ONCOLOGY LETTERS 14: 7817-7824, 2017

Sirolimus treatment for cirrhosis or hepatocellular
carcinoma patients accompanied by psoriasis after
liver transplantation: A single center experience

LIN ZHOU'?*, GUO-SHENG DU?", LI-CHAO PAN'", YONG-GEN ZHENG'?, ZHI-JIA LIU?, HAI-DA SHI',
SHAO-ZHEN YANG?, XIAN-JIE SHI', MENG XUAN!, LI-KUI FENG? and ZHI-DONG ZHU?>

lDepartrnent of Hepatobiliary Surgery, Chinese PLA General Hospital, Beijing 100853; 2Department of Hepatobiliary Surgery,
Organ Transplant Institute, Chinese PLA 309th Hospital, Beijing 100091, PR. China

Received February 28, 2017; Accepted October 6, 2017

DOI: 10.3892/01.2017.7217

Abstract. There is currently no consensus on the most suit-
able therapeutic approach for psoriasis (PS) co-existing with
posthepatic cirrhosis (PCs) and hepatocellular carcinoma
(HCC) following liver transplantation (LT). The present
study provides an analysis of the therapeutic experience
of such patients. Five LT recipients (two with PC and three
with HCC) with accompanying PS were included. The
induction program consisted of methylprednisolone plus
basiliximab treatment. The initial postoperative treatment
scheme consisted of tacrolimus (FK506) plus mycophenolate
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mofetil (MMF) and hormone; the latter was withdrawn 1 week
after LT. The patients with PC had been using FK506 with
or without a postoperative MMF program; the patients with
HCC and recurrence of PS had been switched to a sirolimus
(SRL)-based replacement therapy. Furthermore, all patients
received anti-hepatitis B virus (HBV) therapy. The patients
were followed up after 8.3+1.5 years. There was a positive
correlation between HBV-DNA copy numbers, and psoriatic
area and severity index (PASI) scores (r=0.97; P=0.006). The
PASI scores were decreased significantly at 6 months following
surgery compared with pre-transplantation (P<0.05). The
patients who had received the FK506-based treatment experi-
enced PS recurrence two years post-transplantation. The PASI
scores increased significantly (P<0.05) and then declined
gradually, maintaining a stable level (P<0.05) by 1 year after
switching to the SRL-based treatment. The patients who had
received the SRL-based treatment exhibited no recurrence of
PS. The results of the present study suggest that SRL therapy
provides a promising novel treatment method for patients with
PS following LT that may be superior to tacrolimus treatment.
When co-existing HBV is present pre-transplantation, regular
injection of human hepatitis B immunoglobulin should be
used to prevent the HBV from relapsing or aggravating the PS.

Introduction

Psoriasis (PS) is one of the most frequent dermatological
diseases, shows polygenic inheritance, and occurs in
approximately 2% of the population (1,2). The etiology and
pathogenesis is not yet clear, and may be associated with
virulence genes, environmental factors and immunological
derangement. Recently, increasing evidence suggests that
changes of skin microbiota, especially Firmicutes, may
contribute to the pathogenesis of PS. However, it is not known
whether these alterations in the microbiome are a consequence
of PS itself. Nevertheless, consideration of the microbiome
provides a new outlook on PS; the microbiota may be associ-
ated with the inflammatory reaction and therefore should be
considered in the treatment of PS (3).

PS is believed to be an autoimmune disease (AID) with an
inherited genetic predisposition, and is potentially mediated
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by multiple immune cells, such as dendritic cells, T cells and
spongiocytes, as well as pro-inflammatory cytokines produced
by these cells (4,5). CD8" T cells, which represent the autoim-
mune core of the disease, drive the initial phase of PS and act
as a repository of specific disease memory (4,6). Several recent
studies have demonstrated that interleukin (IL)-17-producing
CD4* and CD8" T cells may act as critical factors in driving
the autoimmune reaction during both the initial phase of PS
and the subsequent proinflammatory loop (6). Furthermore,
it has been suggested that other cytokines such as 11.-23/9/22,
tumor necrosis factor o (TNF-a) and interferon o (IFN-a)
may also play important roles in the pathogenesis of PS (6-8).
Recently, more attention has been given to the IL-23/Th17 axis,
which is believed mainly to play an important role in control-
ling the proinflammatory loop in psoriatic plaques (7). TNF-a
and IFN-a have been recognized as exacerbation factors in
PS progression, and play important roles in the inflammatory
cascade that leads to different symptoms, ranging from skin
lesions to arthritis (8,9). The concept of T cell involvement in
the pathogenesis of PS is supported by the beneficial effect
of using cyclosporine (CsA) and tacrolimus (FK506), both
of which suppress T cell activation (10). Recently, it has been
demonstrated that adalimumab therapy is also beneficial in the
control of PS (11). It acts by suppressing T cells and decreasing
plasma IL-17 levels and IL-17-positive cells in psoriatic
lesional skin (11).

Infection is believed to be a key risk factor for inducing
or aggravating the disease (12). In addition, the younger the
patient, the more serious the illness is, and the more prone
the patient is to relapse (13). Provoking infections have been
reported to appear in more than 40% of PS patients (14). There
is increasing evidence indicating that both bacterial and viral
infection could play important roles in the pathophysiology of
PS (15,16). In addition, as PS has an inherited genetic predis-
position, immunological derangement, AID status and other
factors may also play a crucial role in its pathogenesis. The
co-existence of PS with AID, primary biliary cirrhosis (PBC),
primary sclerosing cholangitis, and autoimmune hepatitis have
been reported frequently (17-19). A total of 13% of patients
with PBC have co-existing PS, which is more than 6 times
greater than the incidence in the general population (18).

PS is a type of immune inflammatory disease that involves
multiple factors, which contributes to the lack of effective
drugs and therapeutic approaches (20). Although there are
literature reports that long-term application of an immuno-
suppressant after liver transplantation (LT) is helpful in the
treatment of PS and can restrain disease progress and relapse
to a certain extent, there are still patients that undergo PS
recurrence, progression, and delayed healing after LT, which
seriously affect the liver graft's and patient's survival. The
evidence associated with the treatment for co-existing PS
after LT is scarce and mostly consists of case reports (21,22).
Furthermore, if the primary disease is preoperatively
differentiated, there is no clear guidance on the selection of
postoperative immunosuppression treatment. Therefore, the
aim of this study was to analyze the therapeutic experience of
LT patients with different pathologies [posthepatic cirrhosis
(PCs) or hepatocellular carcinoma (HCC)] co-occurring with
PS, thereby increasing the evidential support for different
treatment options.
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Materials and methods

Basic data. Five LT patients with accompanying PS were
selected for this study from a total of 617 LT patients. All
5 patients were preoperatively positive for hepatitis B virus
(HBV). Their average age was 51+3 years (male:female, 3:2).
In terms of primary disease, two were diagnosed with PCs
and the other three had hepatitis B cirrhosis complicated
with HCC, with no accompanying autoimmune liver disease
(ALD). All 5 patients were diagnosed with PS before LT, and
no de novo PS after LT was reported. This study approved by
the Ethics Committee of Human Experimentation of the PLA
309th Hospital (Beijing, China). Written informed consent was
obtained in accordance with the Declaration of Helsinki of the
World Medical Association.

Patients' history and physical findings. All 5 patients had a
6-10 years PS history (mean, 8.10+1.52 years) and along chronic
hepatitis history beyond 10 years (median, 24.80+2.86 years).
All were preoperatively confirmed to be HBV-positive
(Table I). Anti-HBV therapy included lamivudine or entecavir
when the patients exhibited PCs.

The PS lesions were multiple, bright-colored, red alter-
nating with white, diffuse and flushing. They gradually
emerged from the head and face to the neck and trunk with no
obvious inducement. Other lesion features were furfuraceous
scales, and obsolete scales attached to the surface of lesions,
with different degrees of desquamation, not involving the
mucosa and submucosa. The PS lesions in all patients were
mainly distributed on the trunk, and without regular treatment,
there were no cured, old, or new lesion alternations caused by
the long, protracted course of the disease.

The mean psoriatic area and severity index (PASI) score
was 41.4+6.9 (PASI scores are the most commonly used
clinical measure of PS, with values ranging from 0 to 72)
(Table I). Patients with PCs presented liver function and blood
coagulation dysfunction along with ascites and malnutrition or
hypoproteinemia. Moreover, patients with PCs and HCC also
showed high levels of a fetoprotein and hepatic mass signals
in abdominal computed tomography (CT) and magnetic reso-
nance imaging (MRI) images.

As the confirmation of a PS diagnosis is usually based on
clinical features, including skin rashes, predilection sites and
seasonal onset, most diagnosis is not difficult. The cultivation
of the dander which performed by the methods of real-time
quantitative PCR and immunohistochemistry usually used to
detect the expression of HBV-DNA or other viruses (16,23-25)
and the expression trends of 1L-17/23 (7,11) or TNF-a and
INF-y (6-8). So, when these patients were treated in our center,
they all had a lengthy PS history and had been treated in
hospital, our diagnosis was based on the earlier diagnosis and
treatment of patients by a specialist. Meanwhile, combined with
the patient's history including the PASI score, we confirmed
the diagnosis and excluded other nonspecific infections with
the laboratory (hematological examination, cultivation of the
dander (11,23,24,26,27) and imaging (CT and MRI scanning)
diagnosis methodology.

Operation and therapeutic approaches. The 5 selected
patients were well-prepared for LT. Methylprednisolone
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Table II. The liver function changes of the recipients of liver transplantation with psoriasis at different time points.

1 month 3 months 6 months 12 months 24 months 30 months 36 months

Pre-LT

ZHOU et al:

21.32+4 .46
13.34+2.17

31.35£7.59
23.47+4.01

14.74+9.69 14.62+5.35 12.41+£3.11 29.36+7.56
13.91+£3.96
4.20+2.18

88.18+13.99
35.63+9.92

15.97+6.79

13.84+6.48

135.63+9.78

ALT (0-40 U/)

21.66+3.89

15.76+£2 .97
3.98+0.98
107.12+8.96

16.58+2.67

96.45+8 .41

TBIL (0-21 gmol/l)

6.31+1.19
79.2549.76
32.54+8.83

12.11+1.62

129.78+11.14

9.78+1.43
121.23+10.56

4.06+1.49
89.82+9.83

3.18+1.89
87.57£12.66
42.79+13.79

65.16+9.13

DBIL (0-6.8 ymol/l)
ALP (40-150 U/)

184.21£9.47
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58.26+10.23

46.32+8.55 55.7749.43

50.40+9.02

153.64+9.33

v-GGT (8-58 U/l)

ALT, alanine aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; ALP, alkaline phosphatase; y-GGT, y-gltamyltranspeptidase.
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Figure 1. Liver function changes in the recipients of liver transplantation with
psoriasis, at different time points. LT, liver transplantation; ALT, alanine
aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; ALP, alka-
line phosphatase; y-GGT, y-gltamyltranspeptidase.
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Figure 2. Changes of the PASI score for five recipients after liver transplan-
tation. a, the mean PASI score of five patients showing no relapse within
2 years after transplantation. The mean PASI scores of recurrent patients and
non-recurrent patients after 2 years are shown by the lines labelled b and c,
respectively. PASI, psoriatic area and severity index.

Adjustment of immunosuppressive regimens

Non-recurrent cases. The three patients without PS recurrence
were all diagnosed with HCC and treated with SRL plus or
minus MMF therapy. The initial treatment regimen was
FK506+MMF+steroid for 1 month (the steroid was stopped
within a week), subsequently switched to SRL with the FK506
decreased gradually and withdrawn at 6 months postopera-
tion. The concentration of SRL did not go beyond 10 ng/ml,
in accordance with liver and renal functions, as well as the
presence or absence of rejection and drug toxicity reactions.
PS was controlled, and the scope of skin lesions reduced
gradually within 6 months after surgery. The patients were
fully stable and cured within 12 months, with no rejection or
disease relapse (PS or HCC) (Fig. 4).

Recurrent cases. The recurrent cases were the two patients with
hepatitis B and PCs. The initial treatment, employed for the
first 6 months, was FK506 plus MMF, with the blood concen-
tration of FK506 kept at 8-12 ng/ml and the dosage maintained
at 2.0-3.5 mg per treatment, twice a day, which was in line with
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Figure 3. A scatter diagram of HBV DNA copy numbers vs. PASI scores. A
positive correlation was found (r=0.97, P=0.006). PASI, psoriatic area and
severity index; HBV, hepatitis B virus.

the primary disease and the patients' weight. The graft survival
and liver and renal functions remained stable at normal
levels, while no obvious adverse drug reactions or rejections
occurred. Furthermore, the PS was gradually controlled, and
kept in remission and at stationary stages. During this period,
the PS lesion areas became smaller, the color became weak,
the inflammation reduced, and the scales gradually decreased.
After the first 6 months, the immunosuppressive treatment was
gradually switched to FK506 alone, with blood concentrations
at 5.0-8.0 ng/ml within 12 months, and remaining at around
5.0 ng/ml after 12 months. This was gradually reduced, and
stayed at 3.5-5.0 ng/ml after 18 months, with regular detection
of liver and kidney function. PS was well-controlled, with no
progression.

These two patients underwent disease relapse with no
obvious inducement at 22 and 24 months after LT. This
may have been a result of the low FK506 concentration, so
the dosage of FK506 was adjusted and maintained at almost
10 ng/ml. However, the PS was not controlled well and became
exacerbated. Another unexpected aspect was obvious neph-
rotoxicity and adverse drug reactions, but with no rejection.
Therefore, based on our experience with HCC co-existing
with PS, therapy was switched to SRL plus or minus MMF.
Interestingly, the patients achieved remission and PS symptoms
were gradually controlled after being treated for 3 months. The
drug changes and monitoring index of one patient are shown
in Fig 5.

Discussion

PS is arefractory dermatological disease with polygenic inheri-
tance. It may be associated with virulence genes, environmental
factors, infections, and immunologic derangement (1,3-5).
The main pathological characteristics are excessive kerati-
nocyte proliferation and parakeratosis, with recurring and
repeated proliferation, desquamation and inflammation in the
epidermis (5,8,13). To the best of our knowledge, current treat-
ments for PS are still limited in effect, which makes it difficult
to control disease progression. Guidelines of care for the
management of PS and psoriatic arthritis from the American
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Figure 4. Changes in blood concentration, liver and kidney function of one
liver transplantation patient with hepatocellular carcinoma (liver function
index: ALT, U/l; kidney function index: Cre, pmol/l). The FK506 and SRL
concentrations (ng/ml) are displayed on the left, and the ALT and Cre concen-
trations on the right. ALT, alanine aminotransferase; FK506, tacrolimus;
SRL, sirolimus; Co, concentration.
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Figure 5. Changes in blood concentration, liver and kidney function of one
liver transplantation patient with recurrent psoriasis (liver function index:
ALT, U/lI; kidney function index: Cre, ymol/l). The FK506 and SRL concen-
trations (ng/ml) are displayed on the left, and the ALT and Cre concentrations
on the right. ALT, alanine aminotransferase; FK506, tacrolimus; SRL, siro-
limus; Co, concentration.

Academy of Dermatology (AAD) (2) suggest that the main
treatment methods include topical medications, immunosup-
pression therapy (CsA and FK506), physical therapy and
others, for example biotherapy. Traditional Chinese medicine is
also used in China. The AAD Guidelines (2) also indicate that
the purpose of therapy is to control the advance of PS, delay
progression to whole body involvement, alleviate symptoms
such as erythema, desquamation and local patch thickening,
stabilize illness, avoid recurrence, avoid adverse effects, and
improve patients' quality of life. Therefore, exploring effective
treatments for PS has become the subject of intensive research
and remains a difficult problem in immunology.

LT may cause patients to acquire a distinct and unique
immune status, with a need for lengthy or lifelong immunosup-
pressive treatment, and also a requirement for the combination
of at least two immunosuppressive agents (28). However, PS
in the general population is rarely treated with more than one
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immunosuppressive agent, so LT patients with co-existing PS
may undergo many more infections after the transplant opera-
tion. Another issue is that, if FK506 or CsA are used after LT,
especially with long-term survival, the large dosages required
for PS treatment often go beyond the maximum needed for the
prevention of rejection, and may lead to drug toxicity reactions
(infection and de novo cancer) and poor treatment effects. It
has been reported that the immunosuppressive therapy for PS
vulgaris mainly focuses on FK506 (29-32), but the evidence
for co-existing PS after LT is relatively scarce (33-35). The
limited literature describing FK506 treatment supplies
some evidence, and shows that the long-term application of
FK506 may lead to disease progression and repetition (33,35).
Therefore, combinational or single application immunosup-
pressive agents for these patients should be considered, taking
into account their therapeutic effects, including PS control and
rejection prevention, and their side effects.

Case reports from Hoover (22) and Collazo et al (21) indicate
that etanercept can control post-transplantation PS progress
effectively in patients with or without co-existing hepatitis C
virus (HCV). The study by Foroncewicz et al (12) addressed
the problem of PS recurrence when AID is associated with
PS after LT, with a mean follow-up time of 7.80+1.48 years.
It indicated that, although long-term immunosuppressive
therapy was applied after LT, there was still a possibility of
PS recurrence. Foroncewicz et al (12) also suggested that the
therapeutic effects of CsA are better than those of FK506
for patients with recurrence. Although, ten cases of recurrent
PS were included to compare the therapeutic efficiency of
CsA and tacrolimus after LT, but only two patients exhibited
HBV/HCV infection. So, the safety and efficacy of CsA still
need to be further proved.

Research on the treatment of PCs or HCC co-existing
with PS after LT is rarely reported. Therefore, the emphasis
of our study lay on supplying different drug selections for
different patients and reducing the toxic and side-effects of
combinational drug applications. Two of five PS patients were
preoperatively diagnosed with PCs and chronic hepatitis B.
These patients were treated with FK506 plus a small dosage of
MMEF, for an extended period of time. When the FK506 dosage
was reduced to prolong survival time, there was a recurrence
of PS. In contrast, when the FK506 dosage was increased, PS
was controlled but the nephrotoxicity of FK506 increased
severely day by day. Instead of increasing FK506, switching to
SRL for the relapsing patients controlled PS effectively. Three
of five PS patients were preoperatively diagnosed with PCs and
HCC. We used an SRL-based immunosuppressive treatment
protocol for the purposes of prevention, treatment of postop-
erative tumor recurrence, and avoiding adverse drug reactions
from lengthy application of FK506. The initial FK506+MMF
treatment was switched to SRL 1 month after LT, and the
MMF was reduced or withdrawn in accordance with patient
and graft survival. The three patients underwent remission
within 6 months, with a mean period 2.83+0.76 months.
During follow-up within 8.3+1.5 years, no PS recurrence or
progress occurred; in addition, no rejection and nephrotoxicity
events emerged. Moreover, the SRL dosage was gradually
stabilized by 2 years after LT. Overall, our analysis of the
treatment of PCs and HCC co-existing with PS suggested that
switching to SRL therapy not only prevented tumor relapse,
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but also effectively controlled PS pathogenesis. Moreover, it
has been shown that dysregulation of the mechanistic target
of rapamycin (mTOR) pathway plays a role in PS pathogen-
esis. mTOR is significantly increased in lesional skin and
non-lesional skin, both at the gene and protein level (26,27),
and these alterations can be modulated by anti-TNF-a treat-
ment (27). Therefore, we suggest that the SRL therapy could
be used for ordinary PS patients as well as LT patients with PS,
although its safety and efficacy for ordinary PS patients still
remains to be proven.

Unlike FK506, the therapeutic concentration of SRL did
not rely on drug dosage, but mainly on liver and renal func-
tion, as well as rejection status. Therefore, we suggest that
SRL levels are maintained at or below 10 ng/ml to avoid
interstitial pneumonia, thrombocytopenia and other severe
adverse reactions. For the two patients with co-existing PCs
and PS, because there was no evidence of HCC, we used the
recommended immunosuppressive treatment of FK506 plus or
minus MMF. As the immune tolerance of recipients to grafts
following FK506 treatment displays an obvious time-depen-
dence, the dosage was gradually decreased as time progressed.
This may be the main reason that these two patients underwent
postoperative PS relapse.

We discovered that, despite the fact that an FK506 concen-
tration lower than 5 ng/ml at 1 year postoperation can benefit
patients' survival, this concentration cannot effectively meet
the need for PS control and inhibition to effect a cure and
maintain a stable state. Moreover, the long-term lowering of
drug concentration can lead to PS progression and recurrence.
Previous case reports have indicated that postoperative blood
concentrations of FK506 maintained at more than 10 ng/ml
for extended times contributed to PS therapy; however, the
patients were prone to adverse reactions which they could
not tolerate, leading to withdrawal or reduction, which may
lead to further PS progression. Therefore, considering our
experience with previous cases of HCC with or without PS
after LT, we tried SRL therapy for patients who had accepted
FK506 therapy after LT, but without obvious effect, even after
adjusting the dosage when undergoing PS relapse. The results
proved to be satisfactory, the PS of these two patients were
controlled at the resting stage 3 months later, and eventually
reached cure levels. All of the above evidence suggests that
immunosuppressive treatment based on SRL had a good cura-
tive effect on patients with co-exiting PS after LT, whether or
not there is preoperative HCC, and that SRL may be used to
replace FK506 for invalid patients or those repeated recurrence
with no more therapy effect of FK506. For the small samples,
when application with SRL therapy, it needs to be under strict
surveillance of the drug concentration and adverse events.

That viral infections play important roles in PS pathophysi-
ology in the general population is well recognized (12,15,16).
It has been reported that human immunodeficiency virus,
HCYV, and herpes simplex virus 1 infections may trigger or
even induce PS onset (15,16), and it has also been observed
that a direct relationship exists between PS activity and
cytomegalovirus activation. Nevertheless, there is little
research on HBV involvement in PS pathogenesis. Previous
literature indicates that HBV infection may induce or aggra-
vate PS progress (23-25) and HBV can be detected in PS
skin lesions (24,25). The patients included in this study were
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all diagnosed preoperatively as HBV-positive with lengthy
chronic hepatitis B histories. Furthermore, their preoperative
HBYV copy numbers were positively correlated with PS severity.
Therefore, HBIG was regularly injected postoperatively for
all cases, to prevent hepatitis B recurrence. Although there is
no evidence-based proof demonstrating a causal relationship
between HBV and PS, the majority of PS patients are HBV
positive. Therefore, anti-hepatitis B therapy may contribute to
PS treatment; however, much remains to be done to explore the
functional mechanism HBV in the occurrence of PS.

As a refractory dermatosis, PS co-exists with AIDs,
especially ALD and scleroderma, so large dosages of immuno-
suppressant are often required to maintain effective treatment.
Some experts contend that CsA is superior to FK506. However,
we suggest here that PS therapy should follow a personalized
medicine principle because of the few researches with rather
small samples. There may be a better choice to combine CsA
for selected patients with AID. Selection of an immunosup-
pressant should be in accordance with the severity of PS and
the types of comorbidities. Application of an SRL-based
immunosuppressant treatment may be a promising and benefi-
cial approach for PS patients, regardless of LT status.

In summary, this study shows that SRL therapy can provide
a superior therapeutic effect compared with FK506 treatment,
for selected patients with co-existing PS after LT. This study
also demonstrated that SRL therapy, even though given at
lower doses and concentrations, could maintain PS in a cured
or stable state in LT patients. Therefore, we conclude that SRL
therapy may provide a promising new therapeutic approach
for PS that may be superior to tacrolimus treatment. When
co-existing HBV is found preoperatively, regularly injection of
HBIG should be used to prevent HBV from relapsing or aggra-
vating PS. There remains a need for further clinical studies
with large samples to confirm the safety and efficacy of SRL
therapy for co-existing PS after LT. Moreover, any application
of SRL therapy for ordinary PS patients should be under strict
surveillance, as further study is also needed to test and verify
its benefit for these patients.
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