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ABSTRACT

Until recently, HIV-infected patients have been excluded from consideration for solid organ
transplantation. The relatively high mortality rates among HIV-infected transplant recipients
observed in the era prior to the use of highly active antiretroviral therapy (HAART), coupled
with long waiting times for cadaveric organs, made it difficult to support organ transplanta-
tion in this patient group. However, in response to the marked reductions in morbidity and
mortality associated with HIV infection, several transplant centers have developed pilot stud-
ies or revised their clinical criteria to allow transplantation in this group of patients. We de-
scribe two cases, one kidney and one liver transplant recipient, and review the major clini-
cal and research issues related to this topic. Reports of transplantations in the pre-HAART
era highlight two important findings. First, some HIV-infected transplant recipients did very
well with long survival periods. However, overall progression to AIDS and death appeared
accelerated. We recently reported on our preliminary experience with 45 selected transplant
recipients in the HAART era. One-year patient survival rates were similar to unmatched sur-
vival data from the United Network for Organ Sharing (UNOS) database. Median CD4* T-
cell counts remained stable in the follow-up period compared to pretransplant. HIV-1 RNA
nearly uniformly continued to be suppressed below the limits of detection. Preliminary data
are promising and support the current efforts to evaluate patient and graft survival among
HIV-infected transplant recipients and to explore the mechanisms underlying the many po-
tential complications of transplantation in this population.

INTRODUCTION development of highly active antiretroviral

therapy (HAART), coupled with long waiting

NTIL VERY RECENTLY, HIV-infected patients times for cadaveric organs, made it difficult to
have been excluded from consideration for support organ transplantation in this patient
solid organ transplantation. Organ allocation group. However, with widespread HAART use
policies attempt to balance the individual pa- and advances in the understanding of HIV
tient’s best interest, while distributing a scare pathogenesis, there have been marked reduc-
resource equitably and promoting the best out- tions in morbidity and mortality associated
comes in aggregate. The relatively high mor- with HIV infection. Immunosuppressive ther-
tality rates among HIV-infected transplant re- apy might even reverse some HIV-associated
cipients observed in the era prior to the immune dysfunction instead of causing accel-
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eration of HIV-associated CD4" T-cell deple-
tion because immune activation is believed to
contribute significantly to CD4* T-cell loss as
well as functional defects of the immune sys-
tem. In response to these developments in the
clinical care of HIV-infected patients and the
understanding of HIV pathogenesis, several
centers in North America and Europe have de-
veloped pilot studies or revised their clinical
criteria to allow transplantation in this group
of patients. A large multisite, National Insti-
tutes of Health (NIH)-sponsored study to eval-
uate the safety and effectiveness of solid organ
transplantation is in the final planning stages.
We report here on two cases, one kidney and
one liver transplant recipient, and review the
major clinical and research issues related to this
topic.

CASE 1

A 38-year-od man with a history of type 1 di-
abetes mellitus, hypertension, and renal failure
was referred for kidney transplantation. The
etiology of his renal failure was presumed to
be multifactorial because he did not have a re-
nal biopsy, and he had been managed with
maintenance dialysis for eleven years prior to
transplant. He received a “high-risk” cadaveric
renal allograft as part of a pilot study at the
University of California, San Francisco (UCSF).
A high-risk organ comes from a donor who is
serologically negative for HIV and hepatitis B
and C, but has engaged in behaviors that place
him or her at risk for being in the “window pe-
riod” for one or more of these infections. The
cadaveric renal transplant was uneventful and
the patient was discharged from the hospital 3
days posttransplant with a serum creatinine of
1.8 mg/dL. His maintenance immunosuppres-
sive medications included prednisone, cy-
closporine and mycophenolate mofetil (Cell-
cept®, Hoffman-LaRoche Inc., Nutley, NJ). Two
weeks posttransplant he developed a wound
infection that resolved after a series of three
courses of oral antibiotics. Three-and-a-half
months posttransplant the patient developed
large, diffuse, and persistent warts on his
hands. At 9 months posttransplant he was di-
agnosed with a squamous cell carcinoma of the
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skin on his head and the mycophenolate
mofetil dose was reduced. There was no re-
currence of the skin cancer and the warts re-
solved. Additional complications occurring af-
ter the first year posttransplantation included
worsening glucose intolerance requiring in-
creased insulin use, hypertension, and an
episode of bacterial sinusitis responsive to an-
tibiotics. At two-and-a-half years posttrans-
plant the patient developed acute type 1 re-
jection that was treated with intravenous
corticosteroids and substitution of tacrolimus
(Prograf®, Fujisawa Healthcare, Inc., Deerfield,
IL) for cyclosporine. Finally, on anal colpo-
scopic examination at 2% years posttransplan-
tation he was noted to have developed a new
discrete lesion with histopathology consistent
with a high-grade squamous intraepithelial
neoplasia.

The pretransplant CD4* T-cell count was 407
cells per cubic millimeter and the HIV-1 plasma
RNA was less than 50 copies per milliliter on
lamivudine, abacavir, and nelfinavir. In the
posttransplant period, the CD4" T-cell count
ranged from a low of 249 cells per cubic mil-
limeter 4 days after the institution of antirejec-
tion therapy to 1011 cells per cubic millimeter.
He underwent 12-hour pharmacokinetic eval-
uation of nelfinavir and cyclosporin levels at
multiple time points posttransplant as part of
a study protocol evaluating drug interactions.

At month 12 the nelfinavir C,j; and AUC lev- <«

els were significantly lower than levels re-
ported in the literature to be efficacious. On re-
view of these data, the patient’s antiretroviral
regimen was modified at 15 months posttrans-
plant with replacement of nelfinavir with
nevirapine, based on stable nevirapine levels
observed in other transplant patients. Cy-
closporine dose requirements increased as ex-
pected with this change and worsening hyper-
tension was noted after these medication
adjustments. The plasma HIV-1 RNA levels re-
mained below the limits of detection through-
out the posttransplant period.

CASE 2

A 49-year-old man with end-stage liver dis-
ease secondary to chronic hepatitis B infection
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(HBV) underwent living donor liver trans-
plantation. He was transplanted under a pilot
study protocol at UCSF and was discharged af-
ter an uncomplicated 10-day postoperative
course. The patient had received lamivudine as
part of his antiretroviral therapy for approxi-
mately 5 years prior to transplantation and had
evidence of lamivudine-resistant HBV relected
by an elevated HBV DNA and elevated amino-
transferase levels pretransplantation. He re-
ceived adefovir dipivoxil initially from a
“friend” prior to the drug by the Food and
Drug Administration (FDA) approval, and sub-
sequently as part of a HBV clinical trial. He re-
ceived adefovir for 7 months prior to liver
transplantation; pretransplant HBV DNA lev-
els were undetectable at the time of the opera-
ton. Posttransplant anti-HBV therapy included
adefovir, lamivudine, and monthly infusions of
high-dose hepatitis B immune globulin (HBIg).
HBV DNA remained undetectable throughout
the posttransplant period. At 14 months post-
transplant he underwent repair of an incisional
hernia. Low-grade anal intraepithelial neopla-
sia was noted on anal colposcopic examination
pretransplant and remained stable without ev-
idence of progression at 1 year posttransplant.

The pretransplant CD4* T-cell count was 439
cells per cubic millimeter. The posttransplant
CD4* T-cell counts have ranged from 305 to 700
cells per cubic millimeter and at 20 months
posttransplant it was 405 cells per cubic mil-
limeter. At the time of transplant, his antiretro-
viral regimen included didanosine, stavudine,
saquinavir, and delavirdine. At 5 months post-
transplant the transaminases were mildly ele-
vated at two times the upper limit of normal. A
liver allograft biopsy showed moderate hepatic
steatosis with macrovesicular fatty changes and
no evidence of rejection. One month later the
transaminases increased to three to four times
the upper limit of normal and the serum lactic
acid level was 4.4. The antiretroviral regimen
was modified to replace didanosine and stavu-
dine with azidothymidine. At the same time the
protease inhibitor and non-nucleoside reverse
transcriptase inhibitors were changed to nelfi-
navir and nevirapine. With these medication
changes, serum aminotransferase and lactic
acid levels normalized and have subsequently
remained in the normal range.

ETIOLOGY, PREVENTION, AND
MANAGEMENT OF END-ORGAN
DISEASE IN HIV-INFECTED PATIENTS

End-stage renal disease

HIV-infected patients experience renal fail-
ure for the same reasons that uninfected pa-
tients do (i.e. as a result of diabetes, hyperten-
sion and other systemic and primary renal
diseases).! In addition, medications commonly
used in the management of HIV infection can
cause direct (e.g., indinavir) or allergic inter-
stitial disease (e.g., sulfa-containing agents
such as trimethoprim-sulphamethaoxazole)
that may affect the kidneys. HIV-associated
nephropathy, or HIVAN, is a common and po-
tentially reversible cause of renal failure seen
predominantly in African American men with
HIV infection.? Hepatitis C virus (HCV)-asso-
ciated membranoproliferative glomeruloneph-
ritis and cryoglobulinemia, hepatitis B virus
(HBV) associated membranous glomerulon-
ephritis, as well as a number of less common
processes, can also cause renal failure.!

It is very important to identify early changes
in creatinine, to evaluate the urine for protein
and hematuria, to attempt to modify poten-
tially reversible causes of renal insufficiency,
and to obtain a renal biopsy to assist in diag-
nosis if conservative measures fail to reverse
early renal insufficiency. HIVAN is an area of
active investigation in the context of trans-
plantation because of the concern that it might
recur in the posttransplant setting, with the hy-
pothesis that genetic factors in the recipient
and/or donor may play a role in recurrent dis-
ease. Unfortunately, many patients referred for
renal transplantation evaluation are on dialy-
sis and have not undergone a kidney biopsy.
Kidney biopsy is potentially dangerous in the
uremic patient and, consequently, is not often
performed at this disease stage. In addition,
histologic evaluation of end-stage kidney is
rarely of diagnostic benefit, making the ques-
tion about HIVAN recurrence challenging to
address.

End-stage liver disease

HIV-infected patients have a high prevalence
of HBV and HCV coinfection because of their
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shared routes of infection.® All HIV-infected
patients should be screened for evidence of
prior exposure to HBV (hepatitis B surface an-
tibody and/or antibody to core antigen) or
chronic infection (hepatitis B surface antigen
and/or antibody to core antigen). Patients lack-
ing evidence of prior exposure to HBV (i.e. hep-
atitis B surface and core antibody and hepati-
tis B surface antigen all negative) should be
vaccinated against hepatitis B virus. All HCV-
infected patients who are not immune to hep-
atitis A, whether they receive a transplant or
not, should be vaccinated against hepatitis A.

Early detection of chronic hepatitis B infec-
tion provides the opportunity for treatment
and may potentially prevent liver disease pro-
gression and the need for liver transplantation.
The main challenge in the treatment of patients
with HBV and HIV coinfections is minimizing
the development of hepatitis B drug resistance.
Lamivudine is very active against HBV, how-
ever, resistance to lamivudine starts to develop
after 6 months of therapy and increases with
longer treatment duration.* Adefovir and teno-
fovir are active against both lamivudine sensi-
tive and resistant HBV, however, long-term
data on the efficacy of tenofovir are lacking.5®
No studies have evaluated the relative efficacy
of initial mono-agent versus dual-agent ther-
apy. However, if the lessons learned in the
management of HIV infection apply to HBV,
use of multiple agents in initial therapy may
result in reduced development of drug resis-
tance. The use of lamivudine as HIV therapy in
a patient with unrecognized HBV infection
could limit future HBV treatment choices be-
cause of the development of hepatitis B viral
resistance to lamivudine. Likewise, the treat-
ment of HBV infection with lamivudine, ade-
fovir or tenofovir alone in a coinfected patient
will lead to HIV resistance to the agents used,
thereby compromising future anti-HIV treat-
ment options. Both hepatologists and HIV
treatment providers must be aware of these is-
sues. In our early experience at UCSF, we have
been able to control posttransplant HBV repli-
cation and prevent recurrent disease in patients
with the use of antiviral agents (lamivudine,
adefovir and/or tenofovir) combined with
high-dose hepatitis B immunoglobulin (un-
published data).
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Hepatitis C is a more common coinfection in
the HIV-infected populations than HBV and it
has been associated with increasing hospital-
ization and deaths rates as the incidence of life-
threatening opportunistic complications de-
creases and patients live longer.” HCV and HIV
coinfection presents a number of challenges in
the transplant setting. First, HIV infection is as-
sociated with and accelerated progression of
HCYV disease.? In addition, hepatitis C infection
persists posttransplantation in all transplant re-
cipients, with a variable rate of disease pro-
gression ranging from the unusual fulminant
hepatitis to the more common progressive hep-
atitis. The treatments available for HCV infec-
tion are less often effective and much more dif-

ficult to tolerate that anti-HBV therapies. Thus, <«

HIV-HCV coinfected transplant recipients may
be at greater risk of progressive liver disease
and recurrent cirrhosis following transplanta-
tion. Some patients, however, may do as well
as HCV monoinfected transplant recipients.
Preliminary data provide conflicting results on
the outcome of HCV/HIV coinfected patients;
studies to date are limited by small sample
size.®10

SOLID ORGAN TRANSPLANTATION IN
HIV-INFECTED PATIENTS:
OUTCOMES DATA

Pre-HAART era

Prior to widespread screening of potential
transplant recipients, donors, and the blood
supply, a few patients received solid organ
transplants without identification of their pos-
itive HIV status. Others acquired HIV infection
in the peritransplant period as a result of HIV
transmission from either the allograft or from
blood products. Many case reports and several
case series describe such experiences in the pre-
HAART era. These data are impossible to gen-
eralize to the current treatment era due to
improvement in the management of HIV, the
prevention and treatment of opportunistic
complications, and improvement in immuno-
suppressive medications. In addition, CD4" T-
cell counts, HIV-1 plasma RNA levels and
antiretroviral treatment regimens are often un-
reported in the pretransplant and/or post-

Q)
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transplant period. Despite these limitations,
these reports highlight two important findings.
First, some HIV-infected transplant recipients
did very well with excellent functional status
and long survival periods.'*'?2 However, over-
all progression to AIDS and death appeared ac-
celerated compared to nontransplant recipi-
ent. 1314

HAART era

There are only four published case reports or
case series reporting outcomes of HAART-
treated transplant recipients in the United
States and Europe.®15-17 We recently reported
on our preliminary experience with 45 selected
transplant recipients in a review article in
Transplantation.'® Both prospective and retro-
spective patients were included; the inclusion
criteria were similar in both groups. Twenty-
six patients received kidney transplants and 19
received liver transplants. The median follow-
up period was 314 days. One-year patient sur-
vival rates were similar to unmatched survival
data from the United Network for Organ Shar-
ing (UNOS) database. Two kidney recipients
died, both from bacterial infections. A death
from Staphylococcal sepsis occurred 6 months
after organ failure, return to dialysis and ces-
sation of immunosuppressive therapy. The sec-
ond death results from ischemic bowel and En-
terococcal sepsis. Four liver recipients died. One
died of postoperative pancreatitis. Another
died of recurrent HCV infection and cirrhosis
at 15 months posttransplantation. One patient
experienced a severe rejection episode after his
HIV provider stopped his protease inhibitor
(PD-containing HAART regimen for a “drug
holiday.” With the dramatic reduction in Pl-in-
duced p450 enzyme inhibition, his calcineurin
inhibitor drug level decreased dramatically
leaving him vulnerable to rejection. The last pa-
tient died of an unusual fungal infection, Rhi-
zopus cavernous sinusitis, at 4% years post-
transplant. There were only two opportunistic
complications in this cohort. One was a case of
cytomegalovirus (CMV) esophagitis in a pa-
tient with a CD4™" T-cell count of 200, suggest-
ing this was a transplant complication rather
than an HIV-related complication. The second
was a very mild case of Candida esophagitis in a

diabetic kidney transplant recipient. Median
CD4* T-cell counts remained stable in the fol-
low-up period compared to pretransplant.
HIV-1 RNA nearly uniformly continued to be
suppressed below the limits of detection. These
promising data are limited by the combined
prospective and retrospective nature of the
data collection, the relatively small number of
subjects evaluated, and the short duration of
follow-up. Longitudinal studies with longer
follow-up periods are clearly needed.

COMPLICATIONS: INFECTIONS,
METABOLIC DISTURBANCES, AND
ORGAN REJECTION

Although the primary focus of most studies
has been on patient and graft survival, CD4*
T-cell count and HIV-1 RNA changes and the
incidence of opportunistic complications, the
cases we presented here illustrate the many
complications that can occur in transplant re-
cipients, some of which may be further com-
plicated by HIV infection, common coinfec-
tions, and drug toxicities. HIV-infected patients
are at increased risk for bacterial infections in-
cluding community acquired pneumonia, si-
nusitis, and bronchitis, and thus may be more
susceptible to posttransplant bacterial soft-tis-
sue infections. Solid organ transplantation is
complicated by systemic illnesses caused by a
number of viral infections, including the hu-
man herpesviruses CMV and human her-
pesvirus 8° and human papilloma virus
(HPV). Future studies will need to evaluate the
incidence of these diseases in HIV-infected
transplant recipients compared to HIV-nega-
tive transplant recipients, and will explore
markers of viral evolution and host immune re-
sponse to try to elucidate the mechanisms un-
derlying any observed clinical manifestations
of disease.

Metabolic side effects are associated with spe-
cific antiretroviral classes (e.g., diabetes and
lipid abnormalities) and possibly with HIV in-
fection itself (e.g., abnormal bone metabolism
with avascular necrosis, osteoporosis and o0s-
teopenia). Immunosuppressive drugs share
some of these side effects. The cumulative effect
of HIV, its treatments, and immunosuppression
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on the incidence and severity of these metabolic
events in unknown. Determining the causative
agent of the observed metabolic disturbance,
and deciding how to balance the risks and ben-
efits of each medications, is a significant chal-
lenge in the management of patients on both im-
munosuppressive and antiretroviral agents.

It was initially hypothesized that rejection
would be uncommon in HIV-infected trans-
plant recipients and that they would require
significantly less intense anti-rejection therapy
since they already had HIV-associated T-cell
associated immune deficits. The opposite may,
in fact, be the case. In the multisite data set dis-
cussed above, 38% of kidney recipients experi-
enced a rejection episode.'® There does not ap-
pear to be a specific pattern to the timing of
rejection occurrence nor to the type (tubular,
vascular or humeral) of rejection seen.

MEDICATION INTERACTIONS AND
DRUG SIDE EFFECTS

As anticipated based upon the relative po-
tency of p450 enzyme inhibition associated
with the Pl and non-nucleoside reverse tran-
scriptase inhibitor (NNRTI) classes, these anti-
retroviral (ARV) classes require calcineurin in-
hibitor dose adjustments to achieve therapeutic
and nontoxic drug levels.?° While the NNRTIs
require minimal to no adjustments in the dose
of calcineurin inhibitors, Pl coadministration
requires significant but fairly predictable ad-
justments in the dose of calcineurin inhibitors.
Changes in hepatic metabolism of the ARVs are
anticipated after transplant in the liver recipi-
ent. Medication side effects can be challenging
to manage, and the use of HCV therapy post-
transplant adds an additional layer of com-
plexity and may increase the risk of potentially
life-threatening side effects.

ORGAN DONOR OPTIONS

The wait for cadaveric donor organs can be
long, commonly several years for a kidney. Ca-
daveric livers are allocated based on need us-
ing a system called MELD (Model of End-Stage
> Liver Disease) that includes bilirubin, INR, and
creatinine. The use of donor organs for HIV-in-
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fected patients with liver, kidney, or other or-
gan failure is controversial. Some have argued
that it is unethical to remove cadaveric organs
from the donor pool for use in an experimen-
tal setting, or for use in a group of patients who
have traditionally been excluded from trans-
plant because of concerns about poor outcome.
Transplant surgeons and physicians have an
obligation to utilize organs in manner that re-
sults in optimal outcomes. There is concern
about using organs for indications for which
there is limited information on long-term out-
come because this use results in the loss of that
organ for a patient who might have had a bet-
ter outcome. Previous expansion of eligibility
criteria for transplantation has been experi-
mental by definition and medical progress dic-
tates that this experimentation continues. Not
long ago, HBV infection was considered an ab-
solute contraindication for liver transplanta-
tion in many programs because of the severity
of reinfection of the allografts and poor graft
and patient survival. Likewise, hepatocellular
carcinoma is a relatively new indication for
liver transplantation. Thus, it can be argued
that as long as HIV-infected patients are expe-
riencing reductions in mortality it would be un-
ethical to withhold this option in the absence
of evidence that it is either unsafe or ineffec-
tive.?! Similar concerns are expressed regard-
ing living organ donation to this patient pop-
ulation. In this case, the question is: Is it ethical
to subject a donor to risk when the outcome in
the recipient is unknown? For this reason, dis-
closure of HIV status of the potential recipient
and the unknown outcome of transplantation
in the context of HIV infection to the potential
living donor is required so that donors can
make informed choices about organ donation.

CONCLUSION

Preliminary data are very promising and
support the current efforts to evaluate patient
and graft survival among HIV-infected trans-
plant recipients and to explore the mechanisms
underlying the many potential complications
of transplantation in this population. Informa-
tion regarding the NIH-sponsored multisite
U.S. study of organ transplantation in HIV in-
fected patients is available at www.emmes.com
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(click on Project Directory to find details about
participating sites, patients referral, and cur-
rent studies).
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