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Heart transplant patients have an increased risk of developing cancer. Patients who
underwent HTx between 1985 and 2017 were included. Detection of cancer was obtained
by cross-checking the study population with the Swedish Cancer-Registry and the Cause-
of-Death-Registry. A total of 664 patients were followed for a median of 7.7 years. In all,
231 malignancies were diagnosed in 138 patients. Compared to the general population
the excess risk of cancer following HTx was 6.2-fold calculated as the standardized
incidence ratio (SIR) and 2.9-fold after exclusion of non-melanoma skin cancer (NMSC).
The most common malignancies were NMSC, non-Hodgins lymphoma, and lung cancer.
There was no significant difference in overall survival between those with and without a
history of cancer before HTx (p = 0.53). During amedian follow-up of 7.7 years, 19% of HTx
recipients developed cancer, 6.2-fold higher relative to the general population, and 2.9-fold
higher when excluding NMSC. Risk factors for malignancies (excluding NMSC) included
previous smoking, hypertension and prolonged ischemic time; and for NMSC, increasing
age, seronegative CMV-donors, and azathioprine. A previous cancer in selected recipients
results in similar survival compared to those without cancer prior to HTx.
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INTRODUCTION

Heart transplantation (HTx) is a life-saving treatment for end-stage heart failure. Long-term survival
after HTx is limited by several risk factors.; one of them being malignancies. As compared with the
general population, solid organ recipients have a 2-4-fold higher risk of developing cancer [1–3], a
major cause of morbidity and mortality [4].

Compared with recipients of abdominal organs, thoracic transplant recipients have a higher risk
of developing cancer. The leading cause is the higher doses of immunosuppressive agents needed to
prevent organ rejection [5–7]. The most frequent cancers after HTx have been reported to be non-
melanoma skin cancer (NMSC), lung cancer and lymphomas [8].

The present study examines the incidence of post-transplant cancer and the survival rate among
HTx recipients diagnosed with cancer at the Sahlgrenska University Hospital (SUH). Survival rates
are compared with the general population in Sweden. It was also studied if a history of treated cancer
before HTx affected post-transplant cancer incidence and survival.
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PATIENTS AND METHODS

Between June 1985 and December 2017, 708 HTx were
performed at the SUH. After exclusion of patients treated with
re-transplantation (n = 21) and patients followed abroad (n = 23),
a total of 664 patients were included in the study. Baseline
characteristics are shown in Table 1. The mean age was
48 years and 74% of the cohort were men. The median
follow-up time was 7.7 years generating a total of
5,668 patient-years. Figure 1 depicts the etiology of heart
failure in the study population. The study was conducted in
accordance with the Declaration of Helsinki and was approved by
the Regional Ethical Review Board at University of Gothenburg
(EPN no. 019-09, approval date 22nd October 2009, amendments
approved 29th November 2010, 10th December 2012, 17th
December 2013, 10th May 2017). The main outcome was the
detection of cancer among participants, by cross-checking the
study cohort with the Swedish Cancer Register (SCR) [9] and the
Swedish Cause of Death Register (SCDR), which both are
operated by the Swedish National Board of Health and
Welfare. The following cancer diagnosis codes were used: 140-
239 (International Classification of Diseases-9 until 1996) and
codes C00-D48 (International Classification of Diseases-10 from
1997). Data on basal cell carcinoma (BCC) were not available
from these registers, and are, therefore, not included in our
NMSC population.

All Swedish citizens have a specific personal identity number
that is registered at all healthcare contacts. This allows tracking of
how the Swedish population interacts with the healthcare system

[10]. The SCR, that originates from 1958 holds information on all
citizens registered in Sweden with a cancer diagnosis. The SCDR,
which stems from 1961, registers the cause of death, including
cancer, for all deceased citizens registered in Sweden. All cancer
diagnoses in this report were verified by a histopathological
examination. The International Rules for Multiple Primary
Cancers (IARC, ICD-0 Third Edition) were applied to ensure
correct numbers of cancer tumors reported [11]. These rules
enable comparison of cancer risk and outcome between different
populations.

Listing criteria for HTx were coherent with established
international guidelines [12]. Recipients and donors were
matched for ABO blood group compatibility. Complement-
dependent cytotoxicity assays were performed to assess the
recipient serum’s ability to lyse a panel of T or B cells and, if
positive above a certain level, a prospective donor-specific cross-
match was performed. At the beginning of our HTx program, bi-
atrial technique was initially used but this was slowly changed to
bi-caval technique during the period as formerly described [13].
Over time, the complexity of surgery has increased, and the
number of patients bridged with mechanical circulatory support
has risen. Survival has improved over time, which has previously
been reported [14].

Induction therapy has been applied throughout our HTx
program (n = 573), mainly anti-thymocyte globulin. All
patients received a regime with three different
immunosuppressive agents, including a calcineurin inhibitor
(cyclosporine or tacrolimus), an antimetabolite (azathioprine
or mycophenolate mofetil (MMF) and a corticosteroid, tapered
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during the first year. Previously, cyclosporine and azathioprine
constituted the primary immunosuppressive treatment but were
replaced with tacrolimus and MMF during the 2000s. According
to a routine protocol, percutaneous transvenous myocardial
biopsies were used for rejection monitoring. All patients
received acetylsalicylic acid and a statin as a preventive
measure for graft vasculopathy.

Data are presented as means and standard deviations, medians
and interquartile ranges, or numbers and percentages. Overall
survival curves were generated using Kaplan-Meier estimates and
comparisons between groups were performed with the log rank
test. Relative survival was calculated using the Ederer II method
[15]. Mortality data for the general population in Sweden were
used to estimate expected survival rates. The mortality data
comprised the probability of death for single-year age groups
in 1-year calendar period. Cumulative incidence of cancer was
analyzed using competing risk methods with death as a
competing event [16]. When analyzing cancer incidence for
different cancer types, person-years were calculated from date
of the transplantation to the first of the following events:
diagnosis of the cancer site; death; or end of surveillance

period, i.e., 31 December 2018 The standardized incidence
ratio (SIR) was defined as the observed number of cancers
during the observation time divided by the expected number
of cases, using incidence rates from the Swedish population
stratified for 5-year age groups (0–4, 5–9, . . . 80–84, 85-),
gender and calendar year. Incidence rates for different cancer
sites were used from the NORDCAN project. Furthermore, the
coding of cancer followed definitions according to International
rules for multiple primary cancers [11]. Univariable and
multivariable risk factor analyses by Cox proportional hazards
regression model for the development of posttransplant
malignancy were performed. The following parameters were
tested by univariable analyses: age (per 10 years), sex, BMI
(<20; 20–30; >30), smoking (never; cessation >6 months
before HTx listing; cessation <6 months before HTx listing),
hypertension, diabetes mellitus, TIA/stroke, previous cardiac
surgery, donor age (per 10 years), CMV+/− donor, CMV+/−
recipients, CMV mismatch, ventricular assist device (VAD),
ischemic time (<3; 3–4; >4 h), total induction dose with ATG
(<200; 200–800; >800 mg) and proliferation inhibitors
(azathioprine vs. MMF). Significant risk factors in the
univariate models for all cancers and NMSC, respectively
(Supplementary Tables S1, S2) were tested also in a
multivariable model. All statistical tests were two-sided, and a
p-value of <0.05 was considered statistically significant. Statistical
analyses were carried out with Stata/IC 16.1.

RESULTS

Mortality for the whole patient cohort within 30 days and 1-year
was 51/664 (8%) and 78/664 (12%), respectively. Overall survival
was for the whole cohort at 1, 5, 10, 15 and 20 years was: 88%
(95% CI 86%–90%); 80% (95% CI 76%–83%); 67% (95% CI 63%–
71%); 53% (95% CI 48%–58%) and 37% (95% CI 32%–43%),
respectively. Overall survival for HTx patients increased

TABLE 1 | Patient characteristics*.

Characteristics

Age, years 48 (33–57)
Follow-up time, years 7.7 (3.0–13.6)
Gender
Males 494 (74)
Females 170 (26)

Smoking
Previous, cessation <6 months before HTx 57 (9)
Previous, cessation >6 months before HTx 227 (34)
Never 355 (53)
Missing data 25 (4)

Previous malignancy, and type
Acute lymphoblastic leukemia (ALL) 3 (11.1)
Adrenal gland 1 (3.7)
Breast 2 (7.4)
Corpus uteri 1 (3.7)
Hodgkin lymphoma 3 (7.4)
Connective and soft tissue of lower limb including hip 1 (3.7)
Connective and soft tissue of thorax 1 (3.7)
Lymphosarcoma 3 (11.1)
Ovary 1 (3.7)
Other primary malignant neoplasm of lymphoid tissue 1 (3.7)
Other skin of other and unspecified parts of face 1 (3.7)
Pelvic bones, sacrum and coccyx 1 (3.7)
Prostate 1 (3.7)
Stomach 2 (3.7)
Testis 1 (3.7)
Unspecified axilla and upper limb lymph nodes 1 (3.7)
Unspecified part of bronchus or lung 1 (3.7)
Vertebral column 1 (3.7)

Total 26 (100)
Donors
Males 405 (61%)
Females 255 (38%)
Missing data 4 (1%)

Median age of the donor, years 40.0 (23–51)

*Values are presented as medians with interquartile ranges or numbers and percentages
within parenthesis.

FIGURE 1 | Etiology of heart failure as proportions of patients by
diagnosis prior to heart transplantation. DCM= dilated cardiomyopathy, IHD =
ischemic heart disease, CHD = congenital heart disease, HCM = hypertrophic
cardiomyopathy.
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significantly over time (p < 0.001). Five-year overall survival for
those who underwent HTx between 1985 and 2000 was: 70%
(95% CI: 64%–75%); between 2001 and 2010 81% (95% CI: 75%–
86%); and between 2011 and 2017 92% (95% CI: 85%–96%)
(Supplementary Figure S1).

A total of 231 de novo cancers were diagnosed in 138 HTx
patients during follow-up, which corresponds to 19.6% of the
total study population (Table 2). In contrast 37.5 detected cancers
would have been in a cohort from the general population
matched by age, sex and time period. This resulted in a SIR of
6.2 (95% CI 5.4–7.0) for all cancers and a SIR of 2.9 (95% CI:
2.4–3.5) after exclusion of NMSC.

The cumulative incidence of a de novo malignancy between
1 and 5 years after transplant was 4.6%. The cumulative incidence
of cancer for the total cohort at 1, 5, 10, 15 and 20 years was 2.4%
(95% CI 1.5–3.9), 7.0% (95% CI 5.2–9.3), 19% (95% CI 15.8–23),
26% (95% CI 22–31) and 33% (95% CI 28–38), respectively.

Cumulative incidence of post-HTx cancers by three
prespecified time periods showed no difference over time
(Figure 2A). During these same eras there was a significant
decrease in overall cumulative mortality (Figure 2B).

The type and frequency of solid tumors for the total group, and for
men and women separately, are listed in Table 2. The most common
type of cancer was NMSC (55% of all cancers), non-Hodgin’s
lymphoma (11.7%of all cancers) and lung cancer (4.3%of all cancers).

Among the patients who developed lung cancer (eight men
and two women), 80% had a smoking history. Among them, four
patients had stopped smoking <6 months before HTx listing and
four had stopped >6 months before HTx listing.

A total of 44 patients (32%) had multiple tumors; 18 patients
had 2 tumors, 6 patients had 3 tumors, 3 patients had 4 tumors and
5 patients had 5 tumors. Two patients developed 7 tumors each.
One had 5NMSC, one lip tumor and one salivary gland tumor, and
the other had 5 NMSC, 1 anal cancer and 1 salivary gland tumor.

The SIR for cancer types diagnosed in four persons or more,
are shown in Table 3. The excess risk of all cancers for the total
population was 6.2 and similar between men and women (SIR
6.39 and SIR 5.18, respectively).

The overall incidences of cancers in the cohort were higher
than expected for: NMSC (SIR 82.6, 95% CI 69.4–98.3); non-
Hodgkin lymphoma (SIR 24.8, 95% CI 17–36.1); malignant

TABLE 2 | Number of cancers after HTx according to ICD-10.

Site (ICD-10) Sex Total

Males Females

Acute myeloblastic leukemia (AML) (C92) 1 1
Anus (C21) 1 1
Bladder (C67) 1 1
Breast (C50) 3 3
Brain (C71) 2 2
Colon (C18) 1 1
Cerebral meninges (C70) 2 1 3
Cervix uteri (C53) 1 1
Connective and soft tissue (C49) 1 1
Extrahepatic bile duct (C24) 1 1
Gastric (C16) 4 1 5
Glottis (C32) 1 1 2
Hodgkin lymphoma (C81) 1 1
Kidney (C64) 3 3
Lip (C00) 7 7
Lung (C34) 8 2 10
Lymph nodes (C77) 1 1
Malignant melanoma (C43) 4 2 6
Malignant of other and ill-defined sites (C76) 1 1
Multiple Myeloma (C90) 4 4
Non-Hodgkin lymphoma (C83-C85) 22 5 27
Nasal cavity (C30) 1 1
Penis (C60) 2 2
Prostate (C61) 12 12
Oral cavity (C03,C08) 2 2
Other malignant neoplasms of skin (C44) 110 17 127
Tonsil (C09) 1 1
Upper respiratory tract (C39) 1 1
Urethra (C66) 1 1
Vulva (C51) 2 2
Total 195 36 231

FIGURE 2 |Cumulative incidence of competing risks cancer (A) and death (B), and related to time-era after heart transplantation. Both outcomes cancer and death
need to be assessed together since they are competing outcomes. Estimates and 95% confidence intervals are shown under the number of patients at risk.
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melanoma (SIR 9.42, 95% CI 4.24–21.0); multiple myeloma (SIR
9.08, 95% CI 3.41–24.2); gastric (SIR 7.86, 95% CI 3.27–18.9);
lung (SIR 3.68, 95% CI 1.98–6.84); and kidney (SIR 3.20, 95%
CI 1.03–9.92).

Among the 138 HTx patients who developed post-HTx
cancer, 29 died from their malignancy: non-Hodgkin
lymphoma (n = 13), lung cancer (n = 8), NMSC (n = 5), and
gastric (n = 3).

Univariable and multivariable associations between baseline
factors and cancer (omitting NMSC) are shown in Table 4.
Independent predictors of cancer development included:
smoking cession <6 months before HTx listing [HR 3.46 (95%

CI 1.69–7.07), p < 0.001]; hypertension [HR 2.16 (95% CI
1.10–4.26), p < 0.026]; ischemic time (reference: <3 h) 3–4 h
[HR 1.93 (95% CI 1.09–3.40), p = 0.024]; and treatment with
azathioprine (vs. MMF) [HR 1.69 (95% CI 0.99–2.90), p < 0.055].
Interestingly, CMV mismatch was not significantly associated
with cancer [HR 0.79 (95% CI 0.39–1.62), p = 0.53].

Significant risk factors in the multivariable model predicting
NMSC only (Table 4) were: age per 10 years [HR 2.90 (95% CI
1.85–4.55), p < 0.001]; hypertension [HR 1.87 (95% CI
0.91–3.84), p < 0.091], seronegative CMV-donor [HR 2.14
(95% CI 1.11–4.14), p = 0.024], and treatment with
Azathioprine [HR 2.53 (95% CI 1.20–5.36), p < 0.015].

TABLE 3 | Observed and expected cancer risks following HTx.*

Site (ICDO-10) Observed number Expected number Person years SIR (95% CI)

All sites
Total
Males
Females

231
195
36

37.5
30.5
6.95

5,668
4,175
1,493

6.16 (5.42–7.01)
6.39 (5.55–7.35)
5.18 (3.74–7.18)

All sites (except NMSC)
Total
Males
Females

104
85
19

35.9
29.2
6.73

5,668
4,175
1,493

2.89 (2.39–3.51)
2.91 (2.35–3.60)
2.82 (1.80–4.43)

Lip (C00)
Total
Males
Females

7
7
0

0.10
0.08
0.01

5,668
4,175
1,493

72.6 (34.6–152)
83.0 (39.6–174)

—

Stomach (C16)
Total
Males
Females

5
4
1

0.64
0.56
0.08

5,668
4,175
1,493

7.86 (3.27–18.9)
7.13 (2.68–19.0)
13.3 (1.87–94.5)

Breast (C32)
Total
Males
Females

3
0
3

2.38
0.05
2.33

5,668
4,175
1,493

1.26 (0.41–3.91)

1.28 (0.41–3.98)
Lung (C33, C34)
Total
Males
Females

10
8
2

2.72
2.21
0.51

5,668
4,175
1,493

3.68 (1.98–6.84)
3.62 (1.81–7.25)
3.93 (0.98–15.7)

Malignant melanoma (C43)
Total
Males
Females

6
4
2

0.64
0.56
0.08

5,668
4,175
1,493

9.43 (4.24–21.0)
7.13 (2.68–19.0)
26.6 (6.66–106)

Skin, NMSC (C44)
Total
Males
Females

127
110
17

1.54
1.31
0.23

5,668
4,175
1,493

82.6 (69.4–98.3)
84.0 (69.7–101)
74.7 (46.4–120)

Prostate (C61)
Males 12 10.6 4,110 1.13 (0.64–1.99)

Kidney (C64)
Total
Males
Females

3
3
0

0.94
0.82
0.12

5,668
4,175
1,493

3.20 (1.03–9.92
3.65 (1.18–11.3)

Non-Hodgkin lymphoma (C81-C85)
Total
Males
Females

27
22
5

1.09
0.92
0.17

5,668
4,175
1,493

24.8 (17.0–36.1)
23.9 (15.7–36.3)
29.4 (12.2–70.6)

Myeloma (C90)
Total
Males
Females

4
4
0

0.44
0.38
0.06

5,628
4,135
1,493

9.08 (3.41–24.2)
10.6 (3.99–28.3)

*Observed and expected number of cancers, person years in follow-up and Standardized Mortality Ratio (SIR) per site after heart transplantation. NMSC, non-melanoma skin cancer (not
including basal cancer).
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A total of 26 patients (4%) had a malignancy history >5 years
before HTx. The median age at their first tumor was 34 years
(IQR; 11.3–52.2 years). The most common cancers were: acute
lymphoblastic leukemia, lymphosarcoma, and Hodgkin
lymphoma, shown in Table 1. There were no significant

differences in overall survival between those with and
without cancer before HTx (Figure 3). Furthermore, there
was no significant difference in post-HTx relative survival
between patients who were cancer-free before and after
HTx (Figure 4).

TABLE 4 | Uni- and multivariable Cox proportional hazard regression for developing cancer.*

Risk factors for any cancer except skin cancer after HTx

Variable Number of persons with cancer/N Cox proportional hazard regression

Univariable Multivariable

HR (95% CI) p HR (95% CI) p

Smoking
No, never 23/355 1.0 (ref.) 1.0 (ref.)
No, stopped >6 months before HTx 27/227 1.84 (1.05–3.21) 0.032 1.70 (0.96–3.02) 0.070
No, stopped < 6 months before HTx 12/57 3.12 (1.55–6.27 0.001 3.46 (1.69–7.07) 0.001

Hypertension
No 51/565 1.0 (ref.) 1.0 (ref.)
Yes 11/74 1.92 (1.00–3.68) 0.050 2.16 (1.10–4.26) 0.026

Ischemic time (hours)
<3 23/285 1.0 (ref.) 1.0 (ref.)
3–4 30/274 1.44 (0.84–2.48) 0.19 1.93 (1.09–3.40) 0.024
>4 10/97 1.59 (0.75–3.34) 0.22 1.92 (0.87–4.24) 0.11

Proliferation inhibitors
MMF 23/355 1.0 (ref.) 1.0 (ref.)
Azathioprine 40/288 1.68 (1.00–2.83) 0.050 1.69 (0.99–2.90) 0.055

Risk factors for skin cancer after HTx
Age, per 10 years 40/664 2.53 (1.77–3.62) <0.001 2.90 (1.85–4.55) <0.001
Hypertension
No 29/565 1.0 (ref.) 1.0 (ref.)
Yes 11/74 3.74 (1.86–7.49) <0.001 1.87 (0.91–3.84) 0.091

CMV donor
Positive 19/400 1.0 (ref.) 1.0 (ref.)
Negative 18/205 2.01 (1.05–3.83) 0.034 2.14 (1.11–4.14) 0.024

Proliferation inhibitors
MMF 13/355 1.0 (ref.) 1.0 (ref.)
Azathioprine 27/288 1.54 (0.79–3.01) 0.20 2.53 (1.20–5.36) 0.015

HTx, heart transplantation; CMV, cytomegalo virus; MMF, mycophenolate mofetil.
*Time to first cancer analyzed. Twenty years follow-up.

FIGURE 3 | Pretransplant malignancy overall survival compared to
those without. Estimates and 95% confidence intervals are shown under the
number of patients at risk.

FIGURE 4 | Pretransplant malignancy relative survival compared to
those without. Estimates and 95% confidence intervals are shown under the
number of patients at risk.
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DISCUSSION

In the current study, we observed a 6.2-fold excess risk of cancer
following HTx relative to the general population.When excluding
NMSC, the excess risk was 2.9-fold. The cumulative incidence of a
de novo malignancy between 1 and 5 years after HTx was 4.6%,
which is lower compared to previous studies. In a study by Yoan
et al., including over 17,000 patients [17] the corresponding
incidence rate of de novo malignancy was 10.7%, which is
considerably higher than the 4.6% rate observed in the present
study. Yoan et al., derived data from the ISHLT registry, with a
high rate of missing data supported by the fact that 24,000 HTx
patients were excluded from the analyses. We therefore argue that
they overestimated the risk of cancer due to positive selection. In
contrast, we have derived data from national full coverage
registries with a very low risk of missing any cancer. Data
extraction from complete registries with detailed information
on individual level makes this study unique. An improved post-
HTx survival was observed during later eras, this could not be
explained by a reduction in cancer incidence, which remained
stable over the study period. This could indicate earlier detection
and/or improved post-HTx cancer treatment.

It is well known that transplanted patients, as compared to the
general population, have a higher incidence of NMSC, and the
detected tumors are more aggressive [18]. It is also acknowledged
that the incidence of NMSC increases with the intensity and
duration of immunosuppression [19]. The SIR for NMSC of
82.6 in our cohort was more than four times higher as compared
to the SIR of 18.5 reported by Collett et al. [3]. However, Collett
et al. noted that their results might have been underestimated,
since lesions might have been removed without a histological
examination. A study from Finland, including 479 patients
reported a SIR of 51.9 for squamous cell carcinoma (SCC)
[20], which is also lower than we observed. Crespo Leiro et al.
[21] and Vaan Keer et al. [22] studied the incidence of NCSC in a
Spanish and Belgian population, but didn´t compare the cancer
incidence to the general population, why SIR could not be
calculated. In our study, almost 55% of the tumors (127 of
231) were NMSC. Corresponding numbers in the studies by
Crespo-Leiro et al. and Vann Keer et al. were 51% (324 of 490)
and 22% (58 of 263). The median duration of patient follow-up
was 7.7 years in the present study compared to with 5.8 years in
the study by Crespo-Leiro et al. and 10.7 years in the study by
Vaan Keer et al.

While lung cancer in men has declined in Sweden since the
1980s, the opposite trend has been observed in women, to the
point where more women than men now develop lung cancers
[23]. The overall SIR for lung cancer (3.68) was higher than
observed in other comparable studies (2.0–2.79) [3, 24–27]. There
was no significant increased risk for lung cancer in transplanted
women presented in a Spanish study by Crespo-Lieiro et al. [25],
with over four thousand patients. Among patients with a history
of smoking in our study, 284 patients (43%) had stopped smoking
6 months or more before being listed for transplantation. Crespo-
Lieiro et al [25] showed an association between previous smoking
and development of post-HTx lung cancer. In that study the
median time between HTx and the lung cancer diagnosis was

6.4 years, compared to 7.8 years (IQR: 4.1–12.2) in our study. In
addition to hypertension and longer ischemic time, previous
smoking was also a risk factors for the development of NMSC
in the present study.

The SIR for prostate cancer in our cohort was low (1.13),
indicating that immunosuppression after HTx was not associated
with a significantly increased prostate cancer risk. Similar
findings have also been reported in a meta-analysis including
six independent studies, with over 21,000 heart transplant
patients [28]. Why immunosuppression does not increase the
risk for prostate cancer remains largely unknown, but this may in
part be explained by intensive screening before HTx, and the
possibility that male HTX recipients don’t survive long enough to
develop prostate cancer, which mostly occurs after the age of
70 years [23]. These findings support that patients with low-grade
prostate cancer could be accepted for HTx without the often
applied 5-year cancer free waiting period.

An excess risk of lip cancer was demonstrated (SIR 72.6)
corroborating findings by Collet et al (SIR 60) and Jääma-
Holmberg et al (SIR 47.4). The reason remains unclear, but
may be related to the fact that this is a NMSC, and therefore
can be classified as skin cancer. There is an association between
smoking and lip cancer and the fact that two patients diagnosed
with lip cancer (seven lip cancers among four persons) had a
history of smoking may partially explain our findings. Sun
exposure is also a well-established risk factor for the
development of lip cancer [29]. Among the seven patients
with a lip cancer, five (71%) also had a NMSC.

A history of malignancy within 5 years has been considered to
be a contraindication for transplantation because of the increased
risk of recurrence following initiation of immunosuppressive
therapy. Sigurdardottir et al. [30] reported a cancer recurrence
rate of 63%, if the disease-free interval between malignancy and
HTx was less than 1 year, but only 6% if the HTx recipient had
been cancer free for more than 5 years. However, prostate cancer
was not presented as a separate entity, why the post-HTx relapse
of prostate cancer remains unclear. In a review article by Mistiaen
et al [31], patients with localized prostate cancer before
transplantation had no increased risk of reduced survival post-
HTx [31]. At present, there is no consensus regarding the optimal
time interval between cancer treatment and HTx [32, 33], but a
relapse free period of ≥5 years is a common criterion, which has
also been applied at our center. However, when post HTx survival
is constantly improving, at the same time as cancer incidence
remains unchanged, it might be time to revise and consider
individualization of these criteria.

Limitations
The current study did not investigate whether the patients had
BCC before or after HTx, since this cancer form has been
considered rather benign and, therefore, not reported in the
SCR. The growth rate of BCC is slow and this cancer rarely
metastasizes [34]. Post-transplant lymphoproliferative disease
(PTLD), a well-known complication after HTx [35] is not
recorded as a specific entity in the SCR, why the exact number
of patients with PTLD is cannot be reported. Instead, such cases
are presented as lymphomas.
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There are multiple primary cancer coding rules to count
incident cases. Cancer registries in the U.S. and Canada use,
for example, SEER multiple primary rules. In this study, the
International Rules for Multiple Primary Cancers (IARC/IACR,
ICD-0 Third Edition) was applied. Compared to SEER rules,
IARC/IACR recognizes fewer multiple primary cancers [36],
whichmay explain the differences compared to other studies [26].

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

Regional Ethical Review Board at University of Gothenburg (EPN
no. 019-09) approved the study and waived the need for
individual consent.

AUTHOR CONTRIBUTIONS

CS: Conceived and designed the analysis, collected the data,
wrote the paper. AW: Conceived and designed the
analysis. EH: Collected the data, performed the analysis,
wrote the paper. KK: Conceived and designed the analysis,
collected the data, wrote the paper JM: Collected the data,
wrote the paper. GD: Conceived and designed the analysis,
collected the data, performed the analysis, wrote the paper. All

authors contributed to the article and approved the
submitted version.

FUNDING

The authors declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by grants from the Swedish Heart and Lung
Foundation, and from the Swedish state under the agreement
between the Swedish government and the county councils, the
ALF-agreement (ALFGBG-717811 to GD).

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

ACKNOWLEDGMENTS

We would like to thank all participants of the heart transplant
team for their dedicated clinical work.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontierspartnerships.org/articles/10.3389/ti.2024.
12109/full#supplementary-material

REFERENCES

1. Hall EC, Pfeiffer RM, Segev DL, Engels EA. Cumulative Incidence of Cancer
After Solid Organ Transplantation. Cancer (2013) 119(12):2300–8. doi:10.
1002/cncr.28043

2. Adami J, Gabel H, Lindelof B, Ekström K, Rydh B, Glimelius B, et al. Cancer
Risk Following Organ Transplantation: A Nationwide Cohort Study in
Sweden. Br J Cancer (2003) 89(7):1221–7. doi:10.1038/sj.bjc.6601219

3. Collett D, Mumford L, Banner NR, Neuberger J, Watson C. Comparison of the
Incidence of Malignancy in Recipients of Different Types of Organ: A UK
Registry Audit. Am J Transplant (2010) 10(8):1889–96. doi:10.1111/j.1600-
6143.2010.03181.x

4. Vajdic CM, van Leeuwen MT. Cancer Incidence and Risk Factors After Solid
Organ Transplantation. Int J Cancer (2009) 125(8):1747–54. doi:10.1002/ijc.
24439

5. Krynitz B, Edgren G, Lindelof B, Baecklund E, Brattström C, Wilczek H, et al.
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 (2013) 132(6):1429–38. doi:10.1002/ijc.27765

6. Roithmaier S, Haydon AM, Loi S, Esmore D, Griffiths A, Bergin P, et al.
Incidence of Malignancies in Heart and/or Lung Transplant Recipients: A
Single-Institution Experience. J Heart Lung Transplant (2007) 26(8):845–9.
doi:10.1016/j.healun.2007.05.019

7. Jensen P, Hansen S, Møller B, Leivestad T, Pfeffer P, Geiran O, et al. Skin
Cancer in Kidney and Heart Transplant Recipients and Different Long-Term
Immunosuppressive Therapy Regimens. J Am Acad Dermatol (1999) 42(2):
307–186. doi:10.1016/S0190-9622(00)90154-3

8. Crespo-Leiro MG, Alonso-Pulpón L, Vázquez de Prada JA, Almenar L, Arizón
JM, Brossa V, et al. Malignancy After Heart Transplantation: Incidence,
Prognosis and Risk Factors. Am J Transplant (2008) 8(5):1031–9. doi:10.
1111/j.1600-6143.2008.02196.x

9. Barlow L, Westergren K, Holmberg L, Talbäck M. The Completeness of the
Swedish Cancer Register: A Sample Survey for Year 1998. Acta Oncol (2009)
48(1):27–33. doi:10.1080/02841860802247664

10. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish
Personal Identity Number: Possibilities and Pitfalls in Healthcare and Medical
Research. Research Support, Non-U.S. Gov’t. Eur J Epidemiol (2009) 24(11):
659–67. doi:10.1007/s10654-009-9350-y

11. International Rules for Multiple Primary Cancers (ICD-0 Third Edition).
International Rules for Multiple Primary Cancers (ICD-0 Third Edition).
Eur J Cancer Prev (2005) 14(4):307–8. doi:10.1097/00008469-200508000-
00002

12. Mehra MR, Kobashigawa J, Starling R, Russell S, Uber PA, Parameshwar J,
et al. Listing Criteria for Heart Transplantation: International Society for Heart
and Lung Transplantation Guidelines for the Care of Cardiac Transplant
Candidates--2006. J Heart Lung Transpl (2006) 25(9):1024–42. doi:10.1016/j.
healun.2006.06.008

13. Carlstrom M, Dahlin S, Gabel J, Doanhu R, Hörlinge J, Jeppsson A, et al.
265 Tricuspid Regurgitation and Surgical Technique Influences Outcome
After Heart Transplantation. J Heart Lung Transplant (2012) 31(4):S96.
doi:10.1016/j.healun.2012.01.272

14. Dellgren G, Westerlind A, Liden H, Gäbel J, Bartfay SE, Bollano E, et al.
Continuous Improvement in Outcome After Heart Transplantation — Long-
Term Follow-Up After Three Decades of Experience. Int J Cardiol (2017) 231:
188–94. doi:10.1016/j.ijcard.2016.12.186

Transplant International | Published by Frontiers September 2024 | Volume 37 | Article 121098

Stenman et al. Cancer After Heart Transplantation

https://www.frontierspartnerships.org/articles/10.3389/ti.2024.12109/full#supplementary-material
https://www.frontierspartnerships.org/articles/10.3389/ti.2024.12109/full#supplementary-material
https://doi.org/10.1002/cncr.28043
https://doi.org/10.1002/cncr.28043
https://doi.org/10.1038/sj.bjc.6601219
https://doi.org/10.1111/j.1600-6143.2010.03181.x
https://doi.org/10.1111/j.1600-6143.2010.03181.x
https://doi.org/10.1002/ijc.24439
https://doi.org/10.1002/ijc.24439
https://doi.org/10.1002/ijc.27765
https://doi.org/10.1016/j.healun.2007.05.019
https://doi.org/10.1016/S0190-9622(00)90154-3
https://doi.org/10.1111/j.1600-6143.2008.02196.x
https://doi.org/10.1111/j.1600-6143.2008.02196.x
https://doi.org/10.1080/02841860802247664
https://doi.org/10.1007/s10654-009-9350-y
https://doi.org/10.1097/00008469-200508000-00002
https://doi.org/10.1097/00008469-200508000-00002
https://doi.org/10.1016/j.healun.2006.06.008
https://doi.org/10.1016/j.healun.2006.06.008
https://doi.org/10.1016/j.healun.2012.01.272
https://doi.org/10.1016/j.ijcard.2016.12.186


15. Ederer F, Axtell LM, Cutler SJ. The Relative Survival Rate: A Statistical
Methodology. Natl Cancer Inst Monogr (1961) 6:101–21.

16. Fine JP, Gray RJ. A Proportional Hazards Model for the Subdistribution of a
Competing Risk. J Am Stat Assoc (1999) 94(446):496–509. doi:10.1080/
01621459.1999.10474144

17. Youn J-C, Stehlik J, Wilk AR, Cherikh W, Kim IC, Park GH, et al. Temporal
Trends of De Novo Malignancy Development After Heart Transplantation.
J Am Coll Cardiol (2018) 71(1):40–9. doi:10.1016/j.jacc.2017.10.077

18. Euvrard S, Kanitakis J, Pouteil-Noble C, Disant F, Dureau G, Finaz de Villaine
J, et al. Aggressive Squamous Cell Carcinomas in Organ Transplant Recipients.
Transplant Proc (1995) 27(2):1767–8.

19. Fortina AB, Piaserico S, Caforio AL, Abeni D, Alaibac M, Angelini A, et al.
Immunosuppressive Level and Other Risk Factors for Basal Cell Carcinoma
and Squamous Cell Carcinoma in Heart Transplant Recipients. Arch Dermatol
(2004) 140(9):1079–85. doi:10.1001/archderm.140.9.1079

20. Jäämaa-Holmberg S, Salmela B, Lemström K, Pukkala E, Lommi J. Cancer
Incidence and Mortality After Heart Transplantation - A Population-Based
National Cohort Study. Acta Oncologica (2019) 58(6):859–63. doi:10.1080/
0284186X.2019.1580385

21. Crespo-Leiro MG, Paniagua-Martin MJ, Muniz J, Marzoa-Rivas R, Rodriguez
JA, Franco R, et al. Malignancy After Heart Transplantation. Incidence and
Survival From a Cohort of 378 Patients. Eur Heart J (2007) 28:352.

22. Van Keer J, Droogne W, Van Cleemput J, Vörös G, Rega F, Meyns B, et al.
Cancer After Heart Transplantation: A 25-Year Single-Center Perspective.
Transplant Proc (2016) 48(6):2172–7. doi:10.1016/j.transproceed.2016.03.037

23. Socialstyrelsen. Statistics on Cancer Incidence 2018 (2018-6-10). Stockholm:
Socialstyrelsen (2018). p. 6. Available from: https://www.socialstyrelsen.se/
publikationer2018/2018-6-10 (Accessed February 20, 2019).

24. Jiang Y, Villeneuve PJ, Wielgosz A, Schaubel DE, Fenton SS, Mao Y. The
Incidence of Cancer in a Population-Based Cohort of Canadian Heart
Transplant Recipients. Am J Transpl (2010) 10(3):637–45. doi:10.1111/j.
1600-6143.2009.02973.x

25. Crespo-Leiro MG, Villa-Arranz A, Manito-Lorite N, Paniagua-Martin MJ,
Rábago G, Almenar-Bonet L, et al. Lung Cancer After Heart Transplantation:
Results From a Large Multicenter Registry. Am J Transpl (2011) 11(5):
1035–40. doi:10.1111/j.1600-6143.2011.03515.x

26. Kellerman L, Neugut A, Burke B, Mancini D. Comparison of the Incidence of De
Novo Solid Malignancies After Heart Transplantation to That in the General
Population. Am J Cardiol (2009) 103(4):562–6. doi:10.1016/j.amjcard.2008.10.026

27. Secnikova Z, Gopfertova D, Hoskova L, Hercogova J, Dzambova M, Jirakova
A, et al. Significantly Higher Incidence of Skin Cancer Than Other

Malignancies in Patients After Heart Transplantation. A Retrospective
Cohort Study in the Czech Republic. Biomed Pap Med Fac Univ Palacky
Olomouc Czech Repub (2015) 159(4):648–51. doi:10.5507/bp.2015.011

28. Bao J-M, Zhu H-L, Yang G-S, Chen PL, Dang Q, Chen XX, et al. No Significant
Association Between Immunosuppression in Solid Organ Transplantation and
Prostate Cancer Risk: A Meta-Analysis of Cohort Studies. Translational
Cancer Res (2019) 8(3):939–49. doi:10.21037/tcr.2019.06.03

29. Perea-Milla López E, Miñarro-Del Moral RM, Martínez-García C, Zanetti
R, Rosso S, Serrano S, et al. Lifestyles, Environmental and
Phenotypic Factors Associated With Lip Cancer: A Case-Control
Study in Southern Spain. Br J Cancer (2003) 88(11):1702–7. doi:10.
1038/sj.bjc.6600975

30. Sigurdardottir V, Bjortuft O, Eiskjær H, Ekmehag B, Gude E, Gustafsson F,
et al. Long-Term Follow-Up of Lung and Heart Transplant Recipients With
Pre-transplant Malignancies. J Heart Lung Transplant (2012) 31(12):1276–80.
doi:10.1016/j.healun.2012.09.007

31. Peter Mistiaen W. Heart Transplantation in Patients With Previous
Malignancy. An Overview. Acta Cardiol (2015) 70(2):123–30. doi:10.1080/
ac.70.2.3073502

32. Chapman JR, Webster AC, Wong G. Cancer in the Transplant Recipient. Cold
Spring Harb Perspect Med (2013) 3(7):a015677. doi:10.1101/cshperspect.
a015677

33. Mehra MR, Canter CE, Hannan MM, Semigran MJ, Uber PA, Baran DA, et al.
The 2016 International Society for Heart Lung Transplantation Listing Criteria
for Heart Transplantation: A 10-Year Update. J Heart Lung Transpl (2016)
35(1):1–23. doi:10.1016/j.healun.2015.10.023

34. Rubin AI, Chen EH, Ratner D. Basal-Cell Carcinoma. N Engl J Med (2005)
353(21):2262–9. doi:10.1056/NEJMra044151

35. Penn I, Hammond W, Brettschneider L, Starzl TE. Malignant Lymphomas in
Transplantation Patients. Transpl Proc (1969) 1(1):106–12.

36. Weir HK, Johnson CJ,Ward KC, ColemanMP. The Effect of Multiple Primary
Rules on Cancer Incidence Rates and Trends. Cancer Causes Control (2016)
27(3):377–90. doi:10.1007/s10552-016-0714-9

Copyright © 2024 Stenman, Wallinder, Holmberg, Karason, Magnusson and
Dellgren. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Transplant International | Published by Frontiers September 2024 | Volume 37 | Article 121099

Stenman et al. Cancer After Heart Transplantation

https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1080/01621459.1999.10474144
https://doi.org/10.1016/j.jacc.2017.10.077
https://doi.org/10.1001/archderm.140.9.1079
https://doi.org/10.1080/0284186X.2019.1580385
https://doi.org/10.1080/0284186X.2019.1580385
https://doi.org/10.1016/j.transproceed.2016.03.037
https://www.socialstyrelsen.se/publikationer2018/2018-6-10
https://www.socialstyrelsen.se/publikationer2018/2018-6-10
https://doi.org/10.1111/j.1600-6143.2009.02973.x
https://doi.org/10.1111/j.1600-6143.2009.02973.x
https://doi.org/10.1111/j.1600-6143.2011.03515.x
https://doi.org/10.1016/j.amjcard.2008.10.026
https://doi.org/10.5507/bp.2015.011
https://doi.org/10.21037/tcr.2019.06.03
https://doi.org/10.1038/sj.bjc.6600975
https://doi.org/10.1038/sj.bjc.6600975
https://doi.org/10.1016/j.healun.2012.09.007
https://doi.org/10.1080/ac.70.2.3073502
https://doi.org/10.1080/ac.70.2.3073502
https://doi.org/10.1101/cshperspect.a015677
https://doi.org/10.1101/cshperspect.a015677
https://doi.org/10.1016/j.healun.2015.10.023
https://doi.org/10.1056/NEJMra044151
https://doi.org/10.1007/s10552-016-0714-9
https://creativecommons.org/licenses/by/4.0/

	Malignancies After Heart Transplantation
	Introduction
	Patients and Methods
	Results
	Discussion
	Limitations

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	Supplementary Material
	References


