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ABSTRACT

Background. Basal cell carcinoma (BCC) is the second most common skin cancers in post-
transplant patients. Long-term immunosuppression predisposes the patients to higher risk. This
study was undertaken to develop a risk prediction model using the United Network for Organ
Sharing (UNOS) database.

Materials and methods. Heart transplant recipients (2000~2015) from the UNOS database
were analyzed. The Cox proportional hazards model was applied to screen the predictors associ-
ated with the development of BCC. Stepwise forward selection with Akaike information criterion
was done to obtain the multivariate model. Area under the curve was derived from the receiver
operating characteristics curve to assess the quality of the prediction model. A risk scoring sys-
tem was developed to stratify patients into different risk groups, and the occurrence rates of post-
transplant BCC among different groups were compared.

Results. There were 24,374 patients who received heart transplantation within this study
period, and 1211 recipients have been reported with BCC. The multivariate model provides area
under the curves at 5, 8, and 10 years posttransplant of 0.77, 0.76, and 0.76, respectively, in the
derivation set and 0.75, 0.74, and 0.74, respectively, in the validation set. The predicted and
observed probabilities of developing BCC in 5 years agree well across different risk groups.
Kaplan-Meier survival curves were generated, which demonstrate significant differences
between subjects in different risk groups.

Conclusion. A risk prediction model has been generated for the first time for BCC with a c-
statistic of >0.74 in both derivation and validation sets, making it a good tool for risk
stratification.

NE of the major causes of morbidity and mortality for
patients receiving heart transplantation is the development
of posttransplant malignancies owing to the extended survival
under chronic immunosuppression [1,2]. Nonmelanoma skin
cancer (NMSC) has been reported as the most prevalent cancer
after heart transplantation [1,3-6]. Many studies have been con-
ducted to analyze the potential risk factors of posttransplant
skin cancers; male sex, older age, white race, and greater sun-
shine exposure have consistently been identified as important
factors associated with NMSC [6-9].
A better understanding of the risk factors associated with
posttransplant skin cancers is important for accurate risk stratifi-
cation of heart transplant recipients. Although many risk
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predictors have been identified for skin cancer, few risk-stratifi-
cation models have been developed to guide posttransplant skin
cancer screening. In addition, available risk stratification mod-
els are developed either for all types of solid organ transplant
recipients [10,11] or for organs such as liver [12] or kidney [13]
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other than the heart. Furthermore, NMSC is often studied by
pooling the data from both squamous cell carcinoma and basal
cell carcinoma (BCC) patient groups [10,11]. Limited studies
have focused on the risk assessment and cancer screening for
BCC after heart transplantation.

This study developed a robust risk prediction model for the
BCC after heart transplantation using the United Network for
Organ Sharing (UNOS) database. The risk stratification tool
presented here can guide physicians in conducting early BCC
screening to increase skin cancer awareness and prevention.
This can potentially reduce the burden of skin cancer morbidity
and mortality among heart transplant population and improve
posttransplant survival and health care management.

MATERIAL AND METHODS
Data Source and Study Population

The UNOS registry of thoracic organ transplantation database was pur-
chased and used in this analysis on local institutional review board
approval. The database was queried to include adult patients (>18
years) who underwent heart transplantation between 2000 and 2015.
Patients listed for and received multiorgan transplantation were
excluded.

Outcome and Risk Factors

Baseline patient characteristics were assessed, which include demo-
graphic data (i.e., age, sex, race, and residential zip code at the time of
transplantation) and primary diagnosis. Zip code information was con-
verted into latitude coordinates per the suggestion of previous studies to
investigate the effect of sunshine exposure [8]. Important pretransplant
data such as patient status at transplant, patients’ malignancy status at
listing and transplant were collected. Donor-related risk factors includ-
ing skin and other types of cancer history, recipient, and donor human
leukocyte antigen (HLA)—mismatch level were considered. Recipients’
most recent tests for panel reactive antibody (PRA) against class I and
class II antigens were also included in the analysis. In addition, to study
the effect of immunosuppression drugs, induction with different types
of drugs including thymoglobulin, antithymocyte globulins, orthoclone
anti-T cell antibody directed to CD3 (OKT3), daclizumab, basiliximab,
and alemtuzumab were also included in the analysis. Whether and
when a patient developed skin BCC after transplant was determined
based on the posttransplant follow-up of malignancy status. Days
between transplantation and the time of diagnosis of BCC or the last fol-
low-up were determined as the time to event data. The time to event for
patients who did not develop BCC by the last follow-up were consid-
ered as censored data.

Statistical Analysis

Patients derived from the UNOS database were divided into derivation
(80%) and validation (20%) groups. Patient characteristics were com-
pared between the derivation and validation groups as well as between
the cancer and noncancer groups. Continuous variables were reported
as mean (standard deviation), and categorical variables were summa-
rized by percentages. A x> test was done for comparison of categorical
variables, and the Wilcoxon rank-sum test was used for comparison of
continuous variables.

The Cox proportional hazards model was developed to study the
association of different risk factors with the posttransplant BCC event.
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Univariate analysis was performed, and variables with a P value less
than .1 were selected as inputs to the multivariate analysis. Stepwise for-
ward selection was done to assess the impact of each variable on the
Akaike information criterion. The multivariate model was used to pre-
dict the probability of developing posttransplant BCC at 5, 8, and
10 years. Receiver operating characteristic curves were plotted, and
area under the curves were calculated to assess the accuracy of the pre-
diction model. From the multivariate model, a score is determined for
each variable according to the hazard ratio. Patients were stratified into
different groups based on their total risk scores, and the predicted and
observed probability of developing BCC in 5 years for each group were
compared. In addition, Kaplan-Meier survival curves were generated to
show the occurrence rates of BCC among different groups, and the log-
rank test was applied to compare the intergroup differences. All the
analysis was performed using MATLB software from MathWorks, Inc
(Natick, Massachusetts). This project was carried out in accordance
with the rules of the institutional review board.

RESULTS
Patient Characteristics

There were 27,995 patients aged >18 years who received a
heart transplantation during the study period. By excluding
patients with unknown status at transplant and/or unknown
posttransplant BCC, the final study cohort contains 24,374
recipients for heart transplantation. The characteristics of the
whole population, as well as the derivation and validation
cohorts, are shown in Table 1. Continuous variables were
expressed as mean (standard deviation), and categorical varia-
bles were summarized by percentages. No significant differen-
ces were observed between the derivation and validation groups
for all candidate risk factors. Within the study population, 1211
recipients (4.97%) developed BCC, whereas 23,163 recipients
(95.03%) were not reported with the event. The patients in the
cancer group were older, had a higher percentage of male and
white race, had a lower level of recipient and donor HLA mis-
match level, and had a lower level of PRA against class I and
class II. Patients with coronary artery disease at listing and with
malignancy at listing and at transplant were more likely to
develop BCC. In addition, patients in the cancer group were
less likely to be in status 1A and more likely in status 1B or sta-
tus 2 than patients in the noncancer group. Furthermore,
patients who had induction therapy with OKT3 or daclizumab
were more likely to develop posttransplant BCC.

Effect of Era of Transplantation on Skin BCC Incidence

It has been reported that the incidence rate of skin cancer has
demonstrated significant difference among patients transplanted
at different years [8]. To show the consistency of the dataset,
BCC-free survival curves after heart transplantation were com-
pared between recipients transplanted during 1987 to 1999 and
during 2000 to 2015. Figure 1 provides the 10-year survival
curves for these 2 patient cohorts, which shows patients trans-
planted in the more recent years (i.e., 2000 to 2015) had a sig-
nificantly higher risk of developing skin BCC (P value < .001).
We postulated that the difference might be owing to more
aggressive posttransplant immunosuppression in the more



Table 1. Patient Characteristics

Derivation Validation P Value for P Value for
Total Group Group Derivation vs Cancer No Cancer Cancer vs
(n=24,374) (n=19,499) (n=4875) Validation (n=1211) (n=23,163) No Cancer
Age,y 52.1 (12.6)" 52.2 (12.6)" 52 (12.7)* 449 58.5 (7.87)* 51.8 (12.7)* <.001
Female 24.6 24.8 23.6 .0818 11.5 25.3 <.001
HLA mismatch level 4.67 (1.01)* 4.67 (1.01)* 4.68 (1.01)* 514 4.56 (1.1)* 4.68 (1.01)* .001
Latitude 37.4 (5.31)* 37.4 (5.31)* 37.3 (5.28)" 496 37.1(5.52)* 37.4 (5.30)* .200
PRA
Class | antigens 5.39 (16.4)* 5.41 (16.5)* 5.31 (16.0)* .894 3.43 (12.5)* 5.5 (16.5)" <.001
Class Il antigens 3.99 (14.5)" 4.03 (14.6)* 3.85(14.1)* .694 2.64 (11.2)* 4.06 (14.6)* .001
Race
White 71.6 71.9 70.6 .068 97.5 70.3 <.001
Black 175 174 17.9 406 0.165 18.4 <.001
Hispanic 7.22 7.09 7.71 133 1.73 7.50 <.001
Other 3.64 3.61 3.8 525 0.578 3.80 <.001
Diagnosis at listing
Dilated myopathy 81.9 82 81.3 .21 82.1 81.9 .857
Restrictive myopathy 2.21 2.13 2.52 .0929 2.56 2.19 .392
Heart retransplant 2.66 2.68 2.59 722 1.65 2.71 .0254
Coronary artery disease 4.61 4.52 4.97 183 5.95 4.54 .0227
Hypertrophic myopathy 1.95 1.93 2.03 .642 1.65 1.96 443
Valvular heart disease 2.01 2.03 1.91 .585 2.81 1.96 .0413
Congenital heart defect 2.45 2.47 2.4 .789 1.40 2.51 .0154
Other 2.23 2.21 2.32 .647 1.90 2.25 421
Donor cancer history
No 98.1 98.1 98.2 .707 98.3 98.1 .563
Yes 1.6 1.63 1.48 .46 1.40 1.61 .584
Unknown 0.275 0.262 0.328 426 0.248 0.276 .853
Malignancy at listing
No 92.7 92.6 93.0 .332 89.5 92.9 <.001
Yes 5.79 5.86 5.52 .360 8.59 5.65 <.001
Unknown 1.51 1.52 1.46 .754 1.90 1.49 249
Malignancy at transplant
No 98.0 98.0 98.0 .874 97.4 98.0 152
Yes 0.414 0.41 0.43 .841 1.16 0.376 <.001
Unknown 1.58 1.59 1.54 779 1.40 1.59 .607
Donor skin cancer history
No 97.3 97.4 97 145 97.1 97.4 .601
Yes 0.139 0.144 0.123 732 0.248 0.134 .301
Unknown 2.51 2.44 2.83 115 2.64 2.51 771
Patient status at transplant
Status 1A 46.3 46.1 47.0 .238 37.2 46.7 <.001
Status 1B 37.7 37.8 37.2 426 41.5 37.5 .005
Status 2 16.1 16.2 15.8 .581 214 15.8 <.001

(continued on next page)
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P Value for
Cancer vs
No Cancer
0.520
0.593
<0.001
<0.001
<0.001
0.124

No Cancer
23,163)

(n

144
4.94
2.37
17.5
1.55

Cancer
1211)

(n

15.0
5.28
5.62
12.6
11.9
0.991

P Value for
Derivation vs
Validation
.230
179
.789
.819
572
.067

Group
4875)

Validation

(n
149
5.33
2.59
8.15
17.5

Table 1 (Continued)
1.23

Group
(n =19,499)

Derivation
14.3
4.87
2.52
8.25
17.2
1.59

Total
24,374)

(n=
4.96
2.53
8.23
17.2

1.52

ATGAM, anti-thymocyte globulin; OKT3, orthoclone anti-T cell antibody directed to CD3; PRA, panel reactive antibody.
* Continuous variables are expressed as mean =+ standard deviation shown in parentheses. The other values are categorical variables expressed as percentages.

14.4

nduction with thymoglobulin

nduction with ATGAM

nduction with OKT3
nduction with alemtuzumab

nduction with daclizumab
nduction with basiliximab
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Fig 1. Skin BCC-free survival curves for patients transplanted
during different time periods. BCC, basal cell carcinonma.

recent years. Considering the impired overall survival in the
recent era because of newer immunosuppressive agents, risk
model was developed using the data between 2000 and 2015.

Prediction of BCC

The univariate Cox regression analysis (Table 2) showed that
age, sex, race, latitude, HLA mismatch level, PRA, malignancy
at listing and at transplant, heart retransplant, patients’ status at
transplant, and induction therapy with OKT3 or daclizumab
were significantly associated with posttransplant BCC (P <
.05). Variables with a P value less than .1 were selected as
inputs to the multivariate analysis. Furthermore, stepwise for-
ward selection was performed to assess the impact of each vari-
able on the estimator of model prediction error (i.e., Akaike
information criterion). Six variables were included in the final
multivariate model (Table 3), which include age, sex, race, lati-
tude, malignancy at listing, and induction therapy with daclizu-
mab. The receiver operating characteristics for 5, 8, and
10 years posttransplant BCC prediction showed area under the
curves of 0.77, 0.76, and 0.76, respectively, in the derivation
set and 0.75, 0.74, and 0.74, respectively, in the validation set
(see Fig 2 A, B for the derivation and validation groups, respec-
tively).

Risk Stratification

From the multivariate model, a risk score was developed to
stratify patients into 4 risk groups by 5-year posttransplant inci-
dence rate of BCC. The risk sore allocated points to age, sex,
race, latitude, malignancy at listing, and induction with daclizu-
mab. Points of 0, 1, and 2 were respectively assigned to patients
younger than 40 years old, between 40 and 60 years old, and
older than 60 years old; 0 and 1 were respectively assigned to
female and male patients; patients with resident latitude < 42°
got 1 point whereas patients with resident latitude >42° got 0,
white race patients and other race patients, respectively, had
points of 3 and 0; patients with malignancy at listing got 1
point, otherwise 0 was assigned; patients who had induction
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Table 2. Univariate Cox Regression Analysis Table 3. Multivariate Cox Regression Analysis
Hazard Ratio Hazard Ratio
Covariates Mean 95% Cl P Value Covariates Mean 95% ClI P Value
Age 1.07 1.06 1.07 < .001 Age 1.051 1.043 1.059 <.001
Female 0.380 0.311 0.464 <.001 Female 0.499 0.407 0.610 <.001
HLA mismatch level 0.897 0.845 0.953 <.001 Latitude 0.967 0.955  0.978 <.001
Latitude 0.979 0.968 0.990 <.001 Race
PRA White 1
Class | antigens 0.995 0.99 1.00 .049 Black 0.013 0.003 0.054 <.001
Class Il antigens 0.995 0.99 1.00 072 Hispanic 0.171 0.102  0.287 <.001
Race Other 0.131 0.054 0.316 <.001
White 1 Malignancy at listing
Black 0.010 0.003 0.040 <.001 No 1
Hispanic 0.164 0.099 0.274 <.001 Yes 1.705 1.361 2.135 <.001
Other 0.120 0.050 0.288 < .001 Unknown 1.088 0.690 1.715 728
Diagnosis at listing Induction with Daclizumab
Dilated myopathy 1 No 1 1
Restrictive myopathy 1.35 0.887  2.07 161 Yes 1.359 1.122 1.647 .002
Heart retransplant 0.568 0.335 0.964 .036
Coronary artery disease 1.15 0.873 1.50 .327
Hypertrophic myopathy 0.751 0.451 1.25 273
Valvular heart disease 1.23 0.83 1.81 307 developing BCC at the fifth year were computed and compared
Congenital heart defect 0.672  0.41 1.10 115 in Fig 3, which agree well with each other. The stratification
Other 0.884 0547 143 615 showed the risk of developing BCC after transplant in the high-
Donor cancer history risk group increased sixfold compared to the low-risk group.
No 1 To further demonstrate the occurrence rate of BCC after trans-
Yes 093 0562  1.56 801 plantation, Kaplan-Meier survival curves and risk tables were
U.nknown . 1.01 0252 4.04 990 generated for each group (Fig 4). As seen in Fig 4, the very
Malignancy at listing . L -
No ; ¥OW-I‘ISk group ShO\?VS mgnlﬁcantly lower probability of deve.lop-
Yes 1.89 151 236 < 001 ing BCC thap the high-risk group, and about 14% of .the subjects
Unknown 1.03 0.655 1.63 890 in the high-risk group have BCC after 5 years. In addition, a log-
Malignancy at transplant rank test was performed to test the null hypothesis that there is
No 1 no difference regarding the incidence rate among different
Yes 2.74 1.42 5.29 .003 groups. The result showed that the incidence rate of the high-
Unknown 0.58 0.336  1.00 .052 risk group was 1.84-fold higher than that of the moderate-risk
Donor skin cancer history group, the incidence rate of moderate-risk group was 2.67-fold
No 1 higher than that of the low-risk group, and the incidence rate of
Yes 0936 0562  1.56 801 low-risk group was 8.77-fold higher than that of the very low-
Unknown 1.01 0.252 4.04 .99 . Lo
Patient status at transplant risk group. P Vall}es of th.e log-rank test were significantly small
Status 1A 1 (< 0.05), illustrating the differences between groups.
Status 1B 1.16 1.00 1.33 .043
Status 2 1.07 0.897 1.27 463
Induction with thymoglobulin 1.13 0.943 1.34 189 gllsSkCFl’Jrzc?llcgg:‘s
Induction with ATGAM 0.978 0.735 1.3 .876
Induction with OKT3 1.42 1.06 1.89 .018 This paper summarizes a retrospective study of the posttrans-
Induction with daclizumab 1.21 1.00 1.47 048 plant event of BCC using the UNOS database. The final study
Induction with basiliximab 0978 0805 1.19 -824 cohort includes 24,374 heart transplant recipients, among which
Induction with alemtuzumab 0.759 0.407 1.42 .387

ATGAM, anti-thymocyte globulin; OKT3, orthoclone anti-T cell antibody
directed to CD3; PRA, panel reactive antibody.

with daclizumab got 1 point, otherwise O was assigned. A total
risk score ranging from O to 9 can be calculated for each patient
by summing the point of each variable. The patients were strati-
fied into 4 groups: very low-risk group (score < 3, n = 5818),
low-risk group (score = 4 or 5, n = 6650), moderate-risk group
(score = 6 or 7, n = 11,315), and high-risk group (score > 8§,
n = 591). The predicted and observed probabilities of

4.97% have been reported with BCC. Based on the Cox propor-
tional hazards model, 6 different predictors were selected to pre-
dict the occurrence of BCC after transplantation. Older age,
male sex, low latitude, white race, malignancy at listing, and
induction therapy with daclizumab increased the risk of cutane-
ous BCC. Among all these predictors, older age, male sex, and
white race are factors that have been consistently reported as
risk factors for the development of skin cancer in both the gen-
eral population and the solid organ transplantation recipients
[6-9,14-16]. Malignancy history at listing is an indicator for the
history of cancer, which has been recognized as risk factors for
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Fig 2. ROC curves of skin BCC prediction at 5, 8, and 10 years posttransplant. (A) Derivation set. (B) Validation set. BCC, basal cell car-

cinonma; ROC, receiver operating characteristics.

skin cancer development in various studies [9,10,17] and was
also identified as a major risk factor for posttransplant BCC in
our study. Latitude was also identified as a significant factor;
the higher the latitude, the lower the risk of developing BCC.
This is a reasonable result because latitude is used as proxy for
the ultraviolet exposure level, and the latter is an established
risk factor of skin cancer in the general population [8,13].

Incidence and Risk Score of BCC in Posttransplant
Recipients

The risk scoring system stratifies patients into 4 risk tiers, and the
average 5-year observed and predicted incidence rates of BCC are
0.003 and 0.001, 0.022 and 0.020, 0.069 and 0.066, and 0.135 and

|

0.15 T T T
[ Observed

[ Predicted

01

0.05

5-year Incidence Rate of BCC

0 —

<3 4~5 6~7
Risk Group
5-year Incidence Rate of BCC
Observed  0.003 0.022 0.069 0.135
Predicted 0.001 0.020 0.066 0.134

Fig 3. Predicted versus observed probability of BCC in 5 years.

0.134, respectively (Fig 3). Among all the predictors, latitude level
is negatively correlated with the cancer event. A latitude level
higher than 42° decreased the total risk score by one unit. The
model highlighted white race as the most significant risk factor,
and white race alone placed a recipient with a latitude level <42°
in the 2nd risk tier (i.e., low-risk group) and caused a 5-year BCC
risk of 1% (Fig 5). In addition, the risk factors of male, white race,
and age over 40 years old placed a recipient with a latitude level
<42° in the moderate-risk tier. Specifically, when the age was
between 40 and 60 years old, the probability of developing BCC
5 years after transplant is 5%; age older than 60 years further ele-
vated this risk to 9% (Fig 5). Furthermore, malignancy at listing
and/or induction therapy with daclizamab brought a white and
male recipient with a latitude level <42° from the moderate-risk
tier to the high-risk tier. As shown in Fig 5, induction therapy with
daclizumab elevated the risk of developing BCC 5 years after
transplant from 9% to 13% among male, white recipients who
were older than 60 years, and had a latitude level < 42°.

Limitations

There are some limitations that should be noted in the current
research. To study the effect of sunshine exposure, the latitude
information was calculated as a surrogate based on patients’ resi-
dential zip code at the time of transplantation. However, such sur-
rogate is not accurate, and more reliable biomarkers of ultraviolet
radiation should be developed [8]. In addition, because the
UNOS database has limited posttransplant measurements, the
risk prediction model in this study was developed using variables
collected before and at transplantation; impacts of immunosup-
pressive medications were limited to the analysis of different
types of induction drugs. However, the effect of different immu-
nosuppressive medications is subject to their levels and durations
[7,10,18]. Future analysis can be done to study the association
of immunosuppressive medications with the posttransplant
incidence of BCC. Some posttransplant malignancy forms
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submitted to the Organ Procurement Transplant Network reg-
istry have been reported to be incomplete [8,19]. Further
studies are required to validate the usage of UNOS database
for skin cancer analysis.

CONCLUSIONS

In conclusion, this study develops a risk stratification model
to predict posttransplant BCC risk based on a group of

regularly available characteristics of heart transplant recipi-
ents and provides a simple tool to guide dermatology referral
for skin cancer screenings. The accurate determination of the
occurrence rate of skin cancer for different risk groups can
suggest timely screening and improve posttransplant care.
The identification of high-risk patients can help raise cancer
awareness and reduce mortality and morbidity of skin cancer,
which will help improve the quality of life in the posttrans-
plant population.
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