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ABSTRACT

Background: Systemic therapeutic management of post-transfplaposi sarcoma (KS) is
mainly based on 3 axes: reduction of immunosupjmessonversion to mammalian target of
rapamycin (mTOR) inhibitors and/or chemotherapy.

Objective: To obtain an overview of clinical strategies abitwt current treatment of KS.
Methods: We conducted a multicenter retrospective cohiudysincluding 145 solid organ
transplant recipients diagnosed with KS between51&8d 2011 to collect data regarding
first-line treatment and response at 6 months.

Results: Ninety five percent, 28% and 16% of patients hedtliction of immunosuppression,
conversion to mTOR inhibitor and chemotherapy, eetipely. Patients treated with
chemotherapy or mTOR inhibitor conversion were nlika&y to have visceral KS. Overall,
83% of patients had response at 6 months includélddg complete responses (CR).
Limitations: The retrospective design of the study.

Conclusion: Currently available therapeutic options seem tefbective to control KS in a
majority of patients. Tapering down the immunosggive regimen remains the cornerstone

of KS management.
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INTRODUCTION

As graft maintenance requires continuous immunogsgsjpve therapy, solid organ transplant
recipients (OTRS) are at high risk of developingmas types of cancer, particularly those
associated with viral infectiohskaposi sarcoma(KS) is a lymphatic endotheliumiveet
tumor associated with human herpes virus type 8(FH@romoted by immunosuppression.
Most cases of post-transplant KS arise as a resulHV-8 reactivation triggered by drug-
induced immunosuppressifoh resulting in a 200-fold higher risk in OTRs tHarthe general
populatioff. In the 1990s, mortality of KS was high, estimaiethe 57% in patients with
visceral extension of the dised8eSince then, post-transplant KS management hgsliar
changed, with greater emphasis on minimizatiomwhunosuppression rather than use of
chemotherapy, but current mortality rates from gictsplant KS are unknown. Therapeutic
management is still a challenge, as it requirel bontrolling the disease whilst maintaining
graft function.

Reduction of immunosuppression(lS) is an effedinerapeutic option to reduce occurrence
of malignancies in OTRsbut is limited by the risk of graft rejection. K8, remission after
decrease of IS alone ranged from 30% to 50% inspéctive seri@S. Moreover, all
immunosuppressive drugs do not carry the sameofigkalignancies; particularly,
mammalian target of rapamycin inhibitors(mTORI) édoth immunosuppressive effects and
direct antineoplastic effectsSirolimus has been associated with reduced ceccerof skin
cancers, including KS, and to a lesser extent kimrealignancie¥ 2

Therapy for post-transplant KS has changed ovepalsétwo decades. In 2005, conversion to
mMTORI was shown to have a therapeutic effect: came from calcineurin inhibitors (CNI)
and/or purine antagonists to sirolimus inducedaasps in 72-100% of patiehts”

However, relapse and the apparent absence of iemigsspatients with visceral KS were

reported in a significant proportion of patienesatied with sirolimu$**°> Chemotherapy is
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usually required in patients with visceral involvemh or rapidly evolving KS and their use

has been best evaluated in AIDS-related®S The therapeutic armamentarium against post-
transplant KS is now based upon 3 axes —reducfit®, @onversion to mTORI and use of
chemotherapy. However, neither comparative prospetials nor retrospective studies have
been conducted in post-transplant KS, and no ceaseguidelines are available.

We conducted a retrospective study amongst expedpean centers belonging to the Skin
Care in Organ Transplant Patients, Europe (SE)@&work, in order to obtain an overview

of the efficacy of treatment and prognosis in gostsplant KS.
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MATERIALSAND METHODS

Patients

This multicenter retrospective study was condudted5 transplant centers in 6 countries
(France, United Kingdom, Turkey, Belgium, Nethedamand Spain). The study was approved
by Ethics Committees in each country.

Solid OTRs with a pathologically-confirmed diagmosaf post-transplant KS diagnosed
between 1985 and 2011 were included. PatientskiNhwere not included.

Clinical data were collected through a questiormaompleted from medical records,
included demographic data, transplantation dataradteristics of KS, KS therapeutic
management and response to treatment. KS extewsi®efined as visceral (at least one site
among: lymph node, pulmonary or other visceral nng&olvement) or not (for patients with
cutaneous and/or mucosal only). First-line theripeunanagement was defined as systemic
care given in the first two months after KS diagao$herapeutic options were: reduction of
IS, conversion to mTORI and/or chemotherapy. Rednabf IS included dose reduction or
drug withdrawal for corticosteroids, mycophenolatefetii (MMF), azathioprine or CNI
(cyclosporine, tacrolimus).

Response to KS first-line management at 6 montlssohessified as complete response (CR),
partial response (PR), stable disease (SD) or pssgre disease (PD) following the Physician

Global Assessmerit.

Statistical analyses

Characteristics of treatment groups were compasetyurisher’s exact tests, Wilcoxon rank-
sum tests or Kruskall-Wallis tests. Progressioe-fearvival (PFS) was defined as the time
delay between the first therapeutic decision tst favidence of disease progression or death,

whichever occurred first. Patients were otherwisasored at their last follow-up date.
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Overall survival(OS) was defined as the time betwkK& diagnosis and death. PFS and OS
were assessed using Kaplan Meier estimator. Goaft Was defined as the occurrence of a
second organ transplantation or hemodialysis; tutative incidence of graft loss was
analyzed in a competing risks framework, with destltompeting event.

To account for confounding due to baseline imbaangrognostic factors in the comparison
of PFS between patients receiving mTORI to thosereceiving mTORI, two approaches
were used. First, inverse probability of treatmeeighting(IPTW) was used to reconstruct
pseudo-populations with similar baseline charasties. Adjusted Kaplan-Meier curves were
then estimateld, and a Cox model with robust variance estimatos wsed for comparison.
Second, regression adjustment using Cox modelsuaed. Variables used were predefined
potential prognostic variables (mucosal KS, lymmea involvement, symptomatic visceral
KS, CMV infection, CMV prophylaxis, HSV prophylajisHHV8 viral load was not used due
to too many missing data. Missing covariates wexedled through multiple imputation by
chained equatioA%?% Fifty imputed datasets were created, and analgepdrately. Results
were then pooled over the imputations accordingubin’s rule.

Statistical analyses were performed using the Ris8tal software version 3.2(The R

Foundation for Statistical Computing, Vienna, Aisstr
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RESULTS
Patient characteristics
145 patients with post-transplant KS diagnosed eebnFebruary 1985 and April 2011 were
enrolled (France, n=109; United-Kingdom, n=14; Taykn=9; Belgium, n=7; Netherlands,
n=4; Spain, n=2). Ninety-one patients were diagdos@h KS after 2005, when the first
study highlighting the benefits of mTORi in posasisplant KS was reported Baseline
characteristics are summarizedTiable 1. Seventy-six percent of patients were male, with a
median age of 53 years. Most patients were kidramsplant recipients (89%).

KS developed within a median time of 17 monthsrafitansplantation (IQR,9-38).
Prior history of primary HHV-8 infection was repedtin two patients only. All patients were
receiving immunosuppressive therapies, includir@\ for 92%. Four patients had already
been receiving mTOR inhibitor therapy before KSdiasis.

Fifty-one percent of patients had visceral KS, whicas symptomatic for 20 patients

(14%). Pulmonary KS was reported in 20% of patients

First-line ther apeutic management
First-line therapeutic management was highly véeiabetween patientsFigure 1).
Nevertheless, most patients shared the commonréeatuhaving reduction of IS (95%),
which included dose reduction or drug withdrawar f6NI, MMF, azathioprine or
corticosteroids. Conversion to mTORi was performad28% of patients, mostly in
association with reduction of other drugs. Amondgigras whose KS was diagnosed after
2005 (n=91), 67% had conversion to mTORI, vs. 3%rmgpatients before 2005.
Chemotherapy, usually required for severe’®% was used as first line for 23
patients (16%), in addition to reduction of IS (27B%) or conversion to mTORI (n=10,

7%). Cytotoxic agents included liposomal doxorubi@m=9), bleomycin monotherapy (n=4),
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ABV (adriamycin, bleomycin, vinblastine, n=5), viabtine (n=2), paclitaxel (n=1),
bleomycin and vinblastine (n=1) and vindesine (n=1)
In addition, local treatments were reported in dfgmts (surgery, n=8; radiotherapy,

n=5; imiquimod, n=2).

Characteristics associated with fir st-line therapeutic management of KS
Given that 95% of patients had reduction of IS, deéined 4 groups of patients among the
therapeutic options, i.e. conversion to mTORIi asd ahemotherapy. Specifically, Group 1
(n=92), no mTORI conversion, no chemotherapy; Graum=13), no mTORI conversion,
with chemotherapy; Group 3 (n=30), mTORI conversiom chemotherapy; Group 4 (n=10),
mTORI conversion, with chemotherapy. Group 1 inellichimost exclusively patients with
reduction of IS (97%), which included dose reductar withdrawal for CNI (n=54), AZA
(n=39), MMF (n=11) and/or corticosteroids (n=16hatacteristics of patients in these four
subgroups are summarizedTiable 2.

Some characteristics related to KS extent werdafggntly different between groups.
The proportion of patients having symptomatic viat&S or lymph node involvement was
significantly higher in Group 4 than in Groups 1, 2 (P<0.0001). Fifty-five percent of
patients with symptomatic visceral KS vs.10% ofigrats without symptomatic visceral KS,
were treated with chemotherapy as first line trestimThus, Group 4 was mostly composed
of patients with visceral KS: 67% and 90% of pasehad symptomatic visceral KS and
lymph node involvement, respectively, vs. 6% anto2il patients in Group 1. Irrespective of
chemotherapy use, patients who received mTORI ladégb more advanced disease, with a
higher proportion of symptomatic visceral lesioRs@.027), more lymph node involvement

(P=0.051) and more visceral lesioi%=0.035).
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KSresponseto first-line ther apeutic management

Among 137 evaluable patients, 83% had respondeettréatment at 6 months, including 40%

with CR and 43% with PRF{gure 2). CR occurred more frequently in patients without
visceral involvement (47%) than in patients witsodral disease (30%), while PR was more
frequent in patients with visceral involvement (51 31%). 11% of patients experienced

PD at 6 months. For patients who had visceral des€a=73), 55 were treated with only

reduced IS or mTORI and 18 received chemotherappatients were evaluable for response.
Of the 18 patients treated with chemotherapy, 342Bad a complete response, 8 (44%) had
a partial response. Among the 53 evaluable patierits visceral disease not treated with

chemotherapy, 17 (32%) had PR and 29 (55%) had CR.

The two most used therapeutic options, which wedection of IS (97% of patients in
Group 1), and reduction of IS associated with cosisa to mTORi (90% of patients in
Group 3), had a similar response rate of 86%. CQmmwe to MTORI induced 17% CR and
69% PR. However, patients who did not receive mT@¢tiieved more CRPEO0.0002) but
not more overall responses (CR+PRig(re 2).

Bearing in mind that patients’ characteristics weiféerent between treatment groups
(Table 2), response rates were similar with chemotherappatients treated with conversion
to mTORI, 17% and 69% had CR and PR respectivehjlewthose who had additional
chemotherapy had 10% of CR and 70% of PR. Amongmat without conversion to
mMTORI, response rates were lower for those treatddchemotherapy (62% vs. 86%).

Patients with KS relapse or who progressed upat fine treatment (n=52) were
treated with chemotherapy (n=25, 52%), additioealuction of immunosuppression (n=24,

46%) and/or switch to mTORIi (15%).

Survival
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The median follow-up time was 91 months from KSgdasis (7.6 years, range 1 to 276
months). During follow-up, 37 patients died, inahgl 4 deaths due to KS (3%) and 3 of
unknown causes. OS was 82% at 5 years(95%CI.75-,888d) 64% at 10 years(95%CI:54-
75%). OS was not related to KS extent at diagnosis.

Differences in PFS were found between the four @saq#=0.0008) Figure 3B), with better
PFS in Group 1 patients. However, treatment graliffsred according to patient baseline
characteristics, specifically the extent of dise@sable 2). To account for this confounding
due to baseline imbalance in potential prognositdrs, IPTW estimators and regression
adjustment were used to compare PFS between matiece¢iving mTORI or not (but not
chemotherapy as this group was too small sampé). fResults were similar for unadjusted,
IPTW and adjusted analyses, with hazard ratios(Hfes) mTORi vs. no mTORi of

2.18(95%CI:1.18-4.05), 2.22(1.23-4.03) and 2.4%44545), respectively=gure 3).

Graft survival

Similar analyses were performed to study the risgraft failure related to KS management.
Graft loss occurred in 34 patients. Across theaugs, the cumulative incidence of graft loss
was not different (P=0.99, Gray test). Using IPT¥& HR of graft rejection for mTORI vs.

no mTORI was not significantly increased nor desegla(HR 0.69; 95% CI: 0.20-2.34).
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253 DISCUSSION

254  In this study, patient data from 15 centers ackag®pe were pooled to obtain an overview of
255  post-transplant KS management and responses tmaea Treatment was mostly based on
256 IS reduction and conversion to mTORI, inducing cese in more than 80% of patients. KS-
257  related deaths rarely occurred, suggesting thatdSoe effectively controlled.

258 MTORI were included in the armamentarium of immuppsessive drugs since

259  200G“ In 2005, Stallone and colleagues demonstratedrfi®R inhibitors induced CR in
260  100% of 15 patients with post-transplant'R S his effective strategy based on CNI

261  withdrawal and switch to mTORI was confirmed inatistudie¥ > although Lebbé et al.
262  reported a significant proportion of relapses (Jgatients) and resistance in patients with
263  visceral K$* Switch to mTORi became part of the standard memeqt strategy of post-

264  transplant K&?2 In the present study, conversion to mTORI induesponses in more than
265  80% of patients. However these patients -who gdgtdiad more visceral KS-experienced
266 fewer CRs than those who did not receive mTORItiSieal maneuvers to adjust for

267  important prognostic factors such as disease exterg undertaken. Despite this, the long-
268 term risk of disease progression remained sigmiflgénigher in OTR who received mTORI.
269 Reduction of IS is still the cornerstone of postgplant KS management. In this

270  study almost all patients had minimization of I8d&0% of CR had been achieved solely by
271 adecrease of IS. Clinical benefits reported in rRTG@nversion and/or chemotherapy groups
272 might be patrtially attributable to decrease ofN®reover, in contrast to prospective studies,
273  reduction of immunosuppressive therapies is higletyerogeneous in retrospective studies.
274  Beyond the level of IS, the type of regimen alsotabutes to the risk of post-transplant

275 malignancies. CNI were found to have direct oncagproperties®>°and CNI withdrawal
276  was associated with risk reduction of post-transpiaalignancies’. Conversely, in KS there

277 is a growing amount of evidence suggesting that RiTi@ve direct anti-tumor cell effects
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that are independent of the immune systéf In contrast, everolimus was unsuccessfully
tested in classic KS suggesting that immunosupmess$fects of mTORI could override its
antineoplastic properties in immunocompetent p&iemhile this appears not to be the case
in immunocompromised patierts®*

Chemotherapy is usually required in cases of eiters symptomatic visceral K&.
In our cohort, chemotherapy was used for advance@visceral involvement and/or rapid
progression) in fewer than 20% of patients. Respoates were increased in association with
mTORI conversion, suggesting that in patients wiiceral KS, combination of mTORi and
short-term chemotherapy could be an effective esgrat

This study represents the largest case seriestis fon post-transplant KS and the
first to report first-line practices. The retrosfpee design limits detailed comparison of data
as it could not be ruled out that different outcermetreatment groups were due to
unmeasured confounding factors. Screening for K€nskon at diagnosis was performed
upon local practices, and might be heterogeneoingeka centers. Missing information as KS
treatment received after the first 2 months limig@@ntity and quality of interpretable data.
For instance, data regarding the optimal time toveosion to mTORI after KS diagnosis or
the total amount of corticosteroids received afti8rdiagnosis, which is associated with KS
occurrence and outconi® could not be studied in detail. Finally, the stpdpulation was
probably heterogeneous because of the extendagioclperiod, during which practices
regarding immunosuppressive regimens and KS thetigpsgtrategy have evolved,
particularly pre- and post-2085

This study provides insight into clinical pracsae post-transplant KS management,
which is based on reduction of IS in addition towersion to mTORI, and/or chemotherapy.
The signal from our data that mTORI conversion m@yssociated with a higher risk of

progression is complicated by multiple potentiatfoninders including KS extent, but is an
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303 indication that further prospective studies are mearanted to precisely assess the long-term
304 benefits of conversion to mTORI in the managemépst-transplant KS.

305
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409 Tablel: Patientsand Kaposi sarcoma characteristics

Characteristics Overall population
N=145
Age, years (IQR) 53 (44 t0 62)
Male gender, n (%) 110 (76)
Region of birth, n (%)
Sub-Saharan Africa/Caribbean 76 (56)
Mediterranean 47 (35)
Northern Europe 13 (9)
NA 9
Transplanted organ, n (%)
Kidney 127 (89)
Heart 3(2)
8 Liver 5(3)
5 Lung 3(2)
= Other 5 (4)
o NA 2
65 | Induction therapy, n (%)
< Yes 102 (81)
o No 24 (19)
T NA 19
8 Treatment of induction
E Steroids 76 (60)
L ATG 51 (40)
- Anti-IL-2 receptor 33 (26)
= OKT3 8 (6)
Rejection episodes, n (%)
No 79 (59)
Yes 56 (41)
NA 10
Treatment of rejection
Steroids 47 (70)
ATG 10 (15)
OKT3 3 (5
Rituximab 1(2)
IVIG 3(11)
Immunosuppressive drugs at KS diagnosis
0 CS + CNI + Pl 109 (76)
O CS + CNI 20 (14)
7 CS +PI 8 (6)
T CS + mTOR inh + CNl or PI 4 (3)
'-l'_J Other 4 (3)
O | KS extension, n (%)
é Cutaneous only 60 (42)
% Mucosal (+/- cutaneous, w/o visceral}1 (8)
O Visceral (+/- cutaneous/mucosal) | 73 (50)
n NA 1
X Lymph node involvement, n (%) 39 (33)
Gastrointestinal involvement 47 (36%)
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29 (20)

Pulmonary KS, n (%)

HHV8 detection
Positive HHV8 viral load, n (%) 29 (54)
Positive LANA IHC, n (%) 88 (98)
Positive latent IF serology, n (%) | 74 (91)

ATG, antithymocyte globulin; CNI, calcineurin inlibr; CS: corticosteroids; IF,
immunofluorescence; IHC, immunohistochemistry; ILiferleukine-2; IVIG, intravenous
immunoglobulin; KS, Kaposi sarcoma; mTOR inh: marhamatarget of rapamycin inhibitor;
NA, not available; OKT3, anti-CD3 antibody; PI, pw& inhibitor.

Other immunosuppressive drugs at KS diagnosisteatrhent (n=1), CNI alone (n=1),

CNI+PI (n=1), unknown treatment (n=1).
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419 Table2: Characteristics of patientsin the 4 first-linetreatment groups
420
N P
First linetreatment of KS
: No conversion to mTOR Conversion tomTOR
0,
Variable (n, %) inhibitor inhibitor
Group 1: No Group 2: With | Group 3: No | Group 4:With
chemotherapy | chemotherapy | chemotherapy| chemotherapy

Mean age (SD), years 52.8 (13.3) 42.2 (17.7) SB397() 47.5 (10.4) 0.010
Male gender 70 (76) 12 (92) 22 (73) 6 (60) 0.34
Sub-Saharan/Caribbean | 43 (49) 4 (31) 15 (58) 9 (90) 0.030
origin
Median time to KS 19 (10 to 40) 14 (8 to 39) 15 (8 to 35) 16 (1049 4 0.76
diagnosis (IQR), months
Mucosal KS 14 (15) 2 (15) 6 (20) 2 (20) 0.87
Lymph node involvementy 18 (20) 5 (38) 7 (23) 9 (90) <0.000 1
Symptomatic visceral KS| 5 (6) 5 (38) 4 (14) 6 (67) <0.0001
HSV prophylaxis 23 (33) 5 (56) 17 (61) 7 (70) 0.021
Overall 92 (63) 13(9) 30 (21) 10 (7) -

421

422

423 IQR, interquartile range; KS, Kaposi sarcoma; mT@Rmmalian target of rapamycin
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Figurelegends
Figure 1. First-line treatment combination for post-transplant Kapos sarcoma.
Strategies included combination of reduction of mmmsuppression, conversion mTOR

inhibitors and chemotherapy.

Figure 2: Response at 6 monthsto first-line treatment.
Responses classified as complete response (CRiglpasponse (PR), stable disease (SD)
and progressive disease (PD) in the response-dlalpapulation (n=137) are plotted for

each group of treatment.

Figure 3: Survival analysesfor patientswith post-transplant Kaposi sarcoma.

Left, Unadjusted Kaplan-Meier curves for progressi@e survival according to first-line
treatment; right, Adjusted Kaplan-Meier curves oogression-free survival between patients
receiving mTOR inhibitors or not. The group of pats receiving chemotherapy was too

small to be included in the adjusted analyses.
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