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Abstract
Before the introduction of combined highly active anti-
retroviral therapy, a positive human immunodeficiency 
virus (HIV) serological status represented an abso-
lute contraindication for solid organ transplant (SOT). 
The advent of highly effective combined antiretroviral 
therapy in 1996 largely contributed to the increased 
demand for SOT in HIV-positive individuals due to in-
creased patients’ life expectancy associated with the 
increasing prevalence of end-stage liver disease (ESLD). 
Nowadays, liver failure represents a frequent cause 
of mortality in the HIV-infected population mainly due 
to coinfection with hepatitis viruses sharing the same 
way of transmission. Thus, liver transplantation (LT) 
represents a reasonable approach in HIV patients with 

stable infection and ESLD. Available data presently 
supports with good evidence the practice of LT in the 
HIV-positive population. Thus, the issue is no longer 
“whether it is correct to transplant HIV-infected pa-
tients”, but “who are the patients who can be safely 
transplanted” and “when is the best time to perform 
LT”. Indeed, the benefits of LT in HIV-infected patients, 
especially in terms of mid- and long-term patient and 
graft survivals, are strictly related to the patients’ se-
lection and to the correct timing for transplantation, 
especially when hepatitis C virus coinfection is present. 
Aim of this article is to review the pros and cons of LT 
in the cohort of HIV infected recipients.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: This article reviews the most recent litera-
ture in the field of liver transplantation in human im-
munodeficiency virus (HIV) positive recipients with 
special focus on hepatitis C virus/HIV coinfection and 
hepatocellular carcinoma in HIV recipients. This field of 
research is one of the most intriguing up to now since 
end-stage liver disease has become the first cause of 
death in HIV patients and the request for liver trans-
plantation in this subgroup of HIV positive patients is 
going to increase over time.
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CHANGE IN THE EPIDEMIOLOGY OF 
HIV-INFECTION IN THE COMBINED 
ANTIRETROVIRAL THERAPY ERA
Before the introduction of  combined antiretroviral ther-
apy (C-ART), a positive human immunodeficiency virus 
(HIV) serological status represented an absolute contrain-
dication for solid organ transplant (SOT)[1-3]. The advent 
of  highly effective C-ART in 1996 largely contributed to 
the increased demand for SOT in HIV-positive individu-
als due to increased patients’ life expectancy[4-7] associated 
with the increasing prevalence of  end-stage liver (ESLD) 
and renal diseases (ESRD)[8-10]. Before C-ART, factors 
endangering a positive outcome for SOT in HIV-positive 
recipients included the high immunosuppression (i.e., 
combination of  low absolute CD4 T cell count and post-
transplant immunosuppressants), reduced life expectancy, 
and the occurrence of  life-threatening opportunistic in-
fections (OI). Studies from the past decade have shown 
that HIV-infected patients with T lymphocyte reconstitu-
tion on stable C-ART have mortality rates similar to the 
general population and rare occurrence of  neoplasms 
and OI[3,6]. Nevertheless, HIV infection in the form of  a 
chronic illness with increased life expectancy in associa-
tion with a prolonged use of  potentially toxic drugs can 
lead, with time, to organ deterioration. Nowadays, hepatic 
and renal failures represent frequent causes of  morbidity 
in the HIV-infected population. Thus, SOT represents a 
reasonable approach in HIV patients with stable infec-
tion and end-stage organ disease. Among SOT, kidney 
transplantation proved to be a valid therapeutic approach 
in HIV-infected patients, displaying higher survival rates 
compared to patients remaining on dialysis[11,12]. A recent 
prospective study encompassing 150 kidney-transplant 
(KT) recipients in an HIV cohort reported survival rates 
of  94.6% and 88.2% at one and 3 years post-transplan-
tation, respectively[12]. Although simultaneous pancreas-
kidney transplant (SPK) represents the only proven long-
term therapeutic approach for diabetic patients having 
progressed to ESRD, the incidence of  surgical complica-
tions remains high and represents a major limiting factor 
to endorsement in HIV-positive recipients, and only few 
cases have been reported in literature[13]. Nowadays, liver 
transplant (LT) still poses a few challenges for HIV re-
cipients, showing high mortality rates among HIV/hepa-
titis C virus (HCV) coinfected patients[14]. Limited data is 
available for lung and heart transplants in HIV-positive 
recipients; in these instances, a careful patient selection 
and follow-up are mandatory.

Inclusion Criteria for liver 
transplantation in HIV-positive 
patients
Immunovirological parameters and choice of  post-LT 
C-ART are important elements to screen and monitor 
in HIV-positive patients candidate to receive LT. Ragni 

et al[15] identified, besides HCV-HIV coinfection, specific 
HIV-related factors (i.e., post-LT C-ART tolerance and 
CD4 T-cell absolute number) as predictors of  mortality 
in LT at univariate analysis. Overall, inclusion criteria re-
garding liver status are identical in HIV-positive and HIV-
negative patients. No heroin or cocaine abuse has to be 
documented in the past two years and absence of  alcohol 
abuse for at least six months is necessary for inclusion in 
the transplant waiting list. OI that are still active or not 
controlled by therapy (i.e., progressive multifocal leuko-
encephalopathy, chronic intestinal cryptosporidiosis), 
neoplasms for which an adequate disease-free period has 
not been documented, chronic wasting syndrome, and 
severe malnutrition represent contraindications for SOT. 
A stable (for more than six months) absolute number of  
CD4 T cell above 200 cells/mmc and an undetectable 
viral load are required if  the patient is on C-ART and 
has had a previous history of  OI (i.e., adequately treated 
tuberculosis, candidiasis, pneumocystosis). Exceptions 
are represented by patients who present lower absolute 
CD4 T cell count (i.e., between 100 and 200 cells/mmc, 
potentially related to hypersplenism) but have no history 
of  OI, or patients who cannot receive antiretrovirals due 
to severe liver impairment. In the latter case, previous 
documentation of  therapeutic efficacy and/or genotypic 
or phenotypic tests documenting the availability of  an 
effective C-ART that can achieve undetectable viral load 
is required. In all cases, proof  of  strict compliance to the 
prescribed therapy and to the post-LT follow up have to 
be documented. Selection criteria for LT in HIV-positive 
recipients are summarized in Table 1. Most Centers refer 
to the criteria set by the American Society of  Transplan-
tation (AST), although slightly differences in the inclusion 
criteria have been reported between the United States and 
across Europe[16]. For example, a one-year OI free is re-
quired in Italy in case of  previous OI, while in the United 
Kingdom the absence of  OI after the introduction of  an 
effective C-ART has to be documented[17,18].

Timing of liver transplantation and graft availability
Once established that a number of  HIV-infected patients 
can afford LT with a reasonably high expected benefit 
on survival, the next challenge is to determine the best 
timing of  the procedure. In preliminary studies, Ragni et 
al[15] demonstrated significantly shorter pre-transplanta-
tion survival, mainly due to infections, in HIV-infected 
patients listed for liver transplantation when compared 
with HIV-negative patients, despite equivalent MELD 
scores at the time of  listing. In another study, Stock et 
al[19] reported that MELD score did not accurately predict 
survival of  HIV/HCV coinfected patients on waiting list 
for LT. Moreover, survival rates of  HIV-infected patients 
with decompensated cirrhosis are significantly shorter 
than in HIV-negative patients. Pineda et al[20] demonstrat-
ed in a multicentre Spanish case-control study that the 
outcome of  cirrhosis after the first decompensation in 
HIV/HCV coinfected patients is much worse than that 
observed in the monoinfected HCV-positive population. 
Specifically, survival rates at 1, 2, and 5 years for HIV/
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Table 1  Inclusion criteria for liver transplantation in human 
immunodeficiency virus - positive patients

HCV co-infected and HCV monoinfected populations 
were 54% vs 74%, 40% vs 61%, and 25% vs 44%, respec-
tively. More recently, Duclos-Vallée et al[21] have shown 
that a high MELD score (p = 0.03; RR = 1.08; 95%CI) at 
the time of  transplantation may predict a poor outcome 
in HIV-infected LT recipients. Taken together, this data 
suggests that HIV-infected patients reaching the minimal 
MELD score requested for inclusion on the waiting list 
(≥ 15) should be listed and transplanted as soon as pos-
sible. Murillas et al[22] showed how the mortality rate for a 
given MELD score in HIV-infected patients was similar 
to the mortality rate in non-HIV infected patients with 
a MELD score that was roughly 10 points higher. Also, 
the MELD score correlated with death on the waiting list 
for the HIV-infected patients and the absolute value of  
the MELD score was associated with significantly poorer 
survival rates in comparison with HIV-negative monoin-
fected patients. In conclusion, the authors suggest that 
some prioritization for HIV-positive recipients might be 
indicated on the basis of  these findings. Although this 
data hints that the MELD score in HIV-positive candi-
date to LT may underestimate the progression of  liver 
disease, a reconsideration of  the MELD scoring system 
specific for HIV-positive recipients does not seem fea-
sible taken the shortage of  organ donors. Thus, a more 
likely strategy to decrease waiting list mortality and im-
prove the chances for getting a liver transplant for HIV/
HCV coinfected recipients would be to pursue alternative 
sources of  liver donors that would facilitate earlier trans-
plantation. Nevertheless, the importance of  early referral 
of  the HIV/HCV coinfected patient for liver transplant 
evaluation remains a cornerstone in the management of  
these patients. In the absence of  additional MELD points 
to obtain liver transplants at the lower “true” MELD 
score, the ability to achieve an earlier transplant (at a low-
er MELD score) can generally be achieved by 3 strategies.

The three strategies including: (1) Utilization of  liv-

ing donor liver grafts (usually right lobe donors). Clearly, 
the major advantage of  providing a donor liver at a 
lower MELD score to the HIV-positive recipient must 
be weighted against the morbidity to the living donor as 
well as the increased risk of  biliary tract complications 
and hepatic artery thrombosis in the recipient[23]. In ad-
dition to the informed consent regarding the rates of  
morbidity and mortality associated with donating a right 
lobe, the donor should be informed of  the current out-
comes in HIV-coinfected patients; (2) Utilization of  high 
risk donors (i.e., negative at HIV antibody testing but 
potentially within the window period between infection 
and seroconversion due to high behavioral risks[24]). As 
the availability of  serologically negative, high-infectious-
risk donors has decreased, there have been extensive 
discussions regarding the potential use of  HIV-positive 
deceased donors for HIV-positive recipients. Results 
from a limited cohort of  HIV-positive kidney donors 
seemed promising[25]; the cautious use of  HIV-positive 
deceased donors whose immunological, virological, and 
C-ART history has been documented would be a poten-
tial alternative source of  deceased liver donors; and (3) 
Utilization of  deceased donor organs considered to be at 
a higher risk for early allograft dysfunction, such as older 
donors, liver donors with significant macrovescicular 
fat, and non-heart-beating donors. However, the use of  
this category of  so called “extended criteria” donors for 
HIV-infected recipients may be hampered by a higher 
risk of  early or late graft loss especially in HIV/HCV 
coinfected patients. The poorer outcomes with extended 
criteria donors undoubtedly reflect the management 
complexities following transplantation in the coinfected 
recipients and their relative inability to tolerate the insult 
of  early graft dysfunction[26].

In conclusion, due to the extremely high mortality 
rates in HIV-coinfected patients after their first liver 
disease clinical decompensation, only a small percent-
age of  HIV-infected patients can be actually considered 
adequate candidates for LT. Furthermore, for the few 
patients accepted for LT, a high mortality rate on the 
waiting list reduces the probability of  receiving a trans-
plant[22]. These findings highlight the importance of  early 
referral along with multidisciplinary care to expand the 
number of  HIV-positive patients with end-stage liver 
disease who could be candidates for successful LT and 
minimize the number of  deaths on the waiting lists. 
Moreover, in an era of  donor’s organs shortage pursuing 
alternative sources of  livers, such as living donation and 
extended criteria or high risk donors, might be encour-
aged in order to expand the possibility of  liver transplan-
tation in HIV infected patients without hampering non-
HIV candidates.

Surgical challenges of liver transplantation in hiv 
recipients
Surgical liver transplantation techniques in HIV-positive 
are not different compared to the procedures under-
taken in non-HIV recipients. In some centers, the wide-
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Absolute CD4 T cell count above 200 cells/mmc, 
if history of opportunistic infections or AIDS-
defining malignancies

Progressive multifocal 
leukoencephalopathy, 

chronic intestinal 
cryptosporidiosis (> 1 

mo duration)
Absolute CD4 T cell count above 100 cells/
mmc if absence of previous documented 
opportunistic infections

Lymphoma or other 
neoplasms, unless an 
adequate disease-free 
period is documented

Undetectable HIV-RNA in blood for patients 
on C-ART; if not on C-ART, previous 
documentation of efficacious therapy 
or genotypic/phenotypic resistance test 
documenting available post-LT C-ART options  
No active (< 1 yr) opportunistic infections, no 
wasting syndrome or severe malnutrition
Compliance to therapies and to follow-up visits

LT: Liver transplantation; C-ART: Combined antiretroviral therapy; HIV: 
Human immunodeficiency virus.
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Table 2  Factors correlated with mortality and graft loss in 
human immunodeficiency virus/hepatitis C virus-positive re-
cipients of liver transplantation[14]

spread use of  these procedures has been hampered by 
the surgeons’ fear to get in contact with HIV recipients 
contaminated blood. The reasons for a low risk of  HIV 
transmission from the surgical team are readily avail-
able and include routine utilization of  sterile surgical 
technique and universal precautions. The surgical team 
is continually aware of  the dangers of  transmission of  
infections, which is inclusive of, but not limited to, HIV 
infection. In addition, we now know that the blood con-
centration of  viral particles in patients who are infected 
with HIV is low, especially since the majority of  the pa-
tients have negative pre-transplant viremia. In the event 
of  a high-risk exposure during surgical procedures, the 
CDC recommends post-exposure antiretroviral chemo-
prophylaxis. There is statistical evidence that indicates 
possible prevention of  occupational infection, which 
has been observed from hollow needle stick exposures 
and has been extrapolated to have potential benefits fol-
lowing solid needle and other percutaneous or mucous 
membrane exposures. Surgical practices regarding HIV-
positive patients have been summarized in the 2004 Bul-
letin of  the American College of  Surgeons[27].

Liver transplantation for HIV/HCV 
coinfection
After the introduction of  C-ART, a dramatic decrease 
in OI and an increase in non-OI diseases have been 
registered. Specifically, liver disease currently is the most 
common non-AIDS-related cause of  death, accounting 
for up to 18%[28]. Due to similar risk factors for disease 
transmission, HIV infected patients often has HCV 
coinfection. Data reports HIV/HCV coinfection rates in 
around one third of  patients, with rates that can reach up 
to 70% in patients progressing to cirrhosis. HIV/HCV 
coinfection is known to significantly impact the progres-
sion of  HCV-related hepatopathy towards cirrhosis, liver 
failure, and hepatocellular carcinoma (HCC)[29]. Fur-
thermore, antiretrovirals may contribute to hepatotoxic-
ity along with alcohol consumption and non-alcoholic 
steatosis[30,31]. Often, indication to LT in HIV-positive 
patients is represented by liver impairment (recurrent 
ascites, portosystemic encepalopathy, esophageal varices 
rupture) or HCC[32]. Due to severe conditions and high 

mortality rates in coinfected HIV/HCV patients with 
advanced liver disease, an accurate selection of  trans-
plant recipients is mandatory. Predictors of  mortality in 
HIV-infected patients with HCV-related ESLD after the 
first hepatic decompensation include a Child-Pugh score 
≥ 10, the presence of  encephalopathy, a low absolute 
CD4 T cell count, and absence of  C-ART[33]. Although 
excellent results have been reported in monoinfected 
HIV patients undergoing LT, mortality in HIV/HCV 
patients remains high at 1, 3, and 5 years compared to 
monoinfected HCV LT recipients (74%, 61%, and 44% 
vs 54%, 40%, and 25%, respectively), mainly due to high 
rates of  severe HCV post-LT reinfection, including fi-
brosing cholestatic forms[34]. As summarized in table 2, 
Terrault et al[35] confirmed significantly higher rates of  
mortality, graft loss, and acute rejection in coinfected 
HIV/HCV subjects compared to HCV monoinfected 
patients. Overall, Miro et al[14] showed mortality rates 
around 55% in 84 HIV/HCV LT recipients at 5 years 
post-LT. Terrault et al[35] showed that the subgroup of  
HIV/HCV patients with no risk factors (i.e., old age or 
HCV-positive donor, low BMI) had mortality rates com-
parable to controls. Furthermore, HIV/HCV positive 
patients displayed rates of  severe HCV reinfection at 
3 years post-LT similar to monoinfected HCV-positive 
recipients. This suggests how HIV/HCV coinfection per 
se does not represent an absolute contraindication for 
LT; nonetheless, a thorough selection of  recipients has 
to be made, evaluating attentively all the risk factors that 
can lead to an unfavourable outcome. Although further 
studies on a large scale are required, risk factors for mor-
tality and graft failure in HIV/HCV recipients of  LT 
have been identified (Table 3)[14]. Interestingly, among 
the risk factors the performance of  a limited number 
of  LT at a transplantation Center represents a risk fac-
tor correlated to an increased mortality in HIV-positive 
recipients, probably because of  a lack of  expertise in 
managing HIV-positive recipients[14]. Furthermore, the 
presence of  experts in HIV medicine (i.e., virological 
and immunological follow-up, C-ART, drug-to-drug in-
teractions, etc.) and availability of  laboratory tests specific 
for HIV infection (i.e., HIV-RNA, HCV-RNA, CD4 T 
cell count) are mandatory for a correct management of  
these patients. Moreno et al[36] demonstrated that the oc-
currence of  previous OI correlated with a high number 
of  post-LT infections, suggesting that the history of  OI 
should be carefully investigated during pre-transplant 
selection. Due to organ shortage and limited data, liver 
re-transplantation has been debated in HIV-positive re-
cipients. A study encompassing 14 re-OLT HIV-positive 
recipients from a Spanish cohort (6% retransplantation 
rate) showed a survival probability of  42% at 3 years 
(compared to 64% among controls, difference not sig-
nificant). Factors correlated with better outcomes were 
HCV-RNA negativity at re-transplant and late (> 30 d 
from the first LT) graft failure[37].
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Follow-up at 3 yr post-LT HIV/HIV (89) HCV (235) P  value

Patient survival (%) 60 79 < 0.001
Graft survival (%) 53 74 < 0.001
Acute rejection (%) 39 24   0.02
Severe HCV reinfection (%) 29 23   0.21

LT: Liver transplantation; HCV: Hepatitis C virus; HIV: Human immuno-
deficiency virus.
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Mortality HR (95%CI), P  value Graft loss HR (95%CI), P  value

HIV infection[14,35] 2.3 (1.3–3.8), 0.0002 BMI < 21[35] 3.2 (1.3–7.7), 0.01
HCV genotype 1[14] 2.14 (1.24–3.41), 0.006 Donor age by decade[35] 1.3 (1.0–1.6), 0.04
Donor index risk[35] 3.03 (1.57–5.83), 0.001 HCV-positive donor[35] 2.5 (1.1–5.6), 0.03

Combined kidney-lT[35]   3.8 (1.6–9.1), 0.003
MELD score[14]     1.06 (1.01–1.11), 0.023

Centers performing < 1 LT/yr[14]     2.82 (1.30–6.94), 0.009
Treated acute rejection1[35] 2.0 (1.0–4.0), 0.06

HIV infection[35] 1.9 (1.2–3.1), 0.01

Liver transplantation in HIV 
recipients not coinfected with 
HCV
HIV/hepatitis B virus (HBV)-coinfected LT recipients 
seem to have better outcomes compared with those in 
HIV/HCV-coinfected liver transplant recipients as long 
as they receive early referral for LT and treatment of  
lamivudine-resistant HBV infection after LT[21,38-40]. In 
the absence of  HCV, among those with HBV infection, 
those with HIV coinfection had a higher rate of  death 
(0.14 per person-year) than those without HIV infection 
(0.06 per person-year), but this difference was not statis-
tically significant (P = 0.18). There was also no signifi-
cant difference in death rates between HIV(+) patients 
without coinfection [HIV(+)/HBsAg(-)/HCVAb(-)] and 
HIV/HBV-coinfected patients [HIV(+)/HBsAg(+)/
HCVAb(-)] patients (p = 0.10). Univariate analysis also 
showed that the estimated 2 and 3-year survival prob-
abilities of  HIV-infected patients were lower than that 
of  non-HIV patients. However, this excess risk appeared 
entirely among those with coinfections, as none of  the 
24 HIV(+) patients who did not have HBV or HCV 
died during follow-up. These results should be inter-
preted with caution because the number of  HIV/HBV-
coinfected patients was too small in the database ana-
lyzed, however the results from this large retrospective 
National database[40] analysis were similar to those found 
by other investigators[41,42].

Liver transplantation for HCC and HIV
HCC is the leading cause of  death among patients with 
liver cirrhosis and is the fifth most frequent malignant 
tumor worldwide[43]. The most common underlying 
diseases to this condition are chronic viral hepatitis and 
alcohol abuse. These conditions are epidemiologically 
linked with HIV infection, sharing common behavioral 
risk factors[44]. Several reports have outlined a more ag-
gressive course of  HCC in HIV infected patients[45,46]. 
HIV, per se, can boost carcinogenesis with the pivotal 
role of  the HIV-tat protein inducing growth signals and 
enhancing HCC cell proliferation and antitumor im-
mune response[47]. Liver transplantation (LT) in patients 

with HIV and ESLD is a recent indication and it is still 
a matter of  debate in case of  HCC. Only few studies 
reported so far on that issue. The multicenter compara-
tive study by Di Benedetto et al[48] reported 155 patients 
with ESLD underwent LT for HCC; among them, 30 
patients were HIV-infected. The dropout rate between 
the two groups was comparable and it was reported as 
26% and 24%, respectively, in HIV infected and -unin-
fected patients (p = 0.99). In HIV-infected and -unin-
fected individuals, the HCC recurrence rates were 6.7% (2 
out of  30 patients) and 14.4% (18 out of  125 patients), 
respectively (P = 0.15). One- and 3-year HCC-disease-
free survival for patients with and without HIV infection 
was 100% and 95.2% and 91.4% and 83.6%, respectively 
(P = 0.32). Vibert et al[49] compared two population of  
HCC patients, one HIV+ and the other HIV-, listed 
for LT and reported that because of  a higher dropout 
rate among HIV+ patients, HIV infection impaired the 
results of  LT for HCC on an intent-to-treat basis but 
had no significant impact on overall survival (OS) and 
recurrence free survival (RFS) after LT. Differently from 
Vibert et al[49], in our personal series[50] of  13 LT for HCC 
in HIV+, we do not have any drop-out and none of  
the transplanted patients experienced HCC recurrence 
although 23% were outside the Milan criteria but only 
7.7.% had microvascular invasion at explants, while in 
the French cohort microvascular invasion was present in 
50% of  cases. Comparison of  the results of  LT for HCC 
in HIV+ vs HIV- recipients reported in the literature is 
shown in Table 4 and none of  the parameters included 
showed a statistical significant difference.

Immunosuppression and C-ART in HIV-positive liver 
transplanted patients
The immunosuppressive regimen after LT in an HIV 
infected recipient does not differ from the one normally 
utilized in non-HIV patients and it is usually based on 
calcineurin inhibitors (CNIs, i.e., tacrolimus or cyclo-
sporine) and steroids in the early post-transplant period. 
Tacrolimus (TAC) is the more frequently CNIs used in 
HIV recipients; Moreno et al[36] reported that the use 
of  non-TAC based immunosuppression in HIV/HCV 
recipients was associated with an higher rates of  severe 
OI. Several reports have demonstrated both the in vitro 
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Table 3  Factors predictive of mortality and graft failure at multivariate analysis in human immunodeficiency virus/hepatitis C virus 
recipients of liver transplantation

1In HIV-positive individuals with or without HCV. HCV: Hepatitis C virus; BMI: Body mass index; LT: Liver transplantation; HIV: Human immunodefi-
ciency virus.
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Table 4  Comparison of human immunodeficiency virus+ vs  human immunodeficiency virus- patients transplanted for hepatocellular carcinoma

and in vivo effectiveness of  rapamycin in reducing HIV 
replication[51,52], and Di Benedetto et al[53] found that 
rapamycin monotherapy was significantly beneficial in 
long-term immunosuppression maintenance and HIV 
control after LT. Mycophenolate mofetil is expected to 
be an effective immunosuppressive drug because of  its 
efficacy in reducing HIV infection by both virological 
and immunological mechanisms[54,55]. Anti-lymphocyte 
depleting treatment with thymoglobulines (ATG) used 
as induction therapy at the moment of  LT is usually not 
adopted in HIV recipients due to the development of  
severe lymphopenia. Moreover, several reports[14,34] re-
ported an higher incidence of  acute rejection after liver 
transplantation in HIV+ recipients; this fact has been 
related to the difficult management of  post-transplant 
immuno-prophylaxis due to the major pharmacologi-
cal interactions between CNIs and many antiretroviral 
drugs, both PI and NNRTI, causing instability in the 
blood concentration of  CNIs through the cytochrome 
P3A4 (CYP3A4)-related metabolism. Most PI cause 
the overconcentration of  CNIs by inhibiting CYP3A4, 
while most NNRTI cause decreased levels of  CNIs by 
stimulating CYP3A4. However this problem might be 
overcome by the introduction of  antiretrovirals that do 
not show interference with immunosuppressants via 
CYP450 (i.e., enfuvirtide, raltegravir, maraviroc) as key 
drugs in the post-LT[56]. Also, a more widespread use of  
therapeutic drug monitoring (TDM) of  both CNIs and 
antiretroviral drugs could be of  help in targeting the 
appropriate trough levels reducing the risk of  potential 
damaging drug to drug interaction in the early post-
transplant period[57].

Treatment of HCV reactivation in HIV liver transplant 
recipients
Treatment of  HCV recurrence in HIV-positive LT re-
cipients represents a challenge for clinicians. Although 
better liver function should improve the tolerance to 
anti-HCV compounds after LT, other factors such as 
surgical complications, drug-to-drug interactions, and 
toxicity may complicate the management of  HIV/HCV 
LT recipients. Data from the literature have shown how 
the HIV/HCV cohort is characterized by high treatment 
discontinuation rates due to drug toxicity and intoler-
ance[58-60]. Factors such as priority of  treatment, potential 
toxicities, concurrent C-ART options, and sustainability 
of  current and future therapies should be taken into ac-
count when starting anti-HCV treatment in coinfected 

HIV/HCV recipients. Although attempts of  early treat-
ment (upon confirmation of  histological recurrence) af-
ter LT have shown acceptable tolerability, low SVR rates 
were shown[61]. A liver biopsy to document the impact 
of  HCV replication on the liver should always be per-
formed, since the presence of  high levels of  HCV-RNA 
alone cannot be considered sufficient to determine the 
treatment start. In a study by Antonini et al[62], mortal-
ity due to HCV recurrence in HIV/HCV LT recipients 
reached rates up to 50%. Among patients with HCV 
reactivation, 30 out of  40 received post-LT anti-HCV 
dual therapy (timing, 10 ± 9 mo after LT) but only 17% 
displayed SVR, probably due to high early discontinua-
tion rates (69%) and insufficient dosage of  pegylated in-
terferon and ribavirin (92%)[59]. In patients with genotype 
1, recently approved HCV NS3/4A protease inhibitors 
have been demonstrated to enhance the efficacy of  pe-
gylated interferon and ribavirin. Limited but encouraging 
results have been reported in HIV/HCV LT recipients 
with HCV recurrence post-LT using triple therapy with 
boceprevir (BOC) or telaprevir (TVR). Compared to 
less than 40% SVR rates documented with dual therapy 
(pegylated interferon plus ribavirin), in naive HIV/HCV 
co-infected patients SVR was 61% and 74% in patients 
treated with BOC or TVR, respectively[63]. Safety and 
tolerability were comparable with those previously ob-
served in HCV-monoinfected patients[63]. Besides known 
side effects (i.e., anaemia, skin rash), major problems us-
ing the triple therapy are represented by the interactions 
between the immunosuppressive therapy and boosted 
anti-HIV PIs through the inhibition of  CYP3A[64,65]. 
While PIs should be avoided with BOC, the use of  ata-
zanavir is possible in association with TVR, while higher 
TVR dosage is required using efavirenz-based C-ART 
regiments[66]. Furthermore, a very potent interaction 
with TVR has been described with immunosuppressive 
therapy that includes CYP3A and P-glycoprotein sub-
strates such as cyclosporine or TAC[67]. Further studies 
on the HIV/HCV cohort using BOC or TVR are yet 
to be completed. There are also several new anti-HCV 
drugs under study with the potential for more tolerable 
effective future regimens[68]. Sofosvubir, a once-daily oral 
nucleotide analogue inhibitor still under investigation 
may be available in the next future for interferon-free 
regimens in genotype 2 and 3 and in combination with 
ribavirin and pegylated interferon for other genotypes. 
Preliminary data showed a median decline of  HCV-RNA 
viral load of  more than 4 log after one week of  treat-
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Series Pts number Milan out Alfa fetoprotein pre-LT MiV+ HCC recurrence Disease free survival (mo)

HIV+ HIV- HIV+ HIV- HIV+ HIV- HIV+ HIV- HIV+ HIV- HIV+ HIV-
Di Benedetto et al[48] 30 125 26.7% 43.2% 157.88 327.64 23.30% 16% 6.7% 14.4%    31.7    29.8

(1-2882) (1-22455) (1.28-68.78) (0.43-75.79)
Viber et al[49] 16   58    31%    34% 16 13      50% 43%  31%    15% 27 27

(3-7154) (1-552) (14-79) (2-78)

MiV+: Microvascular invasion present; HCC: Hepatocellular carcinoma; LT: Liver transplantation; HIV: Human immunodeficiency virus.
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ment in a group of  30 HIV/HCV coinfected patients on 
stable C-ART therapy and preserved CD4 T cell count 
[52nd Interscience Conference on Antimicrobials and 
Chemotherapy, oral communication]. Sofosvubir (in as-
sociation with pegylated interferon and/or ribavirin), has 
been provided for compassionate use in HIV/HCV pa-
tients undergoing LT with severe HCV reinfection and 
life expectancy below 6 mo.

Post-liver transplant infections and malignancies in 
HIV/HCV coinfected patients
Despite the use of  antimicrobial prophylaxis and infec-
tion control measures, infections still represent a major 
cause of  mortality after LT[69]. It is estimated that up to 
80% of  LT recipients will develop at least one infection 
during the first year post-LT[70]. Furthermore, during the 
first 3 years after LT death may occur due to OI[69]. In this 
scenario, HIV/HCV LT recipients may be particularly 
susceptible to infections due to their intrinsic CD4/CD8 
dysfunction and to pharmacological immunosuppression 
that may interfere with an effective C-ART; nevertheless, 
the literature has demonstrated that bacterial and fungal 
infection rates in the HIV/HCV cohort are not dramati-
cally different from non-HIV-infected LT recipients. A 
Spanish study on 84 HIV/HCV patients undergoing LT 
showed that 58 (69%) of  them had at least one docu-
mented post-LT infection. Of  these, nearly a half  where 
classified as severe infections[14]. Occurrence of  invasive 
fungal infections (n = 6, two cases of  zigomycosis, two 
esophageal candidiasis, one aspergillosis, one pneumo-
cystis jiroveci pneumonia) were documented in 7% of  
patients and correlated with high rates of  mortality (P = 
0.008). Among other infections, two CMV reactivations 
and two cases of  pulmonary tuberculosis occurred. In a 
German study on 32 HIV-positive LT recipients, 7 (22%) 
died of  sepsis[71]; CMV viremia was detected in 5 (16%) 
and one Kaposi sarcoma was documented 4.5 mo post-
LT. No deaths due to HIV-related infections or malig-
nancies were recorded in a large US multicentric study 
encompassing 89 patients[35]. Nevertheless, in the same 
study, patients or graft loss due to sepsis or multi-organ 
failure was more frequent in the HCV/HIV group com-
pared to HCV monoinfected LT recipients (32% vs 15%, 
respectively)[35]. Overall, low rates of  malignancies have 
been reported in HIV-positive patients undergoing liver 
and kidney transplantation[72].

CONCLUSION
The chronicity of  HIV disease and the consequent in-
crease of  ESLD along with C-ART-related complica-
tions will likely increase the request for LT in the HIV 
cohort. The challenges associated with the care of  these 
patients require a joint effort by a multidisciplinary 
team with expertise in managing surgical complications, 
immunosuppressants and C-ART regimens. A close 
patients follow up is a crucial factor in achieving posi-
tive results in HIV-positive patients undergoing LT. At 

present, liver transplantation for ESLD with an etiology 
different from HCV in HIV-infected patients should be 
considered not different and with the same prioritiza-
tion compared to non-HIV population. For ESLD due 
to HIV/HCV coinfection, the long-term results are re-
ported to be worst than HCV monoinfected, especially 
when transplantation is performed at the same MELD 
score than HCV counterparts. Moreover mortality in the 
waiting list is higher at the same MELD. Therefore, care-
ful follow-up before entering the waiting list and during 
time on waiting list should be provided to HIV/HCV 
coinfected patients especially after episodes of  liver 
decompensation. Also, pursuing alternative source of  
donors, such as HIV or HCV infected donors or donors 
with unknown infective risks could be a potential source 
allocable to coinfected HIV/HCV recipients. Manage-
ment of  surgical complications, infections, and drug-to-
drug interferences is possible in the post-transplant for 
coinfected HIV/HCV LT recipients. HCV recurrence 
currently represents the major challenge in this cohort; 
nevertheless, new options for the treatment of  HCV 
infection in coinfected HIV/HCV LT patients may be 
available in the near future.

REFERENCES
1	 Rubin RH, Jenkins RL, Shaw BW, Shaffer D, Pearl RH, Erb S, 

Monaco AP, van Thiel DH. The acquired immunodeficiency 
syndrome and transplantation. Transplantation 1987; 44: 1-4 
[PMID: 3299908 DOI: 10.1097/00007890-198707000-00001]

2	 Spital A. Should all human immunodeficiency virus-
infected patients with end-stage renal disease be excluded 
from transplantation? The views of U.S. transplant centers. 
Transplantation 1998; 65: 1187-1191 [PMID: 9603166 DOI: 
10.1097/00007890-199805150-00008]

3	 Mullen MA, Kohut N, Sam M, Blendis L, Singer PA. Access 
to adult liver transplantation in Canada: a survey and ethical 
analysis. CMAJ 1996; 154: 337-342 [PMID: 8564903]

4	 Palella FJ, Delaney KM, Moorman AC, Loveless MO, Fuhrer 
J, Satten GA, Aschman DJ, Holmberg SD. Declining morbid-
ity and mortality among patients with advanced human 
immunodeficiency virus infection. HIV Outpatient Study In-
vestigators. N Engl J Med 1998; 338: 853-860 [PMID: 9516219 
DOI: 10.1056/NEJM199803263381301]

5	 Mocroft A, Brettle R, Kirk O, Blaxhult A, Parkin JM, Antunes 
F, Francioli P, D’Arminio Monforte A, Fox Z, Lundgren JD. 
Changes in the cause of death among HIV positive subjects 
across Europe: results from the EuroSIDA study. AIDS 2002; 
16: 1663-1671 [PMID: 12172088 DOI: 10.1097/00002030-20020
8160-00012]

6	 Vittinghoff E, Scheer S, O’Malley P, Colfax G, Holmberg 
SD, Buchbinder SP. Combination antiretroviral therapy and 
recent declines in AIDS incidence and mortality. J Infect Dis 
1999; 179: 717-720 [PMID: 9952385 DOI: 10.1086/314623]

7	 Kuo PC. Reconsideration of HIV as a contraindication to 
transplantation. Transplantation 2001; 71: 1689 [PMID: 11435985 
DOI: 10.1097/00007890-200106150-00033]

8	 Adih WK, Selik RM, Hu X. Trends in Diseases Reported 
on US Death Certificates That Mentioned HIV Infection, 
1996-2006. J Int Assoc Physicians AIDS Care (Chic) 2011; 10: 
5-11 [PMID: 21088284 DOI: 10.1177/1545109710384505]

9	 Rosenthal E, Pialoux G, Bernard N, Pradier C, Rey D, Ben-
tata M, Michelet C, Pol S, Perronne C, Cacoub P. Liver-re-
lated mortality in human-immunodeficiency-virus-infected 

5359 May 14, 2014|Volume 20|Issue 18|WJG|www.wjgnet.com

Baccarani U et al . Liver transplantation in HIV



patients between 1995 and 2003 in the French GERMIVIC 
Joint Study Group Network (MORTAVIC 2003 Study). J 
Viral Hepat 2007; 14: 183-188 [PMID: 17305884 DOI: 10.1111/
j.1365-2893.2006.00791.x]

10	 Bica I, McGovern B, Dhar R, Stone D, McGowan K, Scheib 
R, Snydman DR. Increasing mortality due to end-stage liver 
disease in patients with human immunodeficiency virus 
infection. Clin Infect Dis 2001; 32: 492-497 [PMID: 11170959 
DOI: 10.1086/318501]

11	 Touzot M, Pillebout E, Matignon M, Tricot L, Viard JP, Ron-
deau E, Legendre C, Glotz D, Delahousse M, Lang P, Peraldi 
MN. Renal transplantation in HIV-infected patients: the 
Paris experience. Am J Transplant 2010; 10: 2263-2269 [PMID: 
20840478 DOI: 10.1111/j.1600-6143.2010.03258.x]

12	 Stock PG, Barin B, Murphy B, Hanto D, Diego JM, Light J, 
Davis C, Blumberg E, Simon D, Subramanian A, Millis JM, 
Lyon GM, Brayman K, Slakey D, Shapiro R, Melancon J, 
Jacobson JM, Stosor V, Olson JL, Stablein DM, Roland ME. 
Outcomes of kidney transplantation in HIV-infected recipi-
ents. N Engl J Med 2010; 363: 2004-2014 [PMID: 21083386 
DOI: 10.1056/NEJMoa1001197]

13	 Grossi PA, Righi E, Gasperina DD, Donati D, Tozzi M, 
Mangini M, Astuti N, Cuffari S, Castelli P, Carcano G, Dioni-
gi G, Boggi U, Costa AN, Dionigi R. Report of four simulta-
neous pancreas-kidney transplants in HIV-positive recipients 
with favorable outcomes. Am J Transplant 2012; 12: 1039-1045 
[PMID: 22221659 DOI: 10.1111/j.1600-6143.2011.03906.x]

14	 Miro JM, Montejo M, Castells L, Rafecas A, Moreno S, 
Agüero F, Abradelo M, Miralles P, Torre-Cisneros J, Pedreira 
JD, Cordero E, de la Rosa G, Moyano B, Moreno A, Perez I, 
Rimola A. Outcome of HCV/HIV-coinfected liver transplant 
recipients: a prospective and multicenter cohort study. Am J 
Transplant 2012; 12: 1866-1876 [PMID: 22471341 DOI: 10.1111/
j.1600-6143.2012.04028.x]

15	 Ragni MV, Eghtesad B, Schlesinger KW, Dvorchik I, Fung JJ. 
Pretransplant survival is shorter in HIV-positive than HIV-
negative subjects with end-stage liver disease. Liver Transpl 
2005; 11: 1425-1430 [PMID: 16237709 DOI: 10.1002/lt.20534]

16	 Blumberg EA, Stock P. Solid organ transplantation in the HIV-
infected patient. Am J Transplant 2009; 9 Suppl 4: S131-S135 
[PMID: 20070672 DOI: 10.1111/j.16006143.2009.02903.x]

17	 O'Grady J, Taylor C, Brook G. Guidelines for liver trans-
plantation in patients with HIV infection (2005). HIV Med 
2005; 6 Suppl 2: 149-153 [PMID: 16011540 DOI: 10.1111/
j.1468-1293.2005.00303.x]

18	 Il trpaianto di fegato nei soggetti con infezione da HIV. 
Accessed on September 30th, 2013. Available from: URL: 
http://www.salute.gov.it/imgs/C_17_normativa_1960_alle
gato.pdf

19	 Stock PG. Rapid deterioration of HIV co-infected patients 
waiting for liver transplantation is not predicted by MELD. 
Liver Transpl 2005; 11: 1315-1317 [PMID: 16237693 DOI: 
10.1002/lt.20539]

20	 Pineda JA, Romero-Gómez M, Díaz-García F, Girón-González 
JA, Montero JL, Torre-Cisneros J, Andrade RJ, González-Ser-
rano M, Aguilar J, Aguilar-Guisado M, Navarro JM, Salmerón 
J, Caballero-Granado FJ, García-García JA. HIV coinfection 
shortens the survival of patients with hepatitis C virus-related 
decompensated cirrhosis. Hepatology 2005; 41: 779-789 [PMID: 
15800956 DOI: 10.1002/hep.20626]

21	 Duclos-Vallée JC, Féray C, Sebagh M, Teicher E, Roque-
Afonso AM, Roche B, Azoulay D, Adam R, Bismuth H, 
Castaing D, Vittecoq D, Samuel D. Survival and recurrence 
of hepatitis C after liver transplantation in patients coin-
fected with human immunodeficiency virus and hepatitis 
C virus. Hepatology 2008; 47: 407-417 [PMID: 18098295 DOI: 
10.1002/hep.21990]

22	 Murillas J, Rimola A, Laguno M, de Lazzari E, Rascón J, 
Agüero F, Blanco JL, Moitinho E, Moreno A, Miró JM. The 
model for end-stage liver disease score is the best prognostic 

factor in human immunodeficiency virus 1-infected patients 
with end-stage liver disease: a prospective cohort study. Liver 
Transpl 2009; 15: 1133-1141 [PMID: 19718643 DOI: 10.1002/
lt.21735]

23	 Seehofer D, Eurich D, Veltzke-Schlieker W, Neuhaus P. Bili-
ary complications after liver transplantation: old problems 
and new challenges. Am J Transplant 2013; 13: 253-265 [PMID: 
23331505 DOI: 10.1111/ajt.12034]

24	 Kucirka LM, Namuyinga R, Hanrahan C, Montgomery RA, 
Segev DL. Formal policies and special informed consent are 
associated with higher provider utilization of CDC high-
risk donor organs. Am J Transplant 2009; 9: 629-635 [PMID: 
19191765]

25	 Muller E, Kahn D, Mendelson M. Renal transplantation be-
tween HIV-positive donors and recipients. N Engl J Med 2010; 
362: 2336-2337 [PMID: 20554994 DOI: 10.1056/NEJMc0900837]

26	 Attia M, Silva MA, Mirza DF. The marginal liver donor--an 
update. Transpl Int 2008; 21: 713-724 [PMID: 18492121 DOI: 
10.1111/j.1432-2277.2008.00696.x]

27	 Statement on the surgeon and HIV infection. Bull Am Coll 
Surg 2004; 89: 27-29 [PMID: 18435107]

28	 Smith C, Sabin CA, Lundgren JD, Thiebaut R, Weber R, Law 
M, Monforte Ad, Kirk O, Friis-Moller N, Phillips A, Reiss 
P, El Sadr W, Pradier C, Worm SW. Factors associated with 
specific causes of death amongst HIV-positive individuals in 
the D: A: D Study. AIDS 2010; 24: 1537-1548 [PMID: 20453631 
DOI: 10.1097/QAD.0b013e32833a0918]

29	 Lacombe K, Rockstroh J. HIV and viral hepatitis coinfec-
tions: advances and challenges. Gut 2012; 61 Suppl 1: i47-i58 
[PMID: 22504919 DOI: 10.1136/gutjnl-2012-302062]

30	 Jones M, Núñez M. Liver toxicity of antiretroviral drugs. 
Semin Liver Dis 2012; 32: 167-176 [PMID: 22760656 DOI: 
10.1055/s-0032-1316472]

31	 Vallet-Pichard A, Mallet V, Pol S. Nonalcoholic fatty liver 
disease and HIV infection. Semin Liver Dis 2012; 32: 158-166 
[PMID: 22760655]

32	 Puoti M, Moioli MC, Travi G, Rossotti R. The burden of liver 
disease in human immunodeficiency virus-infected patients. 
Semin Liver Dis 2012; 32: 103-113 [PMID: 22760649 DOI: 
10.1055/s-0032-1316471]

33	 Merchante N, Girón-González JA, González-Serrano M, Torre-
Cisneros J, García-García JA, Arizcorreta A, Ruiz-Morales J, 
Cano-Lliteras P, Lozano F, Martínez-Sierra C, Macías J, Pineda 
JA. Survival and prognostic factors of HIV-infected patients 
with HCV-related end-stage liver disease. AIDS 2006; 20: 49-57 
[PMID: 16327319 DOI: 10.1097/01.aids.0000198087.47454.e1]

34	 Ragni MV, Belle SH, Im K, Neff G, Roland M, Stock P, Hea-
ton N, Humar A, Fung JF. Survival of human immunodefi-
ciency virus-infected liver transplant recipients. J Infect Dis 
2003; 188: 1412-1420 [PMID: 14624365 DOI: 10.1086/379254]

35	 Terrault NA, Roland ME, Schiano T, Dove L, Wong MT, 
Poordad F, Ragni MV, Barin B, Simon D, Olthoff KM, John-
son L, Stosor V, Jayaweera D, Fung J, Sherman KE, Subra-
manian A, Millis JM, Slakey D, Berg CL, Carlson L, Ferrell 
L, Stablein DM, Odim J, Fox L, Stock PG. Outcomes of liver 
transplant recipients with hepatitis C and human immuno-
deficiency virus coinfection. Liver Transpl 2012; 18: 716-726 
[PMID: 22328294 DOI: 10.1002/lt.23411]

36	 Moreno A, Cervera C, Fortún J, Blanes M, Montejo E, Abrade-
lo M, Len O, Rafecas A, Martín-Davila P, Torre-Cisneros J, 
Salcedo M, Cordero E, Lozano R, Pérez I, Rimola A, Miró JM. 
Epidemiology and outcome of infections in human immuno-
deficiency virus/hepatitis C virus-coinfected liver transplant 
recipients: a FIPSE/GESIDA prospective cohort study. Liver 
Transpl 2012; 18: 70-81 [PMID: 21898772 DOI: 10.1002/lt.22431]

37	 Gastaca M, Aguero F, Rimola A, Montejo M, Miralles P, 
Lozano R, Castells L, Abradelo M, Mata Mde L, San Juan 
Rodríguez F, Cordero E, Campo Sd, Manzardo C, de Ur-
bina JO, Pérez I, Rosa Gde L, Miro JM. Liver retransplanta-
tion in HIV-infected patients: a prospective cohort study. 

5360 May 14, 2014|Volume 20|Issue 18|WJG|www.wjgnet.com

Baccarani U et al . Liver transplantation in HIV



Am J Transplant 2012; 12: 2465-2476 [PMID: 22703615 DOI: 
10.1111/j.1600-6143.2012.04142.x]

38	 Miro JM, Aguero F, Laguno M, Tuset M, Cervera C, Moreno 
A, Garcia-Valdecasas JC, Rimola A. Liver transplantation in 
HIV/hepatitis co-infection. J HIV Ther 2007; 12: 24-35 [PMID: 
17589393]

39	 Samuel D, Duclos-Vallee JC. The difficulty in timing for liv-
er transplantation in cirrhotic patients coinfected with HIV: 
in search for a prognosis score. Liver Transpl 2006; 12: 699-701 
[PMID: 16628704 DOI: 10.1002/lt.20790]

40	 Terrault NA, Carter JT, Carlson L, Roland ME, Stock PG. 
Outcome of patients with hepatitis B virus and human im-
munodeficiency virus infections referred for liver transplan-
tation. Liver Transpl 2006; 12: 801-807 [PMID: 16628690 DOI: 
10.1002/lt.20776]

41	 Mindikoglu AL, Regev A, Magder LS. Impact of human im-
munodeficiency virus on survival after liver transplantation: 
analysis of United Network for Organ Sharing database. 
Transplantation 2008; 85: 359-368 [PMID: 18301332 DOI: 
10.1097/TP.0b013e3181605fda]

42	 Norris S, Taylor C, Muiesan P, Portmann BC, Knisely AS, 
Bowles M, Rela M, Heaton N, O’Grady JG. Outcomes of 
liver transplantation in HIV-infected individuals: the impact 
of HCV and HBV infection. Liver Transpl 2004; 10: 1271-1278 
[PMID: 15376307 DOI: 10.1002/lt.20233]

43	 El-Serag HB. Hepatocellular carcinoma: an epidemiologic 
view. J Clin Gastroenterol 2002; 35: S72-S78 [PMID: 12394209 
DOI: 10.1097/00004836-200211002-00002]

44	 Weber R, Sabin CA, Friis-Møller N, Reiss P, El-Sadr WM, 
Kirk O, Dabis F, Law MG, Pradier C, De Wit S, Akerlund B, 
Calvo G, Monforte Ad, Rickenbach M, Ledergerber B, Phil-
lips AN, Lundgren JD. Liver-related deaths in persons in-
fected with the human immunodeficiency virus: the D: A: D 
study. Arch Intern Med 2006; 166: 1632-1641 [PMID: 16908797 
DOI: 10.1001/archinte.166.15.1632]

45	 Berretta M, Garlassi E, Cacopardo B, Cappellani A, Guaraldi 
G, Cocchi S, De Paoli P, Lleshi A, Izzi I, Torresin A, Di Gangi 
P, Pietrangelo A, Ferrari M, Bearz A, Berretta S, Nasti G, Di 
Benedetto F, Balestreri L, Tirelli U, Ventura P. Hepatocel-
lular carcinoma in HIV-infected patients: check early, treat 
hard. Oncologist 2011; 16: 1258-1269 [PMID: 21868692 DOI: 
10.1634/theoncologist.2010-0400]

46	 Serraino D, Boschini A, Carrieri P, Pradier C, Dorrucci M, 
Dal Maso L, Ballarini P, Pezzotti P, Smacchia C, Pesce A, 
Ippolito G, Franceschi S, Rezza G. Cancer risk among men 
with, or at risk of, HIV infection in southern Europe. AIDS 
2000; 14: 553-559 [PMID: 10780718 DOI: 10.1097/00002030-20
0003310-00011]

47	 Altavilla G, Caputo A, Lanfredi M, Piola C, Barbanti-Brodano 
G, Corallini A. Enhancement of chemical hepatocarcinogen-
esis by the HIV-1 tat gene. Am J Pathol 2000; 157: 1081-1089 
[PMID: 11021811 DOI: 10.1016/S0002-9440(10)64622-6]

48	 Di Benedetto F, Tarantino G, Ercolani G, Baccarani U, Mon-
talti R, De Ruvo N, Berretta M, Adani GL, Zanello M, Tavio 
M, Cautero N, Tirelli U, Pinna AD, Gerunda GE, Guaraldi 
G. Multicenter italian experience in liver transplantation for 
hepatocellular carcinoma in HIV-infected patients. Oncologist 
2013; 18: 592-599 [PMID: 23666950 DOI: 10.1634/theoncolo-
gist.2012-0255]

49	 Vibert E, Duclos-Vallée JC, Ghigna MR, Hoti E, Salloum C, 
Guettier C, Castaing D, Samuel D, Adam R. Liver transplan-
tation for hepatocellular carcinoma: the impact of human im-
munodeficiency virus infection. Hepatology 2011; 53: 475-482 
[PMID: 21274869 DOI: 10.1002/hep.24062]

50	 Baccarani U, Adani GL, Tavio M, Viale P. Liver transplan-
tation for hepatocellular carcinoma: the impact of human 
immunodeficiency virus infection--21 plus 13. Hepatology 
2011; 53: 2138; author reply 2138-2139 [PMID: 21391221 DOI: 
10.1002/hep.24287]

51	 Lin YL, Mettling C, Portales P, Reynes J, Clot J, Corbeau P. 

Cell surface CCR5 density determines the postentry effi-
ciency of R5 HIV-1 infection. Proc Natl Acad Sci USA 2002; 99: 
15590-15595 [PMID: 12434015 DOI: 10.1073/pnas.242134499]

52	 Heredia A, Amoroso A, Davis C, Le N, Reardon E, Domi-
nique JK, Klingebiel E, Gallo RC, Redfield RR. Rapamycin 
causes down-regulation of CCR5 and accumulation of anti-
HIV beta-chemokines: an approach to suppress R5 strains of 
HIV-1. Proc Natl Acad Sci USA 2003; 100: 10411-10416 [PMID: 
12915736 DOI: 10.1073/pnas.1834278100]

53	 Di Benedetto F, Di Sandro S, De Ruvo N, Montalti R, Ballarin R, 
Guerrini GP, Spaggiari M, Guaraldi G, Gerunda G. First report 
on a series of HIV patients undergoing rapamycin monothera-
py after liver transplantation. Transplantation 2010; 89: 733-738 
[PMID: 20048692 DOI: 10.1097/TP.0b013e3181c7dcc0]

54	 Chapuis AG, Paolo Rizzardi G, D’Agostino C, Attinger A, 
Knabenhans C, Fleury S, Acha-Orbea H, Pantaleo G. Effects 
of mycophenolic acid on human immunodeficiency virus 
infection in vitro and in vivo. Nat Med 2000; 6: 762-768 [PMID: 
10888924 DOI: 10.1038/77489]

55	 García F, Plana M, Arnedo M, Brunet M, Castro P, Gil C, Vidal 
E, Millán O, López A, Martorell J, Fumero E, Miró JM, Alcamí 
J, Pumarola T, Gallart T, Gatell JM. Effect of mycophenolate 
mofetil on immune response and plasma and lymphatic tis-
sue viral load during and after interruption of highly active 
antiretroviral therapy for patients with chronic HIV infection: 
a randomized pilot study. J Acquir Immune Defic Syndr 2004; 36: 
823-830 [PMID: 15213566 DOI: 10.1097/00126334-200407010-00
009]

56	 Tricot L, Teicher E, Peytavin G, Zucman D, Conti F, Calmus 
Y, Barrou B, Duvivier C, Fontaine C, Welker Y, Billy C, de 
Truchis P, Delahousse M, Vittecoq D, Salmon-Céron D. 
Safety and efficacy of raltegravir in HIV-infected transplant 
patients cotreated with immunosuppressive drugs. Am J 
Transplant 2009; 9: 1946-1952 [PMID: 19519819 DOI: 10.1111/
j.1600-6143.2009.02684.x]

57	 Baccarani U, Scudeller L, Adani GL, Viale P, Tavio M. Is 
liver transplantation feasible in patients coinfected with hu-
man immunodeficiency virus and hepatitis C virus? Liver 
Transpl 2012; 18: 744-745; author reply 746 [PMID: 22359380 
DOI: 10.1002/lt.23419]

58	 Righi E, Beltrame A, Bassetti M, Lindstrom V, Mazzarello G, 
Dentone C, Di Biagio A, Ratto S, Viscoli C. Therapeutical as-
pects and outcome of HIV/HCV coinfected patients treated 
with pegylated interferon plus ribavirin in an Italian cohort. 
Infection 2008; 36: 358-361 [PMID: 18642111 DOI: 10.1007/
s15010-008-7319-5]

59	 Tateo M, Roque-Afonso AM, Antonini TM, Medja F, Lombes 
A, Jardel C, Teicher E, Sebagh M, Roche B, Castaing D, Sam-
uel D, Duclos-Vallee JC. Long-term follow-up of liver trans-
planted HIV/hepatitis B virus coinfected patients: perfect 
control of hepatitis B virus replication and absence of mito-
chondrial toxicity. AIDS 2009; 23: 1069-1076 [PMID: 19417577 
DOI: 10.1097/QAD.0b013e32832c2a37]

60	 Soriano V, Miralles C, Berdún MA, Losada E, Aguirreben-
goa K, Ocampo A, Arazo P, Cervantes M, de los Santos I, 
San Joaquín I, Echeverria S, Galindo MJ, Asensi V, Barreiro 
P, Sola J, Hernandez-Burruezo JJ, Guardiola J, Blanco F, Mar-
tin-Carbonero L, García-Samaniego J, Nuñez M. Premature 
treatment discontinuation in HIV/HCV-coinfected patients 
receiving pegylated interferon plus weight-based ribavirin. 
Antivir Ther 2007; 12: 469-476 [PMID: 17668555]

61	 Castells L, Esteban JI, Bilbao I, Vargas V, Allende H, Ribera E, 
Piron M, Sauleda S, Len O, Pahissa A, Esteban R, Guardia J, 
Margarit C. Early antiviral treatment of hepatitis C virus re-
currence after liver transplantation in HIV-infected patients. 
Antivir Ther 2006; 11: 1061-1070 [PMID: 17302376]

62	 Antonini TM, Furlan V, Teicher E, Haim-Boukobza S, Se-
bagh M, Coilly A, Bonhomme-Faivre L, Peytavin G, Roque-
Afonso AM, Vittecoq D, Samuel D, Taburet AM, Duclos-
Vallée JC. Successful anti-hepatitis C virus therapy with 

5361 May 14, 2014|Volume 20|Issue 18|WJG|www.wjgnet.com

Baccarani U et al . Liver transplantation in HIV



telaprevir in an HIV/hepatitis C virus co-infected patient 
with a severe recurrence of hepatitis C virus infection on the 
liver graft. AIDS 2013; 27: 2655-2657 [PMID: 23939241 DOI: 
10.1097/01.aids.0000432539.77711.f4]

63	 Sulkowski MS, Sherman KE, Dieterich DT, Bsharat M, 
Mahnke L, Rockstroh JK, Gharakhanian S, McCallister S, 
Henshaw J, Girard PM, Adiwijaya B, Garg V, Rubin RA, 
Adda N, Soriano V. Combination therapy with telaprevir 
for chronic hepatitis C virus genotype 1 infection in patients 
with HIV: a randomized trial. Ann Intern Med 2013; 159: 86-96 
[PMID: 23685940]

64	 Lin C, Kwong AD, Perni RB. Discovery and development of 
VX-950, a novel, covalent, and reversible inhibitor of hepati-
tis C virus NS3.4A serine protease. Infect Disord Drug Targets 
2006; 6: 3-16 [PMID: 16787300 DOI: 10.2174/18715260677605
6706]

65	 Garg V, van Heeswijk R, Lee JE, Alves K, Nadkarni P, Luo X. 
Effect of telaprevir on the pharmacokinetics of cyclosporine 
and tacrolimus. Hepatology 2011; 54: 20-27 [PMID: 21618566 
DOI: 10.1002/hep.24443]

66	 van Heeswijk RP, Beumont M, Kauffman RS, Garg V. Re-
view of drug interactions with telaprevir and antiretrovirals. 
Antivir Ther 2013; 18: 553-560 [PMID: 23344266 DOI: 10.3851/
IMP2527]

67	 Wilby KJ, Greanya ED, Ford JA, Yoshida EM, Partovi N. A 

review of drug interactions with boceprevir and telaprevir: 
implications for HIV and transplant patients. Ann Hepatol 
2012; 11: 179-185 [PMID: 22345334]

68	 Flisiak R, Jaroszewicz J, Parfieniuk-Kowerda A. Emerging 
treatments for hepatitis C. Expert Opin Emerg Drugs 2013; 18: 
461-475 [PMID: 24102413]

69	 Fishman JA. Infection in solid-organ transplant recipients. 
N Engl J Med 2007; 357: 2601-2614 [PMID: 18094380 DOI: 
10.1056/NEJMra064928]

70	 Kawecki D, Chmura A, Pacholczyk M, Lagiewska B, Adadyn-
ski L, Wasiak D, Czerwinski J, Malkowski P, Sawicka-Grzelak 
A, Kot K, Wroblewska M, Rowinski W, Durlik M, Paczek L, 
Luczak M. Bacterial infections in the early period after liver 
transplantation: etiological agents and their susceptibility. Med 
Sci Monit 2009; 15: CR628-CR637 [PMID: 19946234]

71	 Anadol E, Beckebaum S, Radecke K, Paul A, Zoufaly A, 
Bickel M, Hitzenbichler F, Ganten T, Kittner J, Stoll M, Berg C, 
Manekeller S, Kalff JC, Sauerbruch T, Rockstroh JK, Spengler 
U. Orthotopic liver transplantation in human-immunodefi-
ciency-virus-positive patients in Germany. AIDS Res Treat 
2012; 2012: 197501 [PMID: 22900154]

72	 Nissen NN, Barin B, Stock PG. Malignancy in the HIV-in-
fected patients undergoing liver and kidney transplantation. 
Curr Opin Oncol 2012; 24: 517-521 [PMID: 22759736 DOI: 
10.1097/CCO.0b013e328355e0d7]

P- Reviewers: Lopez-Delgado JC, Nobuhiro O    
S- Editor: Ma YJ    L- Editor: A    E- Editor: Liu XM

5362 May 14, 2014|Volume 20|Issue 18|WJG|www.wjgnet.com

Baccarani U et al . Liver transplantation in HIV



© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 

315-321 Lockhart Road, Wan Chai, Hong Kong, China
Fax: +852-65557188

Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com

http://www.wjgnet.com

I S S N  1 0  0 7  -   9  3 2  7

9    7 7 1 0  07   9 3 2 0 45

1  8


	5353.pdf
	WJGv20i18-Back cover.pdf

