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Background: During the last decades, several risk factors for the recurrence of hepatocellular carcinoma
(HCC) after liver transplantation (LT) have been investigated. However, the impact of two important
drivers of oncogenesis, namely the immunosuppression and the treatment of acute cellular rejection
(ACR) have been marginally addressed. This study aimed at investigating the impact of ACR treatment

Keywords: on the incidence of tumor recurrence in a large European HCC-LT population.

Liver transplantation Methods: Seven hundred and eighty-one adult patients transplanted between February 1, 1985 and June
Recurrence 30, 2016 were retrospectively analyzed. After propensity score match, 116 patients treated for ACR using
Steroid steroid boluses were compared with 115 patients who did not present any ACR or a histologic but clinical
Liver biopsy irrelevant ACR.

Acute rejection Results: Steroid boluses treated patients had a 18-fold higher overall incidence of HCC recurrence than

those non-treated patients (16.4% vs. 0.9%; P<0.0001). At multivariate Cox regression analysis, steroid
boluses used to treat ACR were an independent risk factor for HCC recurrence (HR=14.2; 95% CI: 1.8-
110.4; P=0.010).
Conclusions: The decision to treat ACR as well as to reinforce immunosuppression load should be cau-
tiously taken in view of the presented results. Prospective studies are needed to further elucidate the
clinical impact of immunosuppression on HCC recurrence after transplantation.
© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier
B.V. All rights reserved.

Introduction

Liver transplantation (LT) is the best curative treatment of hep-
atocellular carcinoma (HCC) developed in a cirrhotic liver [1]. Un-
fortunately, about 15%-20% of LT patients experience HCC recur-
rence [2]. During the last two decades, multiple pre- and post-LT
risk factors for recurrence have been investigated [3-5]. Although
HCC development and recurrence had already been linked to im-
munosuppression (IS) more than 30 years ago both in the experi-
mental and clinical settings, the “tumor risk factor IS” has shown
controversial results [6-10]. The inconsistency of the studies re-
garding IS with HCC recurrence is explained by the fact that most
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investigated cohorts were heterogeneous, receiving very different
IS schemes. Moreover, almost all attention in this field of trans-
plant oncology has been given to the morphologic (numbers and
diameter of tumor) and biologic (tumor markers and PET-scan tu-
mor uptake) behavior of cancer [11].

Clinical research on HCC recurrence has been primarily done in
relation to the detrimental role of the IS load in form of contin-
ued steroid use or higher dosage of calcineurin inhibitors (CNI) and
the protective role of mammalian target of rapamycin inhibitors
(mTORi), with these latter drugs exhibiting both immunosuppres-
sive and anti-angiogenic/proliferative properties [12-17]. The im-
pact of the treatment of acute cellular rejection (ACR) as a possible
risk factor for HCC recurrence has never been reported.

The study aimed to investigate the effect of ACR treatment with
steroids on HCC recurrence in a broader European population of LT
patients using a rigorous statistical approach based on a propensity
score matching (PSM).
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Methods

A retrospective analysis was performed including 781 adult
patients transplanted between February 1, 1985 and June 30, 2016,
and having a pre-LT radiological/pathological diagnosis of HCC.
Data were obtained from the prospectively collected databases of
three collaborative centers: Brussels (n=309), Innsbruck (n=296),
and Mainz (n=176). In order to create two homogeneous and
comparable groups, the following exclusion criteria were used: (a)
follow-up shorter than two years after LT in non-recurred patients
(as this may indicate a too short time for developing a recurrence
in these patients) [11] (n=134); (b) HCC recurrence within six
months (as this may reflect an inadequate selection process or
underestimated tumor load) [18] (n=14) or after five years (as
this may be indicative of a possible de novo tumor formation) [19]
(n=14) from LT; (c) re-LT within six months (n=20); and (d)
insufficient data collection (n=18).

This procedure identified 581 patients for PSM analysis. The de-
pendent variable used for the stratification of groups was the use
of steroid boluses to treat a clinically relevant ACR.

PSM allowed to identify a total population of 231 cases: 116 pa-
tients were treated with steroid boluses (ACR-STER group) and 115
patients without ACR or with a pathologic, but clinically irrelevant
ACR (control group). The follow-up of the investigated population
was 4.2 years (interquartile ranges [IQR]: 3.0-6.5).

IS regimen after LT

All three centers had similar approaches regarding IS handling
consisting of CNI-based IS and low-dose steroid use, sometimes
combined with anti-metabolites mycophenolate mofetil (MMF)
(n=136, 58.9%) or azathioprine (AZA) (n=38, 16.5%). In the case of
reduced renal function at the time of LT, the interleukin-2 recep-
tor antagonist basiliximab (Simulect®, Novartis Basel, CH) was ad-
ministered to delay the introduction of CNI (n =42, 18.2%). Steroids
were gradually tapered and discontinued within 3-6 months from
LT. From 2000 onwards, steroids were not used at all or withdrawn
within three months: during this period, steroids were removed
after >3 months in only 27/200 (13.5%) cases. In the case of CNI-
related side effects, some patients were switched to mTORi (n=18,
7.8%). Serum trough levels of CNI or mTORi were regularly moni-
tored at the outpatient clinic and maintained within clinically rec-
ommended ranges.

Diagnosis of acute cellular rejection

Unexplained liver test disturbances were thoroughly investi-
gated, always including a liver biopsy. In the case of discordant
pathology and clinical findings (e.g., healthy or slightly raised
liver tests in patients with histologically proved ACR after protocol
biopsy), ACR was considered clinically irrelevant and consequently
left untreated (n=40, 17.3%). Only a minority of patients had ACR
treatment based on clinical suspicion (n=30, 13.0%). In Brussels,
protocol liver biopsies at seven days and one year were done in
all patients; whereas the Mainz and Innsbruck centers did not per-
form protocol biopsies. The severity of ACR was graded following
Banff criteria, being stratified as mild (score <5), moderate (5-6),
and severe (7-9) rejections [20].

Treatment of acute cellular rejection

ACR treatment consisted in all cases of intra-venous steroid bo-
luses, with a median dosage of 1500 mg (IQR: 1000-1500) followed
by steroid maintenance for 3-6 months. Furthermore, IS load was
raised by introducing either cyclosporine A (CyA) or tacrolimus
(TAC) in CNI-free patients (5/116, 4.3%), switching from CyA to

TAC in CyA-treated patients (8/116, 6.9%), higher dosing of CNI-
treatment (36/116, 31.0%) and by adding anti-metabolites (51/116,
44.0%).

Statistical analysis

Continuous and dummy variables were reported as medians
(IQRs) and as numbers (percentages), respectively. Comparisons
for continuous variables were performed using the Mann-Whitney
test. For dummy variables, the Chi-square test or the exact Fisher
test were used when appropriate. Fifteen different variables rec-
ognized in the recent HCC-LT literature as possible confounders
for the risk of post-LT HCC recurrence were used for matching
the patients in the PSM: transplantation before or after 1996,
waiting-time per month, male sex, age per decade, positive hep-
atitis C virus (HCV)-status, radiological tumor progression, pre-LT
alpha-fetoprotein (AFP) value, pre-LT loco-regional treatment
(LRT), diameter of the largest lesion >5cm or number of lesions
>3, Milan criteria (MC)-OUT-status, tumor multifocality, poorly
differentiated tumor, macro- and microvascular invasion. All mor-
phologic tumor characteristics were based on the final pathology
report of the total hepatectomy specimen. PSM was performed
using a “nearest neighbor matching” algorithm to match to each
ACR-STER group patient a control group patient having the closest
propensity score. A caliper of few than 0.20 times the standard
deviation of the scores was used [21]. Each pair was used once.
Unpaired patients were discarded from the analysis. A final 1:1
match was generated [22].

A multivariate Cox regression analysis was performed on the
post-PSM population to identify independent risk factors for HCC
recurrence after LT. Initially, 26 different variables were analyzed
in the model: male sex, age at LT, HCV-related cirrhosis, waiting
time, model for end-stage liver disease (MELD) score >15 at LT,
no use of LRT, radiological progression of tumor disease, radio-
logical complete response, log;pAFP value (ng/mL), dimension of
the largest lesion >5cm, number of nodules >3, MC-OUT status,
poorly differentiated tumor and microvascular invasion at pathol-
ogy, severity of rejection taking into account Banff score, use of
basiliximab, initial use of TAC, initial use of CyA, high exposure
to CNI during the first year post-LT, initial use of mTORi, ini-
tial use of MMF, initial use of AZA, initial steroid-free therapy,
steroid withdrawal, and use of and total dose of steroid boluses
per 1000 mg as treatment of ACR. A stepwise backward conditional
method was used to exclude step-by-step the covariates with a P
value >0.1.

High exposure to CNI was determined by median TAC and CyA
serum trough levels at 1, 3, 6, 9, and 12 months after LT or after
ACR treatment. Cut-off exposure values were defined as >10ng/mL
for TAC and > 400 ng/mL for CyA, respectively [16].

HCC recurrence rate was presented using Kaplan-Meier statis-
tics and log-rank tests on the entire population. A subgroup anal-
ysis was also done on patients with or without pre-ACR steroid
withdrawal. Variables with a P <0.05 were considered statistically
significant. SPSS statistical package version 23.0 (SPSS Inc., Chicago,
IL, USA) was used.

Results

Patient- and tumor-related characteristics before and after PSM
are displayed in Tables 1 and 2. After PSM, 116 patients with one
or more episodes of ACR treated with steroid boluses were identi-
fied and compared to 115 patients consisting of 75 (65.2%) patients
who did not present ACR and 40 (34.8%) patients who presented
a documented but clinically irrelevant rejection not deserving
treatment. When comparing these two groups, no differences
were observed concerning patient characteristics, underlying liver
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Table 1
Patient- and tumor-related characteristics in two groups before PSM.
Variables ACR-STER group (n=116) Control group (n=465) P value
Male sext 4 (81.0%) 389 (83.7%) 0.491
Age at LT (yr)? 7 (50-63) 9 (51-64) 0.470
Waiting time (mon)? 4.7 (1.7-10.0) 7 (3.0-9.4) 0.166
Waiting time <4 months 6 (48.3%) 180 (38.7%) 0.072
Underlying liver disease*
HCV-related cirrhosis® 40 (34.5%) 172 (37.0%) 0.667
HBV-related cirrhosis 2 (10.3%) 5 (14.0%) 0.360
Alcohol-related cirrhosis 5 (38.8%) 187 (40.2%) 0.832
NASH-related cirrhosis 2 (10.3%) 7 (8.0%) 0.454
Other liver pathology 2 (10.3%) 4 (7.3%) 0.243
Lab-MELD at LT 1 (8-16) 0 (8-14) 0.721
LT before 19968 6 (13.8) 9 (4.1) 0.0001
Radiological tumor characteristics before LT
Major lesion diameter > 5.0 cm 7 (6.0%) 25 (5.4%) 0.334
Number of lesions > 3 20 (17.2%) 66 (14.2%) 0.002
Higher value of log;oAFP (ng/mL)? 1.2 (0.7-1.8) 1.0 (0.7-1.5) 0.102
Radiological response after LRT
CR 24 (20.7%) 134 (28.8%) 0.081
PR 45 (38.8%) 137 (29.5%) 0.058
SD 12 (10.3%) (15.7%) 0.186
PD¢ 17 (14.7%) 6 (16.3%) 0.777
No LRT¢ 18 (15.5%) 47 (10.1%) 0.102
Tumor pathology
Major lesion diameter (cm) 2.0 (0.8-3.5) 1.5 (0.5-3.0) 0.107
Major lesion diameter >5.0 cm$ 11 (9.5%) 29 (6.2%) 0.221
Number of lesions 1(1-3) l (1-2) 0.096
Number of lesions >3§ 16 (13.8%) 0 (12.9%) 0.760
MC-OUT status® 38 (32.8%) 113 (24.3%) 0.076
Multifocality® 56 (48.3%) 03 (43.7%) 0.404
Bilobarity 26 (22.4%) 5 (18.3%) 0.503
Poorly differentiated tumor (G3-G4)% 10 (8.6%) 5 (11.8%) 0411
Microvascular invasion$ 18 (15.5%) 8 (14.6%) 0.772
Macrovascular invasion$ 5 (4.3%) 5 (1.1%) 0.031
Post-LT recurrence 19 (16.4%) 69 (14.8%) 0.666

Control group: patients without ACR or with a pathologic, but clinically irrelevant ACR.

* In 36 cases, patients contemporaneously presented multiple pathologies: HCV + alcohol = 16; HCV + HBV = 6; HBV + alcohol =4; alcohol + other =4; alcohol + NASH =2;

HCV + other =3; HBV +other=1.

** 6 cases in the ACR-STER group and 3 cases in the control group were initally diagnosed as non A non B hepatitis and then updated as HCV after 1991. §: covariates used
for the propensity score match. ACR: acute cellular rejection; STER: steroid; LT: liver transplantation; HCV: hepatitis C virus; HBV: hepatitis B virus; NASH: non-alcoholic
steato-hepatitis; MELD: model for end-stage liver disease; AFP: alpha-fetoprotein; LRT: loco-regional treatment; CR: complete response; PR: partial response; SD: stable

disease; PD: progressive disease; MC: Milan criteria.

disease, length of waiting time, and the severity of liver disease
at the time of LT. The only observed difference was related to
the period of LT, with more cases transplanted before 1996 in the
group treated with steroid boluses (13.8% vs. 4.4%; P=0.010). No
differences were observed between the groups regarding tumor
characteristics such as AFP values at LT and pathology of the total
hepatectomy specimen. In particular, poorly differentiated tumor
(8.6% vs. 8.7%; P=1.000) and microvascular invasion (15.5%vs.
19.1%; P=0.491) were similar in both groups.

CyA-based initial IS was more common in ACR-STER group
(25.0% vs. 11.3%; P=0.010) and TAC-based initial IS was more com-
mon in the control group (87.0% vs. 68.1%; P=0.001), explaining
also the more frequent steroid withdrawal in this group (96.5% vs.
84.5%; P=0.003). No differences were noted when analyzing CNI
and mTORi exposure during the first post-LT year (Table 3).

The analysis of ACR characteristics in steroid treated and
non-treated patients revealed that almost all the patients in the
control group (39/40, 97.5%) had a biopsy-proven ACR (BPACR);
this percentage was significantly lower in the ACR-STER group
(86/116; 74.1%; P=0.001). The number of patients presenting a se-
vere BPACR was similar in both groups (18.6% vs. 23.1%; P=0.631),
as was the severity of ACR (median score: 6 vs. 5; P=0.839)
(Table 4).

HCC recurrence was diagnosed in 20 (8.7%) of 231 patients af-
ter a median time of 16.6 months (IQR: 10.7-28.1). HCC recur-
rence was 18-fold higher in the ACR-STER group than in the control

group (16.4% vs. 0.9%; P<0.0001). All recurrences in the ACR-STER
group were diagnosed after ACR treatment; the median time from
first steroid bolus administration to recurrence was 13.9 months
(IQR: 10.1-28.0).

With the intent to identify independent risk factors for HCC re-
currence, a multivariate Cox regression analysis was constructed.
Well-known risk factors for recurrence such as microvascular in-
vasion and poorly differentiated tumor lost their significance dur-
ing the stepwise procedure; in contrast, the tumor-related vari-
ables AFP level (hazard ratio [HR]=2.9; 95% CI: 1.7-4.8; P<0.0001),
radiological progression of disease (HR=4.9; 95% CI. 1.7-14.5;
P=0.004) and pathological MC-OUT status (HR=4.2; 95% CI: 1.4-
12.9; P=0.010) remained significant. HCV-related cirrhosis was a
patient-related risk factor (HR=5.8; 95% CI: 1.9-17.2; P=0.002).
Steroid withdrawal was protective against the risk of recurrence
(HR=0.2; 95% CI: 0.1-0.6; P=0.003), and steroid treatment of ACR
was an IS-related risk factor for recurrence (HR=14.2; 95% CI: 1.8-
110.4; P=0.010) (Table 5).

One-, three- and five-year HCC recurrence rates in the ACR-STER
group and control group were 4.3%, 13.0% and 17.0% versus 0.9%,
0.9% and 0.9%, respectively (P<0.0001) (Fig. 1).

A sub-analysis was also performed to stratify the entire popu-
lation according to the pre-ACR use of steroids. In patients with
pre-ACR steroid withdrawal, a significant difference was again con-
firmed when comparing the ACR-STER and control groups (five-
year recurrence rate: 12.6% vs. 0%; P=0.001). In the subgroup of
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Table 2

Patient- and tumor-related characteristics in two groups after PSM.

Variables ACR-STER group (n=116) Control group (n=115) P value
Male sex 4 (81.0%) 5 (82.6%) 0.865
Age at LT (yr) 7 (50-63) 0 (54-64) 0.128
Waiting time (mon) 7 (1.7-10.0) 0 (3.0-9.7) 0.275
Waiting time <4 months 6 (48.3%) 4 (38.3%) 0.145
Underlying liver disease*
HCV-related cirrhosis 40 (34.5%) 0 (34.8%)" 1.000
HBV-related cirrhosis 2 (10.3%) 3 (11.3%) 0.836
Alcohol-related cirrhosis 5 (38.8%) 4 (47.0%) 0.233
NASH-related cirrhosis 2 (10.3%) 2 (10.4%) 1.000
Other liver pathology 2 (10.3%) 0 (8.7%) 0.823
Lab-MELD at LT 1(8-16) 10 (8-14) 0.576
LT before 1996 6 (13.8%) 5 (4.4%) 0.010
Radiological tumor characteristics before LT
Major lesion diameter > 5.0 cm 7 (6.0%) 14 (12.2%) 0.700
Number of lesions > 3 20 (17.2%) 19 (16.5%) 0.040
Higher value of logoAFP (ng/mL) 1.2 (0.7-1.8) 1.0 (0.7-1.5) 0.227
Radiological response after LRT
CR 4 (20.7%) 30 (26.1%) 0.354
PR 5 (38.8%) 38 (33.0%) 0.411
SD 2 (10.3%) 11 (9.6%) 1.000
PD 7 (14.7%) 28 (24.3%) 0.069
No LRT 8 (15.5%) 18 (15.7%) 0.100
Tumor pathology
Major lesion diameter (cm) 2.0 (0.8-3.5) 2.0 (1.0-3.0) 0.956
Major lesion diameter > 5.0 cm 11 (9.5%) 9 (7.8%) 0.816
Number of lesions 1 (1-3) 1(1-3) 0.896
Number of lesions >3 6 (13.8%) 20 (17.4%) 0.474
MC-OUT status 38 (32.8%) 28 (24.3%) 0.190
Multifocality 6 (48.3%) 56 (48.7%) 1.000
Bilobarity 26 (22.4%) 27 (23.5%) 1.000
Poorly differentiated tumor (G3-G4) 0 (8.6%) 10 (8.7%) 1.000
Microvascular invasion 18 (15.5%) 22 (19.1%) 0.491
Macrovascular invasion 5 (4.3%) 1 (0.9%) 0.213
Post-LT recurrence 19 (16.4%) 1 (0.9%) <0.0001

Control group: patients without ACR or with a pathologic, but clinically irrelevant ACR.
* In 19 cases, patients contemporaneously presented multiple pathologies: HCV + alcohol =

HCV +HBV =2.

8; HBV +alcohol =

3;

alcohol + other = 2; alcohol + NASH =2; HCV + other=2;

** 5 cases in the ACR-STER group and one case in the CONTROL group were initally diagnosed as non A non B hepatitis and then updated as HCV after 1991. ACR:
acute cellular rejection; STER: steroid; LT: liver transplantation; HCV: hepatitis C virus; HBV: hepatitis B virus; NASH: non-alcoholic steato-hepatitis; MELD: model for end-
stage liver disease; AFP: alpha-fetoprotein; LRT: locoregional treatment; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; MC: Milan

criteria.
Table 3
Immunosuppression regimen used in two patient groups after PSM.
Induction drugs use ACR-STER group (n=116) Control group (n=115) P value
Basiliximab 18 (15.5%) 24 (20.9%) 0.311
mTORi use
Drug introduction at any moment 26 (22.4%) 14 (12.2%) 0.055
Initial (<3 mon) introduction 8 (6.9%) 4 (3.5%) 0.375
Continuous use >1 year 21 (18.1%) 11 (9.6%) 0.085
Still ongoing use 13 (11.2%) 9 (7.8%) 0.502
Interruption for any cause 8 (6.9%) 3(2.6%) 0.215
CNI use
Initial TAC use 79 (68.1%) 100 (87.0%) 0.001
TAC exposure during first LT year (ng/mL) 5.8 (4.9-71) 7 (4.8-6.8) 0.369
Initial CyA use 29 (25.0%) 13 (11.3%) 0.010
CyA exposure during first LT year (ng/mL) 242 (158-316) 185 (124-271) 0.281
Anti-metabolites use
Initial MMF use 66 (56.9%) 70 (60.9%) 0.593
Initial azathioprine use 25 (21.6%) 13 (11.3%) 0.050
Steroids use
Steroid-free initial approach 2 (1.7%) 1 (0.9%) 1.000
Steroid withdrawal 98 (84.5%) 111 (96.5%) 0.003

Control group: patients without ACR or with a pathologic, but clinically irrelevant ACR. ACR: acute cellular rejection; STER: steroid; mTORi: mammalian target of rapamycin

inhibitor; TAC: tacrolimus; CyA: cyclosporine A; MMF: mycophenolate mofetil.

patients having continuous steroid administration, the ACR-STER
group patients having both continuous steroid administration and
steroid bolus treatment further raised the five-year HCC recurrence
rate to a remarkable 42.9%. Interestingly, the five-year recurrence
rate was also markedly elevated to 25% in patients of the control
group continuing steroids (Table 6).

When analyzing the modifications of IS after treatment in the
ACR-STER group, two main differences were related to HCC recur-
rence: recurring patients were more commonly kept on steroids
during the first post-LT year (57.9% vs. 32.0%; P=0.04) and on re-
inforced IS by adding CNI or by switching CNI from CyA to TAC
(68.4% vs. 37.1%; P=0.020) (Table 7).
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Table 4
Specific aspects correlated with acute rejection in the post-PSM population.
Variables ACR-STER group (n=116) ACR-non-treated group (n=40)* P value
Biopsy-proved ACR 86 (74.1%) 39 (97.5%) 0.001
Banff score$ 6 (4-7) 5 (4-7) 0.839
Mild (score <5) 46 (53.5%) 22 (56.4%) 0.847
Moderate (score 5-6) 24 (27.9%) 8 (20.5%) 0.508
Severe (score 7-9) 16 (18.6%) 9 (23.1%) 0.631
* On 115 patients. $Including 86 patients in ACR-STER group and 39 ACR-non-treated patients from control group. ACR: acute cellular rejection, STER: steroid.
Table 5
Multivariable Cox regression analysis for the risk of HCC recurrence after liver transplantation in the post-PSM population.
Variables Beta coefficient HR 95%Cl P value
HCV-related cirrhosis 1.749 5.8 1.9-17.2 0.002
Radiological progression of disease 1.591 49 1.7-145 0.004
log1oAFP value (ng/mL) 1.055 2.9 1.7-4.8 <0.0001
Pathological MC-OUT status 1.436 4.2 14-129 0.010
Steroid withdrawal -1.524 0.2 0.1-0.6 0.003
Use of steroid bolus for ACR treatment 2.655 14.2 1.8-110.4 0.010

-2Log likelihood: 146.4. Variables initially introduced in the model and then removed using a backward conditional method: male sex, age at LT (per year), waiting time
(per month), MELD > 15 at LT, no use of locoregional treatments, radiological complete response, pathological dimension of the target lesion > 5cm, pathological number of
nodules >3, poorly differentiated tumor, microvascular invasion, severe Banff score, use of basiliximab, initial use of tacrolimus, initial use of cyclosporine, high exposure to
CNI during the first year after LT, initial use of mTORj, initial use of MMEF, initial use of azathioprine, steroid-free initial therapy, total dose of steroid boluses for the treatment
of ACR (per 1000 mg). HR: hazard ratio; 95% CI: 95% confidence intervals; HCV: hepatitis C virus; AFP: alpha-fetoprotein; MC: Milan criteria; ACR: acute cellular rejection; LT:
liver transplantation; MELD: model for end-stage liver disease; CNI: calcineurin inhibitor; mTORi: mammalian target of rapamycin inhibitor; MMF: mycophenolate mofetil.

Discussion

The majority of studies dealing with HCC recurrence focus on
the well-established tumor-related variables morphology (num-
ber and diameter), biology (evolution of tumor and inflamma-
tory markers in the absence or presence of LRT and tumor
uptake at PET-scan) [23,24] and pathology (microvascular inva-
sion, tumor differentiation, satellite lesions) of the hepatectomy
specimen.

Conversely, the role of IS has been less extensively clarified,
although several studies have been published on this topic. Indeed,
Virchow already demonstrated as early as 1863 that inflammation
and tumor formation are closely linked [25,26]. This early obser-
vation has been confirmed later on, both in countless experiments

and in clinical experiences. It is well known from all different
fields of oncology that an immunosuppressed state is a significant
trigger of oncogenesis [3-5,7,27,28| and that cancer is a price to
pay for immunosuppressive therapy [29-31]. This price has been
demonstrated for all different categories of immunosuppressive
drugs [9,32-35].

A possible explanation for the inconsistency of the studies fo-
cused on IS and HCC lies in the fact that investigating the cor-
relation between IS per se and reinforced IS (such as applied in
the treatment of ACR), and HCC recurrence after LT is difficult
due to the presence of numerous pre- and post-LT confounders.
With the intent to adequately study the link between IS and ACR
treatment, it is of importance to construct a model based on the
comparison of patients with similar tumor-related characteristics.

—I1 Control

—I1 ACR-STER

e Control censored

e ACR-STER censored

Log-rank P value <0.0001
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Fig 1. HCC recurrence rates observed in two post-PSM groups of patients with or without acute cellular rejection treatment.
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Table 6

Recurrence rates of the post-PSM population and the two sub-groups of patients with and without pre-ACR steroid withdrawal.

Recurrence rate

Groups n P value
1-year 3-year 5-year
Entire population
ACR treated 116 4.3% 13.0% 17.0% <0.0001
No treatment 115 0.9% 0.9% 0.9%
No pre-ACR steroid withdrawal
ACR treated 18 22.2% 33.3% 42.9% 0.727
No treatment 4 25.0% 25.0% 25.0%
Pre-ACR steroid withdrawal
ACR treated 98 1.0% 9.2% 12.6% 0.001
No treatment m 0 0 0
ACR: acute cellular rejection.
Table 7
Immunosuppression regimen used in the ACR-treated group, differences between recurring and not recurring cases.
Variables No recurrence (n=97) HCC recurrence (n=19) P value
Second treatment with steroid boluses 13 (13.4%) 2 (10.5%) 1.000
Post-ACR steroid continuation >6 months (40 2%) 11 (57.9%) 0.206
Post-ACR steroid continuation >12 months 1 (32.0%) 11 (57.9%) 0.040
CNI add or switch to a stronger CNI 6 (37.1%) 13 (68.4%) 0.020
MMEF introduction 45 (46.4%) 6 (31.6%) 0.314
mTORi introduction 3 (3.1%) 0 1.000
Any post-ACR IS change 78 (80.4%) 17 (89.5%) 0.519
High CNI exposure 1 year after ACR 16 (16.5%) 6 (31.6%) 0.196

HCC: hepatocellular cancer; ACR: acute cellular rejection; CNI: calcineurin inhibitor; MMF: mycophenolate mofetil; mTORi: mammalian target of rapamycine inhibitor; IS:

immunosuppression.

Removing during the stepwise multivariate Cox regression analy-
sis several well-identified risk factors of HCC recurrence confirms
the validity of the here presented approach. Before constructing a
PSM which aimed to minimize selection biases, 200 patients had
already been removed from analysis because of short (<2 years)
post-LT follow-up or too early (<6 months) or too late (>5 years)
recurrence or occurrence [18-20]. The decision to remove all the
not recurred cases with a follow-up <2 years was connected with
the necessity to exclude cases without enough time to develop
a recurrence. On the opposite, we decided to preserve the sub-
jects recurring between 6 and 24 months because they met the
event of interest (i.e., recidivism). We can argue that this approach
should “artificially” alter the number of recurred cases in the study,
but we considered our approach methodologically robust. We felt
even a worse bias to introduce in the PSM patients experiencing a
premature death and, consequently, not enough time for develop-
ing a recurrence.

The final PSM model allowed comparing two patient groups
well balanced for the variables used for constructing the PSM.
Although one could argue that this methodology results in the loss
of many data, mainly regarding numerosity of events of interest
(e.g., tumor recurrence), PSM appears to be the best method to
obtain statistical reliability in this challenging field of clinical
research.

Despite this rigorous approach, it is important to point out that
a higher number of patients transplanted before 1996 belonged
to the ACR-STER group, a period during which prophylactic and
therapeutic IS regimen was more frequently CyA-based, a regimen
known to have a higher incidence of rejection when compared to
TAC-based IS [36,37]. This possible bias related to the CNI choice
has however been reduced by the similar median CyA and TAC ex-
posure during the first post-LT year [16,38]. Moreover, this param-
eter lost its significance in the multivariate analysis.

Conversely, the use of steroids plays an essential role in tumor
recurrence. Previous studies have reported that steroid withdrawal
during the post-LT period was protective against the risk of recur-
rence [39,40]. The Chinese Liver Transplant Registry study includ-
ing 368 patients treated without and 736 with steroids showed

that MC-IN HCC HBV-infected patients with steroid-including IS
displayed a significantly higher recurrence rate (P<0.05) [39]. The
Guangzhou center study including 502 LT patients also correlated
recurrence rate and delay of steroid withdrawal. One-year recur-
rence rates were 5.1%, 7.8%, 14.1% and 21.4% in patients never on
steroids or stopping steroids after 0.5, 3 and 6 months, respec-
tively (P=0.01). Three-year recurrence rates were also significantly
different (12.8%, 15.6%, 23.9% and 35.7%; P=0.04) [40]. Of note, a
recent meta-analysis including 1980 LT patients showed that rapid
steroid discontinuation in TAC-based IS did not result in increased
risk of rejection nor of morbidity [41]. The Japanese Sendai study
including 144 living donor LT showed that strongly immunosup-
pressed patients had worse results compared to those given less
immunosuppression (five-year disease-free survival rate: 20.0% vs.
76.2%; P=0.046) and that steroid use in the first 6 months was
a risk factor for recurrence in univariate analysis (P=0.026) [42].
A randomized prospective multicenter trial coming from the US
confirmed the safety of a steroid-free regimen in HCV-positive pa-
tients regarding rejection rates and overall survivals, further sug-
gesting that the benefits deriving from early steroid withdrawal
are more significant than the possible adverse effects coming from
withdrawal [43].

In the presented series, the use of steroid boluses for ACR
treatment led to an 18-fold-increase in overall risk for HCC
recurrence. Moreover, a temporal correlation was identified be-
tween ACR treatment and HCC recurrence, with all cases recurring
within one to two years after ACR treatment. Our findings strongly
contrast with the absence of information about this topic in the
transplant oncology literature although the impact of steroids, both
direct and indirect, on oncogenesis has been documented since
more than two decades. The direct action consists of anti-apoptotic
and proliferative promoting effects on cancer cells [44]. The indi-
rect action comprises in a decrease in cancer immunosurveillance
by inactivating T and B cells (leading to reduced exposure of
cancer antigens to the major histocompatibility complexes) and in
the inhibition of the neutrophil-mediated tumor cell cytostasis by
decreasing the binding of neutrophils to cancer cells [45]. Of note
also the finding that steroid receptor-free HCC patients have higher
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survival rates [46]. All these findings are in line with our data, and
they further clarified the link between oncogenesis and inflam-
mation (read rejection) in the context of transplantation [47,48].
Firstly, the ACR-related inflammation might favor recurrence,
and secondly, the following immunosuppressive treatment using
steroids can be seen as a “double hit phenomenon” further fertil-
izing the soil for tumorigenesis. It should be mentioned that the
sub-analysis focusing on ACR severity was not able to correlate
the severity of Banff score and tumor recurrence.

It is of course hard to determine, based on data obtained from
a retrospective study, if it is the use of steroid boluses per se or
the subsequent higher IS load that promotes tumor recurrence.
Vivarelli et al. [16,49,50] and afterward, Rodriguez-Peralvarez
et al. [38] reported in a retrospective study a higher incidence of
HCC recurrence in case of higher IS load. In our study, the total
dose of steroid boluses did not correlate with recurrence, whereas
post-ACR IS regimen changes such as delayed (>1 year) steroid
discontinuation and switch to a reinforced IS regimen did in ACR
treated cases. All these observations corroborate the idea that both
uses of steroid boluses to manage rejection and exposure to long-
standing increased IS after ACR treatment promote HCC recurrence.

Despite the design of a rigorous statistical model, this report
still has some limitations. Firstly, the study is a retrospective one,
resulting in the incompleteness of some data such as detailed
information about inflammation due to HCV allograft re-infection
before ACR. This argument is counteracted by the fact that HCV
allograft reinfection is universal in the absence of anti-viral treat-
ment (all patients were transplanted in the pre-direct acting
anti-viral agents era) and occurs later than ACR. Another aspect
impossible to be retrospectively evaluated is represented by an
HCV recurrence being confused with a histologically proved ACR,
with steroids given to manage recurrent HCV rather than ACR [51].
Secondly, the study is a tri-centric one, implying some, albeit
minor, differences related to IS- and pre-LT HCC handling. A study
spanning three decades is prone to the biases deriving from the
significant changes observed regarding IS management, with early
heavy-handed use of CNI followed over time by lower IS trough
levels and the added use of adjunctive agents. However, this tri-
centric collaboration was set up with the intent to merge similar
philosophies regarding tumor as well as IS handling. The third one
is the seemingly low number of recurrences in the investigated
population after the artificial censoring by PSM. This rigorous PSM
construct was, however, necessary to create two very homoge-
neous and comparable patient groups. Lastly, although several
variables were selected for trying to balance the two cohorts
thanks to the PSM, some differences were not completely solved.
As an example, adverse HCC-specific risk factors like multifocal-
ity, bilobarity, MC-OUT status or macrovascular invasion were
more commonly observed, although not statistically significant,
in the ACR-STER group. The present result was observed although
all of these covariates were adopted for constructing the PSM,
showing the limits of a retrospective analysis even after use of a
sophisticated statistical analysis like the PSM.

In conclusion, steroids play an essential role in the tumor
recurrence after LT. This role was reinforced when treating ACR
using steroid boluses raising the risk for recurrence to 18 fold.
Conversely, steroid withdrawal decreased HCC recurrent rate.
Prospective studies are needed to validate our results.
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