The mean interval from transplantation to
diagnosis was 86 * 45 months (range, 6—180 months).
No differences were found among different cancers
regarding the time to diagnosis after transplantation
(P = 0.27). No significant demographic differences were
found between different cancer groups in terms of sex,
donor age, recipient age, ischemic time or number of
treated rejection episodes. Mortality rate following a diag-
nosis of cancer over the follow-up period was 27%. Mean
survival time in these patients was 34 £ 11 months. Mean
survival after a
20 = 19 months, significantly shorter than all other
malignancies combined (P = 0.009). Skin cancer carried
the best prognosis with an 88% actuarial survival at
10 years.

diagnosis of lung cancer was

Effects of immunosuppression

When examined separately, no significant association was
found between the administration of any particular drug
and the development of a neoplastic lesion. More specific-
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Figure 2 Actuarial survival free from cancer in patients receiving
RATG versus patients not receiving RATG (P > 0.05).

ally, no association was observed between the use of
azathioprine and the occurrence of skin cancer (P = 0.8),
and no relationship between the development of PTLD
and the use of cyclosporin was noted despite the long fol-
low-up period. Because of the small number of cases of
PTLD observed in this cohort, (n = 2) no analysis was
undertaken to evaluate the potential role of different
immunosuppressive regimens.

Role of thymoglobuline induction therapy

There was no association between the use of thymoglobu-
line induction therapy and the occurrence of cancer (17%
in patients receiving RATG versus 27% in patients not
receiving RATG; P = 0.16) (Fig. 2). This difference is not
statistically significant, but considering the number of
patients, the power of the analysis is 30% (B = 0.70).
Furthermore, no correlation was observed with any speci-
fic type of cancer. Among the two cases of PTLD, one
developed in the pre-RATG cohort and the other in a
patient who received RATG. Two observations are note-
worthy regarding RATG induction therapy (Table 2).
Firstly, patients receiving RATG developed their malig-
nancies significantly earlier after transplantation than the

Table 2. Characteristics of patients

RATG+ No RATG receiving or not receiving RATG.

(n=162) (n = 45) P-value
Cancer (%) 17.3% 26.7% 0.16
Recipient age (years) 477 + 104 42.0+9.9 0.001
Donor age (years) 30.6 + 12.3 250+ 82 0.0004
Gender (% male) 83.9% 82.2% 0.86
Smoking at time of transplantation (%) 120 (74) 27 (60) 0.5
Mean ischemic time (min) 140.1 £ 49.7 135.1 + 48.1 0.55
Time to cancer diagnosis (months) 73.4 +£37.0 114.7 £ 50.9 0.007
Time from cancer diagnosis to death (months) 19 + 27 61 + 36 0.06
No of treated rejection episodes (first year) 0.9+ 1.1 1.2+£12 0.08
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Table 3. Distribution of different types of cancer according to RATG
administration.

RATG+ No RATG
Type of cancer (n = 31) (n=12) P-value
Skin 12 (40) 5(42) 0.90
Lung 4(13) 1(8) 0.6
PTLD 1(3) 1(8) 0.3
Other 14 (44) 5(42) 0.9

others (73 vs. 115 months; P = 0.007). Secondly, those
same patients succumbed faster after the diagnosis was
established (19 vs. 61 months; P = 0.06). The distribution
of cancers between patients receiving RATG and those
not receiving RATG is shown in Table 3 (P = NS).
Despite the fact that patients receiving RATG were signifi-
cantly older than their counterparts (47.7 £ 10.4 vs.
42.0 £ 9.9 years; P = 0.001), the distribution of the var-
ious cancers was comparable between both categories of
patients.

Discussion

Occurrence of cancer after heart transplantation is a well-
described consequence of immunosuppression [1] with a
reported incidence of 1-16% [2,3]. In fact, Opelz and
Dohler [10] have demonstrated through the collaborative
transplant study (CTS) registry that the incidence of
cancer following heart transplantation is two- to threefold
higher than in kidney transplantation, regardless of age.
The 21% incidence of malignancy after heart transplanta-
tion in this series is higher than in most studies, inclu-
ding Mihalov et al. [11] who reported a rate of 15.6% in
307 cardiac transplant recipients. This higher incidence
may be due to several reasons: a longer and closer follow-
up and a more complete reporting of the malignancies.
None of the patients or their donors had previously
documented malignancies, which are associated with a
recurrence rate of up to 45% in cardiothoracic transplant
recipients [12]. The difference in incidences is mainly
incumbent on the 11% incidence of solid tumors, strik-
ingly higher than Goldstein et al’s [13] 3% (21/633) or
Pham et al’s [14] reported 6% incidences (36/608),
despite a comparable follow-up period of 17 years and
older age of their cancer population at transplantation
(51 vs. 45 years). Although earlier reports have linked the
use of cyclosporine to the development of malignancies,
namely PTLDs [15], no correlation to any specific malig-
nancy was found. This duplicates the findings of Olivari
et al. [2] who found no relationship between cyclosporin
use and the occurrence of lymphomas. However, a recent
study on renal transplant recipients suggests an increased
incidence of cancer in transplant recipients receiving
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cyclosporin if older than 45 years [16]. The present study
does not support this correlation (25% in <45 years of
age vs. 26% in 245 years; P = 0.9). Furthermore, the use of
azathioprine was not associated with an increased occur-
rence of skin cancer despite its possible link to the latter
due to the photosensitizing effects of its metabolites [17].

The systematic use of iv. thymoglobuline induction
therapy in our cohort since 1987 (n = 162) allows a thor-
ough study of its effects in heart transplant recipients.
Reports have long diverged over the association between
induction therapy and cancer, especially since Swinnen
et al. [6] showed in 1990 an increased incidence of PTLD
with the use of OKT3, which halted its use as induction
therapy following transplantation. However, in the pre-
sent series, no association was found between the use of
i.v. thymoglobuline induction therapy and the develop-
ment of cancer (P = 0.16). Despite the lack of significant
association in terms of incidence, patients receiving
RATG had a more precocious development and more dis-
mal prognosis of the malignancy. These findings could
potentially be explained by the fact that patients receiving
RATG were significantly older than their counterparts
(48 vs. 42 years; P = 0.001) putting them at a higher risk
of developing cancer, as in the general population. The
unfavorable course might be consecutive to developing
more aggressive neoplasms such as lung cancer which are
associated with significantly shorter survival, and occur
more frequently in older patients. In fact, four of five
lung cancer victims were in the RATG group and aver-
aged 49 years of age. However, no correlation with recipi-
ent age was observed when comparing cancer and cancer-
free patients. Moreover, because of the small number of
patients diagnosed with cancer, it was difficult to establish
a statistically significant correlation between RATG use
and the development of a certain type of cancer.

Of all cancers, lung carcinomas were the most lethal
with a significantly shorter survival rate after diagnosis
(20 £ 19 months vs. 52 + 44 months; P = 0.009). These
data concur with previous published studies on the inci-
dence of solid tumors after transplantation which repor-
ted the dismal survival of lung cancers in
immunosuppressed patients [13,14]. In the present
cohort, a positive smoking history was considered when
patients were smokers at the time they were listed for
transplantation. Despite a trend for patients developing
cancer to have a higher incidence of smoking history,
smoking was not found to be a predictive factor for can-
cer in this patient population (P = 0.2). Other groups,
however, have previously addressed this issue and have
established a relationship between smoking and cancer
due to the combined negative effects of tobacco use on
the immune system and of pharmacologically induced
immunosuppression.
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Post-transplant lymphoproliferative disorders have long
been a major impediment to long-term survival with a
reported incidence of up to 14% of all post-transplanta-
tion cancers. This high incidence was attributed in some
reports to the use of iv. induction therapy following
transplantation and to higher doses of cyclosporin for-
merly used. In fact, these practices explain the higher pre-
valence of PTLDs in cardiac transplant recipients
compared with renal transplant recipients (6.5% vs.
0.7%) [11]. In this series, PTLD represented only 1% of
all transplant recipients suggesting that the use of i.v.
induction therapy using RATG did not promote post-
transplantation cancers.

Limitations

Although the data were gathered prospectively, the retro-
spective nature of this analysis carries the limitations of
any such study design. The modern era of cardiac trans-
plantation is relatively young dating back to the early
1980s. Many changes, although not dramatic, have taken
place since that time. Although the patient population
studied in the present report is not perfectly homogen-
eous, it is a good reflection of cardiac transplantation
recipients worldwide. Although we attempted to eliminate
any confounding factors through statistical analysis when
comparing patients receiving RATG induction therapy
and those not receiving it, the results should be carefully
interpreted as they are noncontemporary populations.
Also, the limited number of patients not receiving RATG
results in reduced statistical power (B = 0.70) therefore
mandating a careful analysis of the results. Lastly, despite
the incidence of cancer being significant in this cohort,
the absolute numbers remain limited therefore making it
difficult to compare various subgroups of immunosup-
pressive regimens as to their association with cancer
development.

Conclusion

In conclusion, the long-term prognosis following heart
transplantation is strongly affected by the occurrence of
malignancy in immunosuppressed transplant recipients.
Despite the long follow-up period, no individual predic-
tive factors were identified. Long-term cumulative immu-
nosuppressive load over the years remains the most likely
culprit. Nonetheless, constant vigilance is warranted
throughout the patients’ follow-up after transplantation
to guarantee early detection and treatment initiation. In
light of the study’s statistical limitations, the use of i.v.
thymoglobuline for induction therapy in the present
cohort has no carcinogenic effect per se, but is associated
with a more precocious development of malignancies car-
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rying a worse prognosis. The advent of more specific
immunosuppressants in the future may allow better pre-
servation of the immune mechanisms involved in cancer
surveillance and potentially decrease the incidence of
post-transplantation malignant disease.
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