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To evaluate the association between mild acute cellular rejection (ACR)
and the development of cardiac allograft vasculopathy (CAV) after heart
transplantation (HTx). Substudy of the SCHEDULE trial (n = 115), where
de novo HTx recipients were randomized to (i) everolimus with early CNI
elimination or (ii) CNI-based immunosuppression. Seventy-six patients
(66%) were included based on matched intravascular ultrasound (IVUS)
examinations at baseline and year 3 post-HTx. Biopsy-proven ACR within
year 1 post-HTx was recorded and graded (1R, 2R, 3R). Development of
CAV was assessed by IVUS and coronary angiography at year 3 post-HTx.
Median age was 53 years (45-61), and 71% were male. ACR was recorded
in 67%, and patients were grouped by rejection profile: no ACR (33%),
only 1R (42%), and >2R (25%). Median AMIT (maximal intimal thick-
ness)pr_sy was not significantly different between groups (P = 0.84). The
incidence of CAV was 49% by IVUS and 26% by coronary angiography
with no significant differences between groups. No correlation was found
between number of 1R and AMITg; 3y (r = —0.025, P = 0.83). The num-
ber of 1R was not a significant predictor of AMITg; 5y (P = 0.58), and no
significant interaction with treatment was found (P = 0.98). The burden of
mild ACR was not associated with CAV development.
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Heart transplantation (HTx) is the best available ther-
apy for eligible patients with end-stage heart failure.
The major limitations to survival in the early post-
transplant period are nonspecific graft failure, acute
rejection, and infection. Beyond the first year cardiac
allograft vasculopathy (CAV) and malignancy are the
leading causes of mortality [1].

Cardiac allograft vasculopathy is characterized by dif-
fuse, concentric, and longitudinal intimal thickening
and luminal narrowing in the arteries of the allograft. It
may also present as small vessel or microvascular disease
[2,3]. The overall prevalence of CAV in survivors at 1,
5, and 10 years after HTx is 8%, 30%, and 50%, respec-
tively [4].

The most common approach for disease diagnosis is
yearly coronary angiography [5]. However, this method
lacks sufficient sensitivity for detection of CAV and
intravascular ultrasound (IVUS) is considered the gold-
standard investigation for diagnosing CAV [6].

The mechanisms of CAV development are not fully
elucidated, but the etiology appears to be multifacto-
rial with both immunological and nonimmunological
contributions [6]. Reflecting the immunological contri-
bution, the number of episodes of moderate to severe
acute cellular rejection (ACR), and the total number
of cellular rejections has been reported to be associ-
ated with the development of CAV [7,8]. The mecha-
nism is believed to
inflammatory burden on the allograft predisposing to
CAV development.

The association between mild ACR and CAV devel-
opment is poorly understood. Given that mild rejection
is far more frequent than moderate-severe rejection
post-HTx, and less likely treated, further insight on this
potential association is of clinical relevance and can lead
to improved survival after HTx. Hence, the objective of
the present study was to evaluate the association
between mild rejection and the development of CAV in
HTx recipients surviving three years.

relate to an increased

Study design and population

This is a substudy of the SCHEDULE trial (SCandina-
vian HEart transplant everolimus De novo stUdy with
earLy calcineurin inhibitor avoidancE) which was a
prospective, open-label, multicenter, randomized con-
trolled study undertaken at five HTx centers in

518

Scandinavia. Adult de novo HTx recipients (n = 115)
were randomized in a 1:1 ratio to either (i) low-dose
(EVR), low-dose cyclosporine (CsA),
mycophenolate mofetil (MMF), and corticosteroids
(CS) with withdrawal of CsA and step up to full dose
EVR after 7-11 weeks or (ii) conventional treatment
with CsA, MMF, and CS (Fig. 1). The purpose was to
evaluate whether early initiation of EVR with early elim-
ination of CsA compared with conventional CNI-based
immunosuppression could improve long-term renal
function and attenuate the progression of CAV.
Detailed descriptions of the SCHEDULE trial have been
published previously [9,10].

Of the 115 patients randomized in the SCHEDULE
trial, 76 patients (66%) were included in the present
study based on available matched IVUS examinations at
baseline (7-11 weeks post-HTx) and 3-year follow-up
post-HTx (Fig. 2). Comprehensive evaluations of the 1-
year and 3-year IVUS population in the SCHEDULE
trial have been reported previously [11,12].

The study was conducted in compliance with good
clinical practice and in accordance with the Declaration
of Helsinki and the Declaration of Istanbul 2008. The
appropriate ethics committee for each participating cen-
ter approved the study, and written informed consent
was obtained from all study participants prior to inclu-
sion. The SCHEDULE trial was registered with Clini-
calTrials.gov (NCT01266148).

everolimus

Hypothesis and endpoints

We hypothesized that the burden of mild rejection
within the first year after HTx influences the develop-
ment of CAV at 3-year follow-up after HTx assessed by
IVUS and coronary angiography.

The maximal intimal thickness (MIT) is an estab-
lished prognostic marker in HTx recipients [13,14], and
MIT >0.5 mm has previously been used as a reliable
marker of significant CAV. The primary endpoint of
this study was change in MIT between matched seg-
ments from BL to 3-year follow-up (AMITgy 3y). Sec-
ondary endpoints were (i) mean MIT at 3-year follow-
up, (ii) incidence of CAV (defined as mean MIT
>0.5 mm upon IVUS examination) at 3-year follow-up,
and (iii) incidence of CAV determined by coronary
angiography at 3-year follow-up after HTx.

Allograft rejection

Biopsy-proven acute cellular rejections within the first
year after HTx were systematically recorded and graded
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CYCLOSPORINE GROUP

A L
Randomization
at first dose of Months 1-3 Months 4—6 Month 7—year 3
study medication CsA 150—350 ng/ml CsA 100-250 ng/ml CsA 60-200 ng/ml
+MMF +CS +MMF +CS +MMF + (CS)
<5 days N .
period 1 period 2
Transplant
surgery
CsA 75-175 ng/ml
EVR 3-6 ng/ml EVR 6-10 ng/ml
+MMF +CS +MMF + (CS)
ATG induction ®
T EVEROLIMUS GROUP
CsA withdrawal

(weeks 7-11)

Figure 1 Study design. The study design of the SCHEDULE trial (SCandinavian HEart transplant everolimus De novo stUdy with early cal-
cineurin inhibitor avoidanck). ATG, antithymocyte globulin; CS, corticosteroids; CsA, cyclosporine; EVR, everolimus; MMF, mycophenolate
mofetil. Modified from Andreassen et al. [9].

[ 115 randomized at HTx ]
[ 56 everolimus ] [ 59 cyclosporine ]
20 not included in 12-M follow-up:
5 death
13 technical/logistical error
2 mismatch
[ 47 completed IVUS 12M ] [ 48 completed IVUS 12M ]

19 not included in 36-M follow-up:
4 death
4 medical indication
7 technical/logistical error
4 no IVUS consent

[ 37 completed IVUS 36M ] N=76 [ 39 completed IVUS 36M ]

Figure 2 Patient diagram. Substudy patient diagram. Seventy-six patients had matched IVUS examinations at baseline and 3-year follow-up
post-HTx. HTx, heart transplantation; IVUS, intravascular ultrasound; M, month. Modified from Arora et al. [12].

according to the 2004 ISHLT criteria [15] into mild rejec-  rejection within year 1 post-HTx, and (iii) at least one 2R
tion (1R), moderate rejection (2R), and severe rejection  or 3R rejection within year 1 post-HTx.

(3R). Patients were grouped by rejection profile into three According to trial protocol, every suspected rejection
groups: (i) no ACR within year 1 post-HTx, (ii) only IR episode prompted an endomyocardial biopsy within
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48 h regardless of anti-rejection therapy or within 24 h
of initiation of anti-rejection therapy. Scheduled biop-
sies were performed at weeks 1, 2, 4, and 8, and months
3, 6, and 12. Additional biopsies were allowed according
to local practice and when clinically indicated. Biopsies
were read and interpreted by local pathologists at each
center, and anti-rejection therapy followed local prac-
tice. A rejection episode occurring more than 10 days
after the beginning of the preceding one was considered
as a new rejection episode. Episodes of antibody-medi-
ated rejection (AMR) and rejection with hemodynamic
compromise were also recorded. Exclusion criteria for
entering period 2 of the SCHEDULE trial (>weeks
7-11) included ongoing treatment for rejection, biopsy-
proven ISHLT grade 3R or >2 episodes of ISHLT grade
2R during period 1, and AMR with hemodynamic com-
promise during period 1.

Intravascular ultrasound

Intravascular ultrasound was performed at BL (weeks 7—
11), at 1-year follow-up and at 3-year follow-up after
HTx. Examinations were conducted after routine coro-
nary angiography following intracoronary administration
of 200 pg nitroglycerin. The same major coronary epicar-
dial artery (preferably the left anterior descending artery,
LAD) was imaged using a 20-MHz, 2.9F, monorail elec-
tronic Fagle Eye Gold IVUS imaging catheter (Volcano
Corporation Inc, Rancho Cordova, CA, USA). The IVUS
catheter was placed as distal as possible, and from this
point to the ostium, automated mechanical pullback was
performed. Images were acquired at a rate of 30 frames/s
and a pullback speed of 0.5 mm/s generating 1-mm inter-
vals between every 60 frames. Images were stored for off-
line 3D volumetric analysis performed after trial closure
and blinded to treatment by a core laboratory (Oslo
University Hospital, Rikshospitalet, Oslo, Norway).

Precise matching of recordings was performed, and
semi-automated contour detection of the lumen as well
as the external elastic membrane (EEM) was conducted
at intervals of ~1 mm using dedicated software (QIVUS
v.3.0, Medis Medical Imaging Systems, Leiden, the
Netherlands). Borders were manually edited according
to the guidelines for acquisition and analysis of IVUS
images by the American College of Cardiology and
European Society of Cardiology [16]. In each patient,
the longest possible matching segment between the most
distal and proximal side branch visualized in the IVUS
pullback was analyzed.

The following parameters were recorded in all
patients using the mean result of all analyzed frames:
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(i) lumen cross-sectional area (CSA), (ii) EEM CSA,
and (iii) maximal intimal thickness (MIT). Using CSA
measurements, the total atheroma volume (TAV) (by
Simpson’s method) and percent atheroma volume
(PAV) (by equation: PAV = (3. (EEM,e, — Lumen,,e,)/
Y EEM,,..) x 100 were calculated. Incidence of CAV
was defined as mean MIT >0.5 mm over the entire
matched segment.

Coronary angiography

Coronary angiography was evaluated by experienced
local staff blinded to study treatment. The presence and
severity of CAV was graded according to ISHLT criteria
[17] into ISHLT CAVO, ISHLT CAV1, ISHLT CAV2, or
ISHLT CAV3. Only angiography performed at year 3
post-HTx was evaluated in this substudy.

Immunosuppression and prophylactic treatment

Induction therapy with antithymocyte globulin (ATG)
was administered within 12 h of HTx in all included
patients and continued for up to 5 days.

In the EVR group, EVR was initiated no later than the
fifth postoperative day at a dose of 0.75 mg twice daily.
Target trough level of EVR prior to weeks 7—-11 was 3—
6 ng/ml, and following CNI withdrawal, it was stepped
up to 6-10 ng/ml. Target trough level of CsA in the EVR
group was 75-175 ng/ml until weeks 7—11. CsA discon-
tinuation took place at week 7, but in case of ongoing
rejection, it was allowed to be postponed up to week 11.
The target dose of MMF was 1500-2000 mg/day until
weeks 7—11 and 1000 mg/day (minimum 750 mg/day) at
the time of CNI withdrawal and onwards.

In the CNI group, the target CsA trough level was
150-350 ng/ml during months 1-3, 100-250 ng/ml dur-
ing months 4-6, and 60-200 ng/ml onwards. The target
MMF dose was 2000-3000 mg/day.

All patients received CS at a minimum dose of
0.1 mg/kg during months 1-3 and of 0.05-0.1 mg/kg
during months 4-12. Beyond the first year CS could be
discontinued at the discretion of the investigator.

Prophylactic treatment for CMV infection was initiated
in CMV negative recipients with CMV-positive donors
and consisted of valganciclovir for at least 3 months. All
patients received lipid-lowering therapy with statin.

Statistics

This was a post hoc sub-analysis of the SCHEDULE
trial. Analyses were performed using sas 9.4 (SAS

Transplant International 2020; 33: 517-528
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Institute Inc., Cary, NC, USA) and GRAPHPAD PRISM 5.01
statistical software (GraphPad Software, Inc., La Jolla,
CA, USA). Data were expressed as median (interquartile
range) or as count (percentage) as appropriate. Non-
parametric statistics were applied. Groups were com-
pared by suitable tests (Kruskal-Wallis test, chi-square
test, or Fisher’s exact tests). Spearman’s correlation
analysis and multivariable linear regression analysis were
performed to evaluate the association between number
of mild rejections and AMIT from BL to 3-year follow-
up. Variables for the linear regression model were prese-
lected as known or expected risk factors for CAV devel-
opment. A two-tailed P-value of 0.05 was considered
statistically significant. All analyses were carried out for
the intention-to-treat population (n = 76).

The substudy population did not differ significantly
from the remaining SCHEDULE population with regard
to baseline parameters. Of the 76 patients included, 37
(49%) were randomized to the EVR arm and 39 (51%)
to the CNI arm. In terms of rejection, 25 (33%)
patients were in the no-ACR group, 32 (42%) patients
were in the IR group, and 19 (25%) patients were in
the 2R/3R group. Treatment allocation among rejection
groups was as follows: no-ACR group contained 8
(32%) EVR patients vs. 17 (68%) CNI patients, 1R
group contained 15 (47%) EVR patients vs. 17 (53%)
CNI patients, and 2R/3R group contained 14 (74%)
EVR patients vs. 5 (26%) CNI patients (P = 0.02).

Baseline characteristics

The baseline characteristics are presented in Table 1.
Median recipient age was 53 years (45-61), and 71%
were male. Pretransplant hypertension and diabetes
were found in 12% and 18%, respectively. One quarter
of the patients was supported by an LVAD prior to
HTx, and the most common indication for HTx was
idiopathic dilated cardiomyopathy (54%). Rejection
groups did not differ significantly with regard to base-
line parameters, except for systolic blood pressure
(P =0.01). The mGFR among rejection groups was not
significantly different (P = 0.08).

Immunosuppression

Discontinuation of CsA was performed at weeks 7-11 as
per protocol in all patients in the EVR group. In the
EVR group, a low-dose CNI had been reintroduced in

Transplant International 2020; 33: 517-528
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combination with EVR in 6 (16%) patients at 3-year
follow-up. In 6 (16%) patients, EVR was discontinued
because of adverse events. In 5 (13%) CNI patients,
CsA was replaced by EVR because of deteriorating renal
function. Thus, 17 (22%) patients in this substudy devi-
ated from the original protocol but were not excluded
as analyses were intention-to-treat.

Allograft rejection

The burden of rejection is summarized in Tables 2 and
3. Sixty-seven percent of patients experienced any kind
of rejection within the first year post-HTx. Overall, in
the current study population (n = 76) 1R was recorded
in 48 (63%) patients, 2R in 18 (24%) patients, and 3R
in 2 (3%) patients. In the 2R/3R group (n =19), 16
(84%) patients also experienced 1R. The number of
mild rejections per patient ranged from 0 to 18 episodes
with a median of 1 (0-3). Where anti-rejection treat-
ment was indicated, it consisted of corticosteroid in all
cases. No cases of humoral rejection or rejection with
hemodynamic compromise were observed within the
first year post-HTx.

Intravascular ultrasound

The mean length of the analyzed segments at BL, 1-year,
and 3-year follow-up was 36.7 + 7.3, 36.4 £ 8.1, and
36.8 + 10.5 mm, respectively. Figure 3 depicts the med-
ian MIT and median change in MIT at different time
points by rejection group, and Table 4 presents IVUS
parameters among groups in more detail. After 3 years,
MIT had increased by 0.11 (0.04-0.2) mm in the no-
ACR group, by 0.09 (0.05-0.14) mm in the IR group,
and by 0.11 (0.05-0.14) mm in the 2R/3R group.
Between-group differences were not statistically signifi-
cant (P = 0.84). The MIT at 3 years was numerically
higher in the no-ACR group compared with the 1R
group and the 2R/3R group but was not significantly
different among groups (P = 0.27). The incidence of
CAV determined by IVUS (mean MIT >0.5 mm) at 3-
year follow-up was 49% with group distribution as fol-
lows: 56% in the no-ACR group, 50% in the 1R group,
and 37% in the 2R/3R group (P = 0.43).

Figure 4 displays the correlation between number of
mild rejections within year 1 post-HTx and AMITg; sy.
No correlation was found (r = —0.025, P = 0.83), and
in an adjusted linear regression model, the number of
mild rejections within year 1 did not predict AMITg; 3y
(B = 0.003 [95% CI —0.008 to 0.015], P = 0.58). The
following variables were included in the model: number
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Table 1. Study population baseline characteristics (n = 76).

All (n = 76) No ACR (n = 25) 1R (n = 32) >2R (n = 19) P-value

Recipient characteristics

Recipient age (years) 3 (45-61) 55 (45-59) 3 (47-62) 51 (38-59) 0.41

Female gender (%) 2 (29%) 6 (24%) 0 (31%) 6 (32%) 0.80

BMI (kg/m?) 4 (22-26) 24 (22-26) 5 (22-27) 23 (21-25) 0.34

Systolic blood pressure (mmHg) 137 (124-150) 129 (118-141) 135 (125-145) 7 (130-159) 0.01

Diastolic blood pressure (mmHg) 0 (76-90) 0 (76-83) 1(70-92) 3 (80-90) 0.12
Medical history

Hypertension (%) 9 (12%) 3 (12%) 4 (13%) 2 (11%) 1.00

Diabetes mellitus (%) 14 (18%) 6 (24%) 5 (16%) 3 (16%) 0.75

LVAD (%) 19 (25%) 6 (24%) 8 (25%) 5 (26%) 0.99

History of smoking (%) 40 (53%) 14 (56%) 17 (53%) 9 (47 %) 0.85
HTx primary indication

Idiopathic dilated cardiomyopathy 41 (54%) 12 (48%) 19 (59%) 10 (53%) 0.49

Coronary artery disease 2 (29%) 0 (40%) 6 (19%) 6 31%)

Other* 3 (17%) 3 (12%) 7 (22%) 3 (16%)
Donor characteristics

Donor age (years) 44 (34-53) 47 (38-53) 44 (35-52) 43 (34-55) 0.99

Donor female gender (%) 28 (37%) 9 (36%) 1 (34%) 8 (42%) 0.85

Cold ischemia time (min) 205 (132-238) 223 (83-247) 184 (138-214) 206 (155-240) 0.32
Renal functiont

mGFR (ml/min/1.73 mz) 60 (51-74) 67 (59-75) 57 (47-72) 61 (55-78) 0.08

Serum creatinine (mmol/l) 98 (77-120) 93 (76-119) 107 (83-127) 93 (73-100) 0.16
Lipid profilet

Total cholesterol (mmol/l) 3.8 (3.2-4.7) 3.8 (2.9-4.8) 4.0 (3.4-4.7) 3.6 (3.0-5.1) 0.66

HDL (mmol/l) 0.9 (0.8-1.1) 1.0 (0.8-1.3) 1.0 (0.8-1.1) 0.9 (0.8-1.0) 0.85

LDL (mmol/1) 2.3(1.9-3.1) 2.2 (1.7-2.9) 2.3 (2.0-3.1) 2.2 (1.9-2.8) 0.55

Triglycerides (mmol/l) 1.3 (0.8-1.9) 1.0 (0.8-1.5) 1.6 (1.0-1.9) 1.4 (0.9-1.9) 0.18

1R, mild rejection; 2R, moderate rejection; 3R, severe rejection; ACR, acute cellular rejection; BMI, body mass index; HDL,
high-density lipoprotein; LDL, low-density lipoprotein; LVAD, left ventricular assist device; mGFR, measured glomerular filtration
rate.

Data are reported as median (IQR) or absolute number (percentage) as appropriate. Groups are compared with qui-square,
Fisher's exact, or Kruskal-Wallis test as appropriate.

*QOther: HCM, noncompaction, postpartum, myocarditis, congenital, RCM, not specified.
TAt time of transplantation.

Table 2. Distribution of biopsy-proven acute cellular rejection within 1 year of HTx (n = 76).

All (n = 76%) No ACR (n = 25%) 1R (n = 32%)

>2R (n = 19%)

Acute cellular rejection episodes* within year 1 post-HTx
No of patients with no rejection (%) 25 (33) 25 (100) — -
No of patients with 1R (%) 48 (63) - 32 (100) 16 (84)
18 18 (95)
2 2 (11)
19 (100)

No of patients with 2R (%)
No of patients with 3R (%)
No of patients with any rejection (%) 51 (

4) = -

) _ _

7) - 32 (100)
1R, mild rejection; 2R, moderate rejection; 3R, severe rejection; ACR, acute cellular rejection.

Data are reported as absolute number (percentage).

*According to the 2004 ISHLT criteria.

(
6
(2
3
6
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Table 3. Number of biopsy-proven acute cellular rejections pr. patient within 1 year of HTx (n = 76).

Median (IQR) Min—Max Mean + SD

Acute cellular rejection episodes* within year 1 post-HTx
Number of 1R pr. patient 1(0-3) 0-18 2.17 £ 2.97
Number of 2R pr. patient 0 (0-0) 04 0.36 + 0.76
Number of 3R pr. patient 0 (0-0) 0-1 0.07 + 0.16
Number of any rejection pr. patient 1 (0-4) 0-18 2.55 + 3.34

Data are reported as median (IQR), min-max, mean 4 SD. Median (IQR) is the most appropriate descriptive measure as the

numbers of rejections (1R, 2R, 3R) are not normally distributed.

*According to the 2004 ISHLT criteria.

of 1R, rejection group, recipient age, recipient gender,
recipient diabetes, donor age, and treatment arm (EVR
versus CNI). We found no significant interaction with
treatment arm (P = 0.98). Figure 5 depicts AMITy; 3y
by rejection group stratified by treatment arm. We
found no significant difference in AMITp; 3y between
EVR-treated and CNI-treated patients in neither of the
rejection groups (P = 0.50, P = 0.86, P = 0.31, respec-
tively). Tables S1-S7 present CAV-related parameters in
further detail.

Coronary angiography

Table 5 summarizes CAV evaluation by coronary
angiography at 3-year follow-up. The incidence of any
degree of CAV was 26%, and we found that 16% had
ISHLT CAV1, 9% had ISHLT CAV2, and 1% had
ISHLT CAV3. The proportion of patients with any
degree of CAV was numerically higher in the no-ACR
group (40%) compared with the 1R group (24%) and

the 2R/3R group (7%), but this did not reach statistical
significance (P = 0.06). ISHLT CAV1 was found in all
three rejection groups, whereas ISHLT CAV2 was only
found in the no-ACR group. The only case of ISHLT
CAV3 was found in the IR group.

This study found no association between the burden of
mild rejection within the first year post-HTx and the
development of CAV assessed by IVUS and coronary
angiography at 3 years post-HTx. Rejection group was
not associated with CAV, and number of mild rejections
did not predict AMITg;_3y. No interaction with treat-
ment allocation to EVR or CNI was found.

Cardiac allograft vasculopathy is believed to develop
secondary to a complex interplay of both immunologi-
cal and nonimmunological factors, which all contribute
to the vascular inflammation and endothelial dysfunc-
tion ultimately leading to disease [6,18,19]. The

1.0 Rejection group
09 - pP=0.27 == 10 ACR
08 mm only 1R
R ’ P=0.41 3 atleast one 2R/3R
E o074 p-
g 0.49
= 0.6
= 05-
14
Q 04 1
S 034
2 P=0.84
Q E _
S 0.2 P=0.97
0.1 - l I
0.0 T
01 4 MITg, MIT,y MIT,y AMITg 4y AMITg| 3y

Figure 3 Maximal intimal thickness by rejection group. 1R, mild rejection; 1Y, one year post-HTx; 2R, moderate rejection; 3R, severe rejection;
3Y, three years post-HTx; ACR, acute cellular rejection; BL, baseline; IQR, interquartile range.
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Table 4. Cardiac allograft vasculopathy assessed by intravascular ultrasound at 3 years post-HTx (n = 76).

All (n = 76) No ACR (n = 25) 1R (n = 32) >2R (n = 19) P-value
CAV assessed by IVUS

MIT (mm) at 3Y 0.49 (0.38-0.72) 0.59 (0.45-0.86) 0.52 (0.34-0.74) 0.46 (0.36-0.68) 0.27
TAV (mm3) at 3Y 140 (91-202) 143 (101-201) 132 (82-206) 117 (90-199) 0.80
PAV (%) at 3Y 4 (18-34) 6 (20-36) 4 (18-34) 2 (19-30) 0.64
AMIT BL-3Y (mm) 0. 09 (0.05-0.15) 0. 11 (0.04-0.2) 0. 09 (0.05-0.14) 0. 11 (0.05-0.14) 0.84
ATAV BL-3Y (mm3) 5 (—1 to 45) 4 (-3 to 44) 3 (—4 to 36) 6 (8-79) 0.35
APAV BL-3Y (%) 6 (4-8) (3-8) 5 (4-7) 6 (3-10) 0.57
MIT >0.5 mm at 3Y (incidence CAV) 37 (49%) (56%) 16 (50%) 7 (37%) 0.43
AMIT BL-3Y >0.5 mm 2 (3%) (4%) 1 (3%) 0 (0%) 1.0

1R, mild rejection; 2R, moderate rejection; ACR, acute cellular rejection; BL, baseline; CAV, cardiac allograft vasculopathy;
IVUS, intravascular ultrasound; MIT, maximal intimal thickness; PAV, percent atheroma value; TAV, total atheroma value; Y,

year.

Data are reported as median (IQR) or absolute number (percentage) as appropriate. Groups are compared with qui-square,

Fishers exact, or Kruskal-Wallis test as appropriate.

immunological basis of CAV pathogenesis is well estab-
lished [20] and implicates an interaction between the
adaptive and innate immune system, which creates a
chronic vascular inflammatory state [18,19]. Activation
of T cells and release of pro-inflammatory cytokines
cause recruitment of inflammatory cells and upregula-
tion of adhesion molecules by endothelial cells. This
pro-inflammatory and pro-fibrotic cascade ultimately
leads to smooth muscle cell migration, proliferation,
and deposition of extracellular matrix in the intima
[21], and CAV lesions are presumably the ultimate
result of this cascade of events.

1.0
0.9 1
0.8 o
0.7 1
0.6 1
0.5 1 °

044 o

0.3 - °
0.2 1
0.1 1

AMIT BL-3Y (mm)

Acute cellular rejection is an inflammatory response
predominantly mediated by T-lymphocyte infiltration
[22], and emerging evidence supports an association
between ACR and CAV [7,8,23,24]. As a manifestation
of the immunological contribution to CAV pathogene-
sis, ACR is believed to progressively increase the
inflammatory burden on the allograft and thereby pos-
sibly predispose to CAV development [7]. The isolated
effect of mild rejection, however, remains largely
unknown.

Acute cellular rejection is most frequent within the first
3-6 months after HTx [22]. Mild rejection is generally far

r =-0.025
P=0.83

:
0.0 +—§—
0140
-0.2 -

o4 e

10 15 20

Number of 1R rejections within year 1

Figure 4 Correlation between number of mild rejections within 1 year post-HTx and the change in maximal intimal thickness from baseline to
3-year follow-up post-HTx (AMIT BL-3Y). 1R, mild rejection; 1Y, one year post-HTx; 3Y, three years post-HTx; BL, baseline; MIT, maximal intimal

thickness. r = —0.025, P = 0.83.
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Figure 5 Change in maximal intimal thickness from baseline to 3-
year follow-up post-HTx (AMIT BL-3Y) by rejection group and strati-
fied by treatment arm (EVR versus CNI). 1R, mild rejection; 1Y, one
year post-HTx; 2R, moderate rejection; 3Y, three years post-HTx;
ACR, acute cellular rejection; BL, baseline; IQR, interquartile range;
MIT, maximal intimal thickness.

more frequent than higher grades of rejection and is less
likely treated, as low-grade rejection is believed to resolve
spontaneously. In contrast, higher grades of rejection are
treated, which presumably results in a suppression of the
inflammatory process associated with rejection. The ques-
tion remains whether more episodes of (untreated) mild
rejection have an effect comparable to that of fewer epi-
sodes of moderate—severe rejection in terms of increased
inflammatory burden and CAYV liability.

Stoica et al. [7] found that moderate and severe
rejection had an independent cumulative effect on the
onset of CAV, whereas mild untreated rejection was not
associated with CAV. On the contrary, Raichlin et al.
[8] found that any cellular rejection episode—90% of
them low-grade—contributed to CAV development and
proposed that moderate and severe rejection had an
even more severe cumulative impact. Both studies were
predominantly based on angiography and did not apply
ISHLT CAV criteria.

Our findings do not align with previous experience
as we were not able to demonstrate an association
between ACR and CAV. The IR group did not have
more CAV than the no-ACR group determined by
IVUS and coronary angiography, and CAV-related
IVUS parameters were not more severely affected. Sur-
prisingly, nor did the 2R/3R group suggesting that
patients with >2R rejection did not experience a higher
CAV burden than patients in the 1R group and no-
ACR group. In fact, both with regard to IVUS and
angiographic evaluation we saw an overall trend toward
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=69).

Table 5. Cardiac allograft vasculopathy assessed by coronary angiography at 3 years post-HTx (n

P-value

(n =15, %)

>2R

1R (n = 29, %)

No ACR (n = 25, %)

All (n = 69, %)

The impact of ACR on CAV in HTx recipients

CAV assessed by coronary angiography*

0.06
0.02

10 (40) 7 (24)

18 (26)

11 (16)

No of patients with any degree of CAV (%)

4 (16)
6 (24)

ISHLT CAV1 (%)
ISHLT CAV2 (%)

ISHLT CAV3 (%)
No of patients with no CAV (%)

—

69

—
=

o

—
~

—

15 (60)

51 (74)

1R, mild rejection; 2R, moderate rejection; ACR, acute cellular rejection; CAV, cardiac allograft vasculopathy; CAV1, mild; CAV2, moderate; CAV3, severe; ISHLT, inter-

national society for heart and lung transplantation.

Data are reported as absolute number (percentage). Groups are compared with qui-square or Fishers exact test as appropriate.

*According to the 2010 ISHLT criteria. NB seven patients are missing coronary angiography at 3Y (n = 69).
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more CAV in the no-ACR group compared with the 1R
group and the 2R/3R group. Prior studies have also
examined PAV as a measure of CAV in HTx [25-28].
We did not find excess rejection to result in excess CAV
in terms of PAV measures.

The observed tendency toward more CAV in the no-
ACR group deserves commentary. Patients in the no-
ACR group were numerically older and had older
donors and longer cold ischemic time compared with
patients in the IR group and the 2R/3R group. Also,
the proportion of patients with diabetes, history of
smoking, and coronary artery disease as primary indica-
tion for HTx were numerically higher. As these are all
among possible risk factors for the development of
CAV, this unequal distribution, although not statisti-
cally significant, might have been a driver of our find-
ings. Furthermore, the fact that younger recipients
generally tend to have more and severe rejections but
less CAV might place patients with low a priori risk of
CAV in the 2R/3R group. Similarly, the fact that older
recipients tend to have less degree of rejection, but
more CAV-related risk factors and CAV might place
patients with higher a priori risk of CAV in the no-
ACR group. This might also in part explain our
findings.

Treatment allocation to either EVR or CNI is another
possible confounder. Everolimus is a proliferation signal
inhibitor (PSI) that inhibits the mammalian target of
rapamycin (mTOR) signaling pathway and offers effective
immunosuppressive activity combined with antiprolifera-
tive properties [29,30]. This is achieved by blocking inter-
leukin (IL)-2- and IL-15-driven proliferation of T and B
cells as well as vascular smooth muscle cells, by inhibiting
the activation of p70 S6 kinase, and thereby arrest the cell
cycle in the G1 phase [31-33]. Combining immunosup-
pressive and antiproliferative effects, EVR has gained
much attention as an alternative to CNI-based immuno-
suppression in terms of ameliorating the burden of CAV
post-HTx. Previous studies have shown that EVR initia-
tion combined with standard or reduced CNI therapy can
attenuate intimal thickening after HTx [34,35]. The
SCHEDULE trial demonstrated that EVR initiation and
early CNI elimination significantly reduced CAV progres-
sion at 1 year and that this beneficial effect was sustained
at 3-year follow-up post-HTx [11,12]. CNI agents do not
seem to possess similar ameliorating effects on CAV
development [36]. One could therefore expect EVR
patients to demonstrate less CAV than CNI patients in
this substudy.

Treatment distribution among rejection groups was
unequal as approximately 1/3 of patients in the no-ACR
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group received treatment with EVR and 2/3 of patients
in the 2R/3R group received treatment with EVR. The
IR group had the most equal treatment distribution.
This might in part be explained by the fact that EVR
patients were more prone to experience ACR compared
with CNI patients. As stated in a previous SCHEDULE
report, EVR patients had a higher incidence of biopsy-
proven acute rejection compared with CNI patients
(78.4% in EVR group vs. 56.4% in CNI group) and the
proportion of patients with rejection grade >2R was sig-
nificantly higher in the EVR group (41% vs. 13%,
P =0.01), seemingly without a proportionately aggra-
vating effect on CAV development [12].

Consequently, the attenuating effect of EVR on CAV
development together with the unequal distribution of
EVR patients among rejection groups might have
blurred our findings and possibly camouflaged an asso-
ciation between rejection profile and CAV. However, we
found no interaction with treatment arm in the
adjusted model and treatment arm did not seem to
affect AMITg; 3y within rejection groups. Furthermore,
when evaluating CAV parameters for treatment groups
separately, we could not establish an association
between mild rejection and CAV in neither of the treat-
ment groups (Supporting Information).

One might argue that the primary endpoint or expo-
sure time was not suited to test the association between
mild ACR and CAV development. Change in MIT from
BL to 1 year is a more established endpoint among
HTx recipients, but on the other hand the 3-year fol-
low-up might be too short to detect a possible effect.
Obviously, the exact timespan for a given inflammatory
response to translate into evident and detectable CAV is
somewhat elusive. By choosing a 3-year follow-up, we
believed to increase our chances of detecting an effect.
Perhaps even more time is needed. The rationale for
selecting ACR within 1 year as exposure was that the
highest ACR incidence is observed here. Also, proto-
colled biopsies in the SCHEDULE trial was only
performed within the first year.

Limitations

We acknowledge important limitations to this study,
which must be emphasized with respect to interpretation
and extrapolation of our findings. The size of the study
population and subgroups were small, which could
potentially impair statistical power. This was a post hoc
analysis of the SCHEDULE trial, which was not designed
and powered to test this hypothesis and evaluate the asso-
ciation in question. Only 66% of the original SCHEDULE
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population was included because of the availability of
matching IVUS examinations, which might constitute a
selection bias, and treatment distribution was unequal
among rejection groups possibly distorting results. Fur-
thermore, evaluating the isolated effect of mild rejection
was challenging as most patients with moderate—severe
rejection also experienced mild rejection.

In conclusion, our findings did not support an associa-
tion between mild rejections within 1 year post-HTx
and the development of CAV at 3 years post-HTx. This
suggests that the burden of mild rejection should not
necessarily lead to alterations in anti-rejection approach
and management of HTx recipients with regard to the
prevention of CAV development and progression.
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