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SUMMARY

The number of patients with a history of melanoma who are awaiting a
solid organ transplantation (SOT) is increasing. Few recommendations
exist on the timing to transplantation after melanoma diagnosis. The aim
of this study was to assess the melanoma recurrence-free survival after pre-
transplant melanoma (PTM). We conducted a multicenter ambispective
observational study. Organ transplant recipients (OTR) with a history of
PTM and complete AJCC staging were included. Thirty-seven patients
(predominantly men with a renal allograft) were included. Five melanomas
were in situ, 21 stage IA, 4 stage IB, 5 stage II, and 2 stage IIIB. The med-
ian post-transplantation follow-up time was 4 years. Sixty-two percent of
patients were followed up more than 2 years. Recurrence-free survival since
melanoma reached 89.9%, but varied significantly according to AJCC stag-
ing (P = 0.0129). Three patients presented a recurrence. Despite the rather
limited sample size and a wide range of follow-up, our findings concerning
the recurrence-free survival appear reassuring for in situ and stage IA
PTM; accordingly, we suggest that a waiting time to transplantation is not
mandatory in patients with in situ or stage IA PTM, especially whenever
SOT is urgently needed. Caution is, however, needed for patients with
higher stage.
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Introduction

The increasing incidence of melanoma is well docu-

mented in the general population [1,2]. The number of

solid organ transplantations (SOT) also regularly

increases [3]. Consequently, the issue of the manage-

ment of patients with a history of melanoma who

require a SOT becomes increasingly frequent.

The outcomes of melanoma in the general popula-

tion have been well documented. They depend on the

stage of the disease [4], determined by Breslow thick-

ness, and the presence of ulceration, lymph node

involvement, and distant metastasis. SOT requires a

lifelong immunosuppressive treatment (IST), which

may worsen the prognosis of melanoma. Indeed, the

outcome of melanoma in organ transplant recipients

(OTR) seems to be significantly poorer, especially so

for thicker tumors, compared with the general popula-

tion [5–8].
There are a few series of OTR with pretransplant

melanoma, either registry studies with many missing

data concerning the melanoma, and a few series with

complete data but very small patient sample size [5,8–
13]. Therefore, these studies cannot provide reliable

recommendations concerning the waiting time after

melanoma diagnosis, according to the AJCC staging

(American Joint Committee on Cancer) [4], after

which SOT could be considered safe. Very recently,

consensus expert opinion recommendations were pub-

lished on this issue, but they were extrapolated from

survival data in the immunocompetent population

[14]. Up till now, such OTR need to be assessed on an

individual basis, taking into account each patient’s own

risk and the consequences of not receiving SOT [15].

For reasons of chronic shortage of organs, it is impor-

tant to allocate them to patients who will obtain the

greatest benefit. We, therefore, conducted a multicen-

ter, ambispective study on the outcomes of patients

with pretransplant melanoma in order to assess the risk

of recurrence and mortality caused by melanoma after

SOT, so as to get insight into the necessity of respect-

ing a waiting time between melanoma diagnosis and

transplantation.

Materials and methods

Patients

Patients older than 18 years with pretransplant mela-

noma were included. Patients whose AJCC staging was

not available were excluded.

Study design

We conducted a multicenter, ambispective observational

study. Ethics approval was obtained on Feb 12, 2020, by

the Paris Research Ethics Committee. Cases were identified

by the French database in transplantation DIVAT with

exhaustive extraction (“Donn�ees Informatis�ees et Valid�ees

en Transplantation”, computerized and validated data in

kidney transplantation), to which eight hospital centers

participate, and by hospital Dermatologists (from the

French group “Peau et Greffe d’Organe”—Skin and Organ

Graft) involved in the management and follow-up of OTR.

Data collection

Investigators collected baseline data retrospectively, then

follow-up data prospectively, on an electronic case

report form over a 1-year period between 2019 and

2020. The data were retrieved from electronic medical

or archived paper files from each center and from

pathology laboratories. Missing values were retrieved

with a questionnaire sent to the patients.

Patient characteristics included date of birth, gender,

skin type (Fitzpatrick), hair color at age 20 years, eye

color, and global sun exposure score (1 point for each

of the following items: professional exposure, leisure

outdoor, tanning bed use, and residence in a tropical

zone). Skin history recorded the presence of atypical

nevi and history of familial melanoma. Melanoma data

included date of excision, tumor location, history of

pre-existing nevus, histological type, Breslow thickness,

ulceration, sentinel lymph node, AJCC 8 staging, and

first treatment. Transplantation data included date, type

of organ grafted, initial chronic IST, and at the latest

consultation, rejection or graft lost. Data relating to the

course included date and treatment of metastasis, date

and cause of death, and date of the latest consultation.

Endpoints

The primary endpoint was melanoma recurrence-free

survival since pretransplant melanoma. The secondary

endpoints were recurrence-free survival since transplanta-

tion, recurrence-free survival since melanoma according

to staging, melanoma outcome after transplantation, and

matched case-control analysis with the RIC-Mel database.

Statistical analysis

Categoricalvariablesweredescribed intermsoffrequencyand

percentages. The distributions of continuous variables were
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describedwithmedianandrange(minimumandmaximum).

For patients with two pretransplant melanomas, the thicker

melanomawasconsideredforAJCCstaging.

The recurrence-free survival was defined as the time

from the first melanoma (or the SOT) to the date of

melanoma recurrence, or until the latest follow-up date

(whichever occurred first). Deceased patients were cen-

sored at the date of death. Survival curves and log-rank

tests for comparison between stages were obtained using

the Kaplan–Meier method.

A RIC-Mel data extraction was performed on January

07, 2021. For each case, we tried to match one to four

controls on melanoma age (�5 years), gender, catego-

rized Breslow ([0–0.5]; [0.5–1]; [1–2]; [2–4]; and >4),
ulceration, year of melanoma (�20 years), and hospital

center geographic latitude (north/south). Recurrence-

free survivals were compared using Cox proportional

hazards model for matched data. The SAS STATISTICAL

software (V9.3) was used for all analyses.

Results

Study population

Fifty-eight patients with a history of pretransplant mela-

noma were identified (28 through the DIVAT database

and 30 through hospital practitioners of the GPGO;

Table 1). Thirty-seven OTR had a complete AJCC staging

and were included in the study (Lyon: 11, Nantes: 9,

Grenoble: 8, Paris: 5, Nice: 2, and Marseille and Montpel-

lier: 1 each). Twenty-two patients (59%) were men. The

mean global sun exposure score was 1.3. Three patients

had a history of familial melanoma. The median time

from diagnosis of melanoma to transplantation was

8.1 years (range, 0.2–18.4). Three of five stage 0 mela-

noma patients and 4 of 21 stage 1A melanoma patients

had been transplanted <2 years after melanoma diagnosis.

The median post-transplantation follow-up length was

4 years (range, 0.1–21.4). Twenty-three patients (62%,

including 3 in situ, 13 stage IA, 5 stage II, and 2 stage IIIB)

were followed over more than 2 years. The median time

from melanoma diagnosis to the latest follow-up or death

was 12.5 years (range, 1.4–28.4). The median patients’ age

at the latest follow-up was 63.9 years (range, 34–83) and
the median age at death was 66.5 years (range, 39.2–77).

Data on melanomas

Thirty-four patients had one pretransplant melanoma and

three patients had two pretransplant melanomas (Table 2).

After transplantation, three patients developed a second

melanoma in a different site from the primary tumor. Two

of them were in situ (patients #34 and 24) and were diag-

nosed 1 and 5 years after transplantation, respectively. The

third patient (#6) developed a stage IA melanoma 3 years

after transplantation. The median age of patients at first

melanoma diagnosis was 48 years (range, 23–53). The

median Breslow thickness was 0.55 mm (range, 0–18).
Patients #36 and 37, initially staged IB and IIA, developed

before transplantation a local and a lymph node recurrence,

39 and 19 months after melanoma diagnosis, respectively,

and were, therefore, upstaged to stage IIIB. Histologically,

there were 24 (64.8%) superficial spreading melanomas, 3

(8.1%) lentigo maligna melanomas, 1 case each (2.7%) of

acral lentiginous melanoma and nodular melanoma, and 4

cases each (10.8%) of unclassifiable or unknown type. Six

pretransplant melanomas developed on pre-existing nevi.

The melanomas were located on the legs (14), the back (7),

the face (7), the arms (4), the chest, the skull, the genitalia,

and the buttocks (one case each—in one case the localiza-

tion was unknown).

Transplantation data

The median age of patients at transplantation was

57 years (range, 30–76); 30 of them (81.1%) had

Table 1. Patients’ characteristics.

No. of patients (%)

Total 37 (100%)
Fitzpatrick’s skin type
Type I 1 (2.7%)
Type II 11 (29.7%)
Type III 11 (29.7%)
Type IV 1 (2.7%)
Type V 0
Type VI 0
NA* 13 (35.1%)

Hair color
Black 5 (13.5%)
Brown 13 (35.1%)
Blond 4 (10.8%)
Red 3 (8.1%)
NA 12 (32.4%)

Eye color
Brown 6 (16.2%)
Hazel 6 (16.2%)
Light 12 (32.4%)
NA 13 (5.1%)

Atypical nevi
Yes 8 (21.6%)
No 17 (46%)
NA 12 (32.4%)

*NA = not available.
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received a kidney transplant, 1 a kidney and pancreas, 3

a liver, 2 a heart, and 1 a lung transplant (Table 2). At

induction, 17 patients (45.9%) received a T-cell-

depleting treatment (antithymocyte globulins), 10

(27%) received basiliximab, and 1 patient received no

treatment [relevant data were missing for 9 (24.3%) of

the patients]. Initial IST contained a combination of

calcineurin inhibitor (CNI), mycophenolate mofetil

(MMF), and corticosteroids (CS) in two-thirds of cases,

three patients received azathioprine (AZA) and 6 ciclos-

porine, and three patients had an mTOR inhibitor

(mTORinh) from the beginning (everolimus). At the

end date, the latest IST consisted of low-dose CNI and

MMF in half of the cases. Fifteen patients were kept on

low-dose CS. Six patients had an mTORinh (everolimus

or sirolimus). Eight patients developed allograft rejec-

tion, which was treated by intravenous CS in all cases.

Nine patients lost their graft after a mean post-

transplantation delay of 7 years (range, 0.3–15.6). Fol-
lowing graft loss, five patients returned to dialysis and

three patients (#3, 4, and 12 in Table 1) received a sec-

ond transplant.

Outcomes of melanoma after transplantation

No recurrence was observed in the five patients

with in situ melanoma and the 21 patients with stage

IA melanoma, especially the four patients who were

grafted within 2 years after melanoma diagnosis, for

whom the minimum FU time post-transplantation was

5.2 years. Eight patients died, three of melanoma and

five of unrelated causes (two sepsis, one autoimmune

hepatitis, and two unknown; Table 2). Among the three

patients who died of melanoma, two had stage IB, and

one had stage IIA melanoma. Patient #27, with pre-

transplant melanoma stage IB (negative SLNB), pre-

sented a multimetastatic (lymph node, liver, lung, brain,

and bone) recurrence 18 months postgraft and was trea-

ted by immunotherapy (nivolumab and ipilimumab)

but died 1 month later. He had received a T-cell-

depleting treatment induction. Patient #29, with pre-

transplant melanoma stage IB (SLNB not performed),

presented a multimetastatic (lymph node, liver, lung,

and bone) recurrence 4 months post-graft and died

4 months later without specific treatment. He had not

received depleting induction treatment. Patient #32,

with pretransplant melanoma stage IIA (SLNB not per-

formed) presented a lymph node recurrence 7 years

postgraft and was treated with lymph node dissection

and interferon. Two years later, she presented liver and

bone metastases, and died 16 months later without

treatment. She had received a T-cell-depleting induction

treatment.

Survival analysis

The recurrence-free survival since melanoma at 10 years

reached 89.9% (Fig. 1). The recurrence-free survival

curve since transplantation was similar. In our cohort,

the recurrence-free survival varied significantly accord-

ing to AJCC staging (P = 0.0129, Fig. 2).

RIC-Mel database

A total of 17 828 nontransplant patients with melanoma

stages 0–I–II was extracted. The 9490 patients with

missing data (stage, date, patient lost to FU, and patient

with more than one melanoma) were excluded. The

median Breslow thickness was 1.00 mm (range, 0–75).
Seven melanomas (0.1%) were in situ, 3581 (42.9%)

stage IA, 1745 (20.9%) stage IB, 1142 (13.7%) stage IIA,

928 (11.1%) stage IIB, and 565 (6.8%) stage IIC. The

median age of patients at diagnosis was 61.8 years

(range, 0–104). In this population, 1113 patients

(13.3%) presented a recurrence with a median time-

lapse of 1.72 years (0.1–28.4). The recurrence-free sur-

vival at 10 years was 100% in stage 0, 86.6% in stage

IA, 64.1% in stage IB, and 46.5% in stage II.

Matched case–control analysis with the RIC-Mel

database

Twenty-seven cases had at least one control, among

which twenty cases had four controls. Among the 94

controls, 13 became metastatic with a median delay of

6 years (0.4–17.3); 5 melanomas (38.5%) were stage IA,

3 (23.1%) stage IB, 1 (7.7%) stage IIA, and 2 (15.4%)

stage IIB. For two patients with stage I melanoma, the

substatus was unknown. The recurrence-free survival at

10 years in controls reached 77.9%. The difference in

recurrence-free survival between controls and cases

(Fig. 3) was not statistically significant (P = 0.5459).

Discussion

We present a series of 37 patients with pretransplant

melanoma and complete AJCC staging, which is, to our

knowledge, the largest reported cohort of OTR with

precise data on pretransplant melanoma. In our series,

survival was reassuring for patients with in situ and

stage IA melanoma, who had no tumor recurrence dur-

ing the follow-up. By contrast, we observed three

Transplant International 2021; 34: 2154–2165 2159

ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Outcome of pretrasnplant melanoma after solid organ transplantation



melanoma recurrences among the 11 patients with

higher-stage melanoma (IB-IIIB). Two of these recur-

rences occurred within the first 2 years after transplan-

tation.

The immune system is involved in defense against

cancer, especially via CD8+ and CD4+ T cells (which

allow production of specific cytokines), as has been

shown in the case of melanoma. The IST inhibits the

proliferation of T cells [16]; consequently, OTR have a

two- to fivefold higher risk of developing melanoma

[6,17,18], and are more likely to be diagnosed with

higher stages (II through IV) [19] compared with the

general population. A higher melanoma-specific mortal-

ity has been shown for tumors with Breslow thickness

>2 mm [8]. Data are not consistent for thinner (Bres-

low <2 mm) melanoma as most [6,7,20], but not all

[21], studies have found an increased melanoma-

specific mortality in OTR. Immunosuppression is more

intense in the early period of the transplantation, aim-

ing to avoid acute rejection, and may explain the rapid

postgraft melanoma recurrence in two of our patients.

Some studies exist on the outcome of pretransplant

melanoma in OTR, but they are either small series or

registry studies with several missing data [22–27]. The
worst outcomes were reported by Penn in 1996 [9],

who found a 19% recurrence rate of melanoma with an

invariably lethal outcome; however, the stages of tumors

in that study were not available. The largest study by

Arron et al. in 2016 found an increased melanoma-

specific mortality [13]. The study included 336 OTR

with pretransplant melanoma, but did not use the AJCC

staging. There were 112 in situ melanomas, 177 local-

ized melanomas, 5 with regional metastasis, 2 with dis-

tant metastasis, and 40 of unknown stage. Six patients

died of melanoma, but their initial staging was not

available. Between 2008 and 2018, four reviews with

precise staging data studied pretransplant melanoma

[5,8,11,12]. A summary of these studies is presented in

Table 3. They mentioned AJCC staging for 37 patients,

but ulceration status was available for 15 patients only,

thereby the substages are unknown. There were 15

in situ melanomas, 19 stage I melanomas, 1 stage III

melanoma, and 2 stage IV melanomas. The follow-up

period after transplantation varied between 0.5 and

15.7 years. No melanoma-specific mortality was

reported among these patients. It should be noted that

Figure 1 Recurrence-free survival since melanoma at 10 years.
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two patients with unavailable initial staging presented a

recurrence.

A very recent publication reported a consensus expert

opinion statement and proposed recommendations on

the waiting time to transplantation after a pretransplant

melanoma [14]. The proposed recommendations were

based on overall survival by stage from AJCC database,

considering the fact that if one accepts an 80% 5-year

melanoma-specific survival as a threshold for transplanta-

tion, then all patients with pretransplant melanoma

would be eligible to transplantation following tumor

resection (except patients with disease stages IIIC, IIID,

and IV); accordingly, they proposed no waiting time for

in situ melanoma, and waiting times of 1 year for

patients with stage IA melanoma, 1–2 years for patients

with melanoma stage IB and IIA, 2–4 years for patients

with melanoma stage IIB, IIC, and IIIB, and at least

5 years for patients with melanoma stage IIIC, IIID, or

IV. These guidelines were extrapolated from the survival

curve of immunocompetent patients (including patients

treated specifically for melanoma); nevertheless, the safety

of immunotherapy in OTR is concerning, as checkpoint

inhibitors can activate alloreactive T cells that could trig-

ger acute rejection (occurring in up to 37% of cases

according to some studies) [28–30] and graft loss [31].

Furthermore, the initial staging of melanoma is report-

edly higher in OTR who have a worse prognosis [17], as

already discussed above.

Based on the 100% 5-year melanoma-specific sur-

vival, and on the reassuring outcome data in our study

and in the literature, we suggest no waiting time for

in situ melanoma, as already proposed [32]. Even

though the sample size of stage 1A pretransplant mela-

noma patients in our study is rather limited (n: 21),

with only 4 stage 1A patients with a melanoma to

transplantation delay shorter than 2 years, considering

also the 19 stage I melanoma patients from the litera-

ture with no pretransplant tumor recurrence, and also
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the fact that stage IA melanoma seems to have the

same prognosis in OTR as in the general population

(as seen in the matched case–control analysis with

RIC-Mel database and from the AJCC curve, 99% 5-

year melanoma-specific survival), we believe that a

waiting time is not mandatory for patients with stage

IA pretransplant melanoma, especially whenever SOT is

urgently needed. For higher stages, we believe that cau-

tion is necessary. Study of additional patients with ade-

quate follow-up is needed in order to establish firm

guidelines about the appropriate waiting time before

transplantation.

Only one of our two stage IB melanoma patients

with quick postgraft recurrence had a SLNB, which

proved negative. It is possible that the other stage IB

melanoma patient, for whom SLNB was not performed

and who presented a recurrence 4 months after trans-

plantation, was in fact initially stage III; therefore, for

transplant candidates with melanoma, SLNB should be

considered, even for stage I tumors, as a negative result

would support the absence of waiting time before trans-

plantation [32,33].

Two of our three patients with postgraft recurrence

had received a T-cell-depleting treatment. Although the

small number of such patients does not allow firm con-

clusions to be drawn, this observation is consistent with

the contention that patients who have received T-cell-

depleting treatments are at increased risk of cancer [34],

namely secondary skin cancer after retransplantation

[35].

In our series, very few patients received mTORinh as

IST. mTOR plays a pivotal role in the control of cell

growth and proliferation and is an important target of

anticancer drugs [36]. mTORinh have shown some effi-

cacy in melanoma [37]; however, the role of mTORinh

on melanoma progression still remains unclear [38].

In our series, 24% of patients had a history of graft

rejection, contrasting with a mean rate of around 10%

[39]. This means that either our patients were very

immunized or that their IST was very low, probably

because of their history of melanoma.

Although our cohort contains melanoma of various

stages, the total number of patients is somewhat limited

and only 4 of 21 stage IA melanoma patients were

Figure 3 Recurrence-free survival in controls and cases.
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transplanted within 2 years after melanoma, facts that do

not allow to draw firm conclusions and guidelines. We

had to exclude 14 patients with pretransplant melanoma

because of AJCC missing data, namely for old cases or

deceased patients (six deaths were unrelated to mela-

noma). The follow-up after transplantation was also not

very long, although it varied considerably, namely for

stage IA patients where our main recommendation lies,

especially since melanoma is prone to late recurrences.

Another limitation of our study is its partial retrospective

nature. Also of note, most of our patients were kidney

transplant recipients; therefore, extrapolation to other

types of SOT should be made with caution. Regarding

the RIC-Mel analysis, we were limited by year of mela-

noma diagnosis (the RIC-Mel base was more recent than

ours) and by latitude. Therefore, not all of our patients

had a closely matched control.

In conclusion, as far as we know, our study reports

the largest population of OTR with pretransplant mela-

noma and precise data on tumor staging. The

recurrence-free survival appears reassuring in patients

with in situ and stage IA pretransplant melanoma, even

though the sample size in our study is rather limited with

a wide variation in the follow-up. We suggest that a wait-

ing time to transplantation is not mandatory in patients

with in situ and stage IA pretransplant melanoma, espe-

cially whenever SOT is urgently needed. Caution is, how-

ever, needed for patients with higher stage. Collection of

additional cases of OTR with pretransplant melanoma

and a longer follow-up will hopefully help to establish

more precise guidelines on the waiting time before trans-

plantation in this specific setting.

Authorship

MP: participated in the performance of the research and

writing of the paper. ED: participated in the writing of

the paper, contributed new reagents or analytic tools,

and participated in data analysis. CL: participated in

research design. JD: participated in research design. JD:

participated in the performance of the research. CL:

participated in the performance of the research. MM:

participated in the performance of the research. ADT:

participated in the performance of the research. FB: par-

ticipated in the performance of the research. EM: con-

tributed new reagents or analytic tools. DJ: participated

in research design. JK: participated in the writing of the

paper and contributed new reagents or analytic tools.

ED: participated in research design, participated in the

performance of the research, and participated in the

writing of the study.

T
a
b
le

3
.
R
ep

o
rt
ed

d
at
a
o
f
p
re
tr
an

sp
la
n
t–
m
el
an

o
m
a
in

lit
er
at
u
re
.

St
u
d
y

A
JC
C

av
ai
la
b
le
/

to
ta
l

sa
m
p
le

B
re
sl
o
w

th
ic
kn

es
s
(m

m
)

N
u
m
b
er

U
lc
er
at
io
n

A
JC
C

Ti
m
e
*

m
el
an

o
m
a–

tr
an

sp
la
n
t

Ti
m
e
*

tr
an

sp
la
n
t–

la
st

FU
R
ec
u
rr
en

ce

Ti
m
e-
la
p
se

tr
an

sp
la
n
t–

re
cu
rr
en

ce

M
el
an

o
m
a-

sp
ec
ifi
c

m
o
rt
al
it
y

0
≤0

.7
5

0
.7
6
–1

.5
0

1
.5
1
–3

.0
0

>
3
.0
0

N
A

Y
es

N
o

N
A

0
I

II
III

IV
N
A

Pu
za

et
al
.

2
0
1
8
[1
4
]

1
2
/1
2

6
4

1
0

0
1

0
1
0

2
6

6
0

0
0

0
4
.1
3

(1
.1
-1
3
.3
)

2
.8

(N
A
)

0
0

0

B
re
w
er

et
al
.

2
0
1
1
[6
]

1
3
/6
1

5
5

5
1

1
4
4

0
5

5
6

5
6

0
1

1
4
8

4
.5 (0
.1
-1
2
.5
)

N
A

2
†

N
A

0

D
ap

p
ri
ch

et
al
.

2
0
0
8
[1
3
]

1
0
/1
2

M
ed

ia
n
B
re
sl
o
w

0
.3
5
(0
–2

.0
0
)‡

N
A

N
A

1
2

4
5

0
0

1
2

3
.8 (0
.1
–1

8
.4
)

3
.5 (0
.5
–1

5
.7
)

0
0

0

M
at
in

et
al
.

2
0
0
8
[1
2
]

2
/9

0
2

2
1

1
3

N
A

N
A

9
0

2
0

0
0

7
7
.8 (0
.4
–3

2
.5
)

5 (0
.5
–1

0
.2
)

0
0

0

*M
ed

ia
n
(r
an

g
e)

in
ye
ar
s.

†
A
JC
C

st
ag

in
g
w
as

n
o
t
av
ai
la
b
le

fo
r
th
e
re
cu
rr
en

ce
s.

‡
D
et
ai
ls
o
n
B
re
sl
o
w

th
ic
kn

es
s
w
er
e
n
o
t
av
ai
la
b
le
.

Transplant International 2021; 34: 2154–2165 2163

ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Outcome of pretrasnplant melanoma after solid organ transplantation



Funding

We received a grant from the French Society of Derma-

tology.

Conflicts of interest

The authors declare no conflicts of interest.

REFERENCES

1. Guy GP, Thomas CC, Thompson T,
et al. Vital signs: melanoma incidence
and mortality trends and projections –
United States, 1982–2030. MMWR
Morb Mortal Wkly Rep 2015; 64: 591.

2. Sacchetto L, Zanetti R, Comber H,
et al. Trends in incidence of thick, thin
and in situ melanoma in Europe. Eur J
Cancer 2018; 92: 108.

3. Agence de la biom�edecine. Greffe
d’organe. https://www.agence-biome
decine.fr/annexes/bilan2015/donnees/
organes/02-organes/synthese.html.

4. Gershenwald JE, Scolyer RA, Hess KR,
et al. Melanoma staging: evidence-
based changes in the American Joint
Committee on Cancer eighth edition
cancer staging manual. CA Cancer J
Clin 2017; 67: 472.

5. Brewer JD, Christenson LJ, Weaver AL,
et al. Malignant melanoma in solid
transplant recipients: collection of
database cases and comparison with
surveillance, epidemiology, and end
results data for outcome analysis. Arch
Dermatol 2011; 147: 790.

6. Robbins HA, Clarke CA, Arron ST,
et al. Melanoma risk and survival
among organ transplant recipients. J
Invest Dermatol 2015; 135: 2657.

7. Vajdic CM, Chong AH, Kelly PJ, et al.
Survival after cutaneous melanoma in
kidney transplant recipients: a
population-based matched cohort
study. Am J Transplant 2014; 14: 1368.

8. Matin RN, Mesher D, Proby CM, et al.
Melanoma in organ transplant recipi-
ents: clinicopathological features and
outcome in 100 cases. Ame J Trans-
plant 2008; 8: 1891.

9. Penn I. Malignant melanoma in organ
allograft recipients. Transplantation
1996; 61: 274.

10. Chapman JR, Sheil AG, Disney AP.
Recurrence of cancer after renal trans-
plantation. Transplant Proc 2001; 33:
1830.

11. Dapprich DC, Weenig RH, Rohlinger
AL, et al. Outcomes of melanoma in
recipients of solid organ transplant. J
Am Acad Dermatol 2008; 59: 405.

12. Puza CJ, Barbas AS, Mosca PJ. Out-
comes of patients with a pretransplant
history of early-stage melanoma. Mela-
noma Res 2018; 28: 471.

13. Arron ST, Raymond AK, Yanik EL,
et al. Melanoma outcomes in trans-
plant recipients with pretransplant
melanoma. Dermatol Surg 2016; 42:
157.

14. Al-Adra DP, Hammel L, Roberts J,
et al. Pre-existing melanoma and
hematological malignancies, prognosis
and timing to solid organ transplanta-
tion: a consensus expert opinion state-
ment. Am J Transplant 2021; 21: 475.

15. Kasiske BL, Ramos EL, Gaston RS,
et al. The evaluation of renal trans-
plant candidates: clinical practice
guidelines. Patient Care and Education
Committee of the American Society of
Transplant Physicians. J Am Soc
Nephrol 1995; 6: 1.

16. Holt CD. Overview of immunosup-
pressive therapy in solid organ trans-
plantation. Anesthesiol Clin 2017; 35:
365.

17. Dahlke E, Murray CA, Kitchen J, Chan
A-W. Systematic review of melanoma
incidence and prognosis in solid organ
transplant recipients. Transplant Res
2014; 3: 10.

18. Fattouh K, Ducroux E, Decullier E,
et al. Increasing incidence of mela-
noma after solid organ transplantation:
a retrospective epidemiological study.
Transpl Int 2017; 30: 1172.

19. Park CK, Dahlke EJ, Fung K, et al.
Melanoma incidence, stage, and sur-
vival after solid organ transplant: a
population-based cohort study in
Ontario, Canada. J Am Acad Dermatol
2020; 83: 754.

20. Krynitz B, Rozell BL, Lyth J, Smedby
KE, Lindel€of B. Cutaneous malignant
melanoma in the Swedish organ trans-
plantation cohort: a study of clinico-
pathological characteristics and
mortality. J Am Acad Dermatol 2015;
73: 106.

21. Zwald FO, Christenson LJ, Billingsley
EM, et al. Melanoma in solid organ
transplant recipients. Am J Transplant
2010; 10: 1297.

22. Acuna SA, Sutradhar R, Kim SJ, Baxter
NN. Solid organ transplantation in
patients with preexisting malignancies
in remission: a propensity score
matched cohort study. Transplantation
2018; 102: 1156.

23. Hellstr€om V, Lorant T, D€ohler B, Tuf-
veson G, Enblad G. High posttrans-
plant cancer incidence in renal
transplanted patients with pretrans-
plant cancer. Transplantation 2017;
101: 1295.

24. Kang W, Sampaio MS, Huang E, Bun-
napradist S. Association of pretrans-
plant skin cancer with posttransplant
malignancy, graft failure and death in
kidney transplant recipients. Trans-
plantation 2017; 101: 1303.

25. Unterrainer C, Opelz G, D€ohler B,
S€usal C. Pretransplant cancer in kidney
recipients in relation to recurrent and
de novo cancer incidence posttrans-
plantation and implications for graft
and patient survival. Transplantation
2019; 103: 581.

26. Brattstr€om C, Granath F, Edgren G,
Smedby KE, Wilczek HE. Overall and
cause-specific mortality in transplant
recipients with a pretransplantation
cancer history. Transplantation 2013;
96: 297.

27. Williams GJ, Webster AC, Thompson
JF. Organ transplantation and out-
comes in patients with a past history
of melanoma: a systematic review and
meta-analysis. Clin Transplant 2021;
35: 14287.

28. Fisher J, Zeitouni N, Fan W, Samie
FH. Immune checkpoint inhibitor
therapy in solid organ transplant recip-
ients: a patient-centered systematic
review. J Am Acad Dermatol 2020; 82:
1490.

29. Barnett R, Barta VS, Jhaveri KD. Pre-
served renal-allograft function and the
PD-1 pathway inhibitor nivolumab. N
Engl J Med 2017; 376: 191.

30. Tio M, Rai R, Ezeoke OM, et al. Anti-
PD-1/PD-L1 immunotherapy in
patients with solid organ transplant,
HIV or hepatitis B/C infection. Eur J
Cancer 2018; 104: 137.

31. Maggiore U, Pascual J. The bad and
the good news on cancer immunother-
apy: implications for organ transplant
recipients. Adv Chronic Kidney Dis
2016; 23: 312.

32. Zwald F, Leitenberger J, Zeitouni N,
et al. Recommendations for solid
organ transplantation for transplant
candidates with a pretransplant

2164 Transplant International 2021; 34: 2154–2165

ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Patras et al.

https://www.agence-biomedecine.fr/annexes/bilan2015/donnees/organes/02-organes/synthese.html
https://www.agence-biomedecine.fr/annexes/bilan2015/donnees/organes/02-organes/synthese.html
https://www.agence-biomedecine.fr/annexes/bilan2015/donnees/organes/02-organes/synthese.html


diagnosis of cutaneous squamous cell
carcinoma, Merkel cell carcinoma and
melanoma: a consensus opinion from
the International Transplant Skin Can-
cer Collaborative (ITSCC). Am J
Transplant 2016; 16: 407.

33. Zwald F, Carvajal RD, Walker J, Saw-
inski D, Al-Adra D. Analysis of malig-
nant melanoma risk and outcomes in
solid organ transplant recipients:
Assessment of transplant candidacy
and the potential role of checkpoint
inhibitors. Clin Transplant 2021; 35:
14264.

34. Snanoudj R, Legendre C. T-cell-
depleting antibodies and risk of cancer
after transplantation. Transplantation
2014; 97: 808.

35. Ducroux E, Martin C, Bouwes
Bavinck JN, et al. Risk of aggressive
skin cancers after kidney retransplan-
tation in patients with previous post-
transplant cutaneous squamous cell
carcinomas: a retrospective study of
53 cases. Transplantation 2017; 101:
e133.

36. Zhou H-Y, Huang S-L. Current devel-
opment of the second generation of

mTOR inhibitors as anticancer agents.
Chin J Cancer 2013; 32: 8.

37. Margolin K, Longmate J, Baratta T,
et al. CCI-779 in metastatic melanoma:
a phase II trial of the California Cancer
Consortium. Cancer 2005; 104: 1045.

38. Wang M, Li S, Zhang P, et al. EMP2
acts as a suppressor of melanoma and
is negatively regulated by mTOR-
mediated autophagy. J Cancer 2019;
10: 3582.

39. Davis S, Cooper JE. Acute antibody-
mediated rejection in kidney transplant
recipients. Transplant Rev 2017; 31: 47.

Transplant International 2021; 34: 2154–2165 2165

ª 2021 Steunstichting ESOT. Published by John Wiley & Sons Ltd

Outcome of pretrasnplant melanoma after solid organ transplantation


