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Introduction

The adoption of the Milan criteria a decade ago has sig-

nificantly improved the outcome of liver transplantation

(LT) in patients with hepatocellular carcinoma (HCC)

[1]. The application of new techniques for pretransplant

tumor ‘downsizing’ and ‘downstaging’, as well as the

introduction of living donor LT with hence reduced time

on the waiting list, has recently stimulated a controversy

about the expansion of tumor burden limits [2–5]. The

acceptance of extended HCC criteria in the transplant

setup will very much depend on the prognosis of recipi-

ents suffering from recurrent HCC, as tumor recurrence

is the major factor of mortality in this special patient

population [6]. However, the therapeutic possibilities for

immunocompromized LT patients with HCC recurrence

are still very limited [7,8]. Against this background, the

introduction of an immunosuppressant with antineoplas-

tic activity might be inherently attractive.

Sirolimus (SLR) is a macrocyclic triene antibiotic that

was found to have potent immunosuppressive and anti-

proliferative capabilities, which may offer a new approach

in the treatment of recurrent HCC post-LT [9].

We describe here our first experiences with an adjuvant

conversion to an SRL-based immunosuppression in a

cohort of liver recipients with HCC recurrence.

Patients and methods

Fifty-two patients underwent LT for HCC in liver cirrho-

sis at our transplant center thus far. Initial post-transplant

immunosuppressive therapy consisted of a calcineurin-

inhibitor (CNI)-based quadruple induction regimen.

Our inclusion criteria for indicating LT in patients with

unresectable HCC in cirrhosis were based on the Milan

classification, consisting of a 5-cm maximum tumor size

for one single HCC nodule, or a maximum of three

tumors each up to 3 cm [1]. Tumor surveillance post-

transplant was very close and concise, consisting of

abdomen ultrasound and alfa-fetoprotein (AFP) level

measurement every 3 months during the whole follow-up.

In addition, computed tomography scans (or magnetic

resonance imaging) of the chest and abdomen were per-

formed every 6 months for the first post-transplant year,

and minimum once yearly thereafter.

In all patients with tumor recurrence, the individual

possibilities for curative surgical intervention were ana-

lyzed. All other patients underwent palliative treatment by

radiotherapy (bone metastases) or transarterial chemo-

therapy (TACE) (multiple hepatic metastases), as being

eligible.

The CNI/SRL conversion protocol was approved by

the University of Jena Ethics Committee. Since 2003,

patients with a history of or presence of recurrent

HCC received an SLR loading dose of 3 mg/day (Rapa-

muneTM; Wyeth, Germany) once orally administered in

the morning. To avoid wound healing problems, con-

version was initiated not before 6-week postintervention

in those patients assigned to surgical treatment. SIR

doses were adjusted for an intended blood trough level

of 5–8 ng/ml. After achieving SLR target levels, the CNI

was stepwise discontinued over a period of 4 weeks.

Patients being suspicious of allograft rejection under-

went liver biopsy. Anti-rejection therapy consisted of

prednisone pulse treatment, or augmentation of immu-

nosuppression with a CNI, if necessary.

The outcome after diagnosis of HCC recurrence in

relation to applied interventions was analyzed.

Results

Twelve patients (23%) developed HCC recurrence. Mean

time from transplant to diagnosis of tumor recurrence

was 23.5 months (range: 4–52 months, median:

22.5 months). Sites of recurrent HCC included the liver

(n = 4), lung (n = 4), bone (n = 3), cerebrum (n = 2),

and adrenal body (n = 1), or a combination of several

(Table 1). Surgical extirpation of each single recurrent

tumor nodule was possible in six liver recipients, in one

of them including resection of the transplanted liver and

the lung (patient 1), in another recipient including resec-

tion and re-resection of lung metastases (patient 6).
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Patients not being eligible for surgical treatment because

of multifocal hepatic or lung tumor recurrence (patient 5,

10, 11, and 12) or bone metastases (patient 3, 8, and 9)

received TACE or radiotherapy, as feasible (Table 1).

In addition, eight liver recipients were meanwhile put

on SRL monotherapy (n = 7) or in combination with

mycophemolate mofetil (MMF) (n = 1) since 2003. SIR

treatment was started between 1 and 57 months (median:

6.5 months) after diagnosis of tumor recurrence. Follow-

up after conversion currently ranges between 1 and

48 months (median: 44.5 months). Two patients devel-

oped anemia (<10 mg/dl), successfully treated with eryth-

ropoietin. Another recipient suffered from oral aphtous

ulcer, which improved after dose reduction. There was no

case of allograft rejection or dysfunction after change of

immunosuppression.

Selective SRL action on recurrent tumor without inter-

ference of preceding surgical therapy may be suggested in

five patients (recipients 6, 9–12). In one of them (patient

6), re-recurrent lung metastases after lung re-resection

completely disappeared after switch to SRL [10]. Patient 9

is currently free from bone metastases 41 months after

radiotherapy and conversion of immunosuppression.

While patient 11 died of intrahepatic tumor progression,

we did not yet recognize the disease progress in patients

10 and 12 after conversion with regard to number and size

of multifocal tumor nodules in the allograft and the lungs.

Actuarial 5-year survival from LT in those 12 patients

with tumor recurrence accounted for remarkable 51%

(compared to 88.5% in patients without HCC recur-

rence). Median survival from diagnosis of tumor recur-

rence is currently 13.5 months (range: 1–105 months).

Only surgical treatment (Fig. 1) and conversion to SRL

(Fig. 2) may be suggested to have a beneficial impact on

prognosis after recurrent HCC.

Table 1. Clinical patterns of HCC

recurrence. No. of

patients

Grading

(G1–G3)

MVI

(yes/no)

Time of recurrence

(months post-LT) Site Intervention

SRL

(yes/no)

Status

(alive/dead)

1 3 Y 52 Lung/liver Resection Y Alive

2 1 N 18 Cerebrum Resection N Dead

3 2 Y 39 Bone (pelvis) Radiotherapy N Dead

4 2 Y 12 Liver Resection Y Alive

5 3 Y 27 Liver TACE N Dead

6 2 N 36 Lung Re-resection Y Alive

7 2 N 36 Adrenal Resection Y Alive

8 3 Y 11 Lung/bone Resection N Dead

9 3 Y 30 Bone (pelvis) Radiotherapy Y Alive

10 2 Y 12 Lung Supportive Y Alive

11 3 Y 4 Liver Supportive Y Dead

12 3 Y 7 Liver Supportive Y Dead

MVI, microvascular invasion; HCC, hepatocellular carcinoma; SRL, sirolimus; TACE, transarterial che-

motherapy.

Figure 1 Surgical therapy tended to improve outcome after hepato-

cellular carcinoma recurrence.

Figure 2 There was a clear trend of beneficial sirolimus activity on

recurrent hepatocellular carcinoma.
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Discussion

To the best of our knowledge, we describe here the most

beneficial outcome of liver recipients with recurrent HCC

reported thus far in the literature [1,6–8]. There are two

possible explanations for these encouraging results. Firstly,

a very concise tumor surveillance program post-LT might

have contributed to early detection and surgical therapy

of recurrent HCC. Finally, 50% of our study population

proved to be feasible for surgical intervention, which is

by far higher compared with other groups [7,8]. In these

trials, the important role of surgery for improving out-

come after HCC recurrence post-LT has been amply dem-

onstrated [6–8], which seems to be confirmed by our

own data (Fig. 1). Interestingly, only 50% of those

patients being appropriate for surgical treatment (n = 3)

of recurrent tumor revealed microvascular tumor invasion

at liver explant histology, compared to 100% (n = 6) of

recipients presenting with multifocal parenchymatic or

bone lesions (P = 0.01; Table 1). If confirmed in a larger

patient population, this important observation suggests

that microvascular tumor invasion at transplant could be

a useful parameter indicating necessity of an even intensi-

fied tumor surveillance program post-LT. Thus, a possibly

higher number of patients might finally be eligible for

surgical therapy of HCC recurrence.

Secondly, seven of eight liver recipients who were

switched to SRL in our study cohort are still alive. In five

of them, surgical treatment was not feasible because of

multifocal tumor disease, hence providing the opportu-

nity to study suggested pure SRL activities on recurrent

tumor. It is remarkable to us that in four of these liver

recipients, tumor disease seems to be currently controlled

without surgical therapy after conversion to SRL for up

to 41 months (Table 1). However, further clinical follow-

up has to be studied.

There is a well-known association between immuno-

suppressive therapy and increased risk of tumor recur-

rence or development of de novo cancer in the

transplantation setup. In several trials, the tumor-induc-

ing potentials of the calcineurin inhibitors cyclosprine A

and tacrolimus have been demonstrated [11]. In the clini-

cal situation of recurrent HCC under immunosuppres-

sion, the adjuvant substitution of the CNI with an

immunosuppressant providing antineoplastic capabilities

might therefore be of special interest. Rapamycin (SRL) is

an effective mTOR inhibitor, thus preventing acute graft

rejection mediated by interleukin-2. Furthermore, it

blocks other cytokine signal transduction, which explains

its antineoplastic efficacy [12]. SIR has been clearly dem-

onstrated to possess experimental anticancer properties in

both in vitro and in vivo studies. [13,14]. To date, there

are very few data about its antiproliferative potency in the

clinical transplant setting [15]. The present observations,

however, although being of noncontrolled character and

including a small number of patients, suggest some

potential benefit of SRL on recurrent HCC after LT, espe-

cially when combined with surgical treatment of recurrent

tumor. If these results are confirmed in randomized stud-

ies, the adjuvant conversion to SRL after HCC recurrence

might contribute toward justifying careful extension of

tumor criteria for indicating LT.
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