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Abstract

BACKGROUND—The outcome of kidney transplantation in human immunodeficiency virus
(HIV)—positive patients who receive organs from HIV-negative donors has been reported to be
similar to the outcome in HIV-negative recipients. We report the outcomes at 3 to 5 years in HIV-
positive patients who received kidneys from HIV-positive deceased donors.

METHODS—We conducted a prospective, nonrandomized study of kidney transplantation in
HIV-infected patients who had a CD4 T-cell count of 200 per cubic millimeter or higher and an
undetectable plasma HIV RNA level. All the patients were receiving antiretroviral therapy (ART).
The patients received kidneys from deceased donors who tested positive for HIV with the use of
fourth-generation enzyme-linked immunosorbent assay at the time of referral. All the donors
either had received no ART previously or had received only first-line ART.

RESULTS—From September 2008 through February 2014, a total of 27 HIV-positive patients
underwent Kidney transplantation. Survivors were followed for a median of 2.4 years. The rate of
survival among the patients was 84% at 1 year, 84% at 3 years, and 74% at 5 years. The
corresponding rates of graft survival were 93%, 84%, and 84%. (If a patient died with a
functioning graft, the calculation was performed as if the graft had survived.) Rejection rates were
8% at 1 year and 22% at 3 years. HIV infection remained well controlled, with undetectable virus
in blood after the transplantation.

CONCLUSIONS—K:idney transplantation from an HIV-positive donor appears to be an
additional treatment option for HIV-infected patients requiring renal-replacement therapy.

South africa has one of the highest incidences of human immunodeficiency virus (HIV)
infection in Africa. The rollout of antiretroviral therapy (ART) in South Africa has been
tremendously successful in extending the lives of HIV-infected persons. Consequently, more
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patients who would have died before the availability of ART are now receiving a diagnosis
of HIV-associated nephropathy.!

The rates of disease progression and death in the population of HIV-positive patients with
chronic kidney disease can be modified by ART, which reduces the risk of advanced chronic
kidney disease among patients with HIV-associated nephropathy by approximately 60%.2:3
It has been estimated that the prevalence of chronic kidney disease among HIV-infected
patients receiving treatment is between 8% and 22%%~'; among untreated patients, it is
estimated to be between 20% and 27%.8.° Confronted with a high burden of HIV disease
and limited resources, South Africa faces considerable challenges in providing renal-
replacement therapy for the large numbers of HIV-infected persons in whom chronic kidney
disease will develop during their lifetime.

State-funded renal-replacement programs in South Africa have limited resources. Previous
reports showing that outcomes in HIV-infected recipients who have received a transplant are
equivalent to those in other high-risk candidates argued strongly for HIV-infected patients to
be considered as candidates for renal-replacement therapy.10-11 In 2008, in response to the
clinical need of our patients and to the fact that HIV infection was considered to be a
contraindication to acceptance for dialysis treatment or receipt of a kidney from an HIV-
seronegative donor, we performed four renal transplantations in HIV-positive recipients
using kidneys from HIV-infected donors. The preliminary results from that study showed
100% graft survival and patient survival at 1 year.12 We now present the 5-year follow-up for
these patients and for additional recipients in the HIV-positive—to—HIV-positive renal
transplantation program at Groote Schuur Hospital, Cape Town.

METHODS
STUDY DESIGN

Groote Schuur Hospital has an active transplantation program in which 50 to 70 kidneys per
year are transplanted from living donors (30% of the donors) or deceased donors (70%).
After the first four transplantations from HIV-positive donors to HIV-positive recipients in
2008, the human research ethics committee of the Faculty of Health Sciences at the
University of Cape Town undertook a comprehensive review of the inclusion criteria,
protocols, and procedures for HIV-positive renal-replacement therapy at Groote Schuur
Hospital. In 2009, the exclusion of HIV-infected persons from the general renal-
transplantation program was lifted, enabling HIV-infected patients to receive kidneys from
HIV-negative donors or from HIV-positive deceased donors as part of the present study.

All HIV-positive patients with stage 5 chronic kidney disease who underwent transplantation
with kidneys from HIV-positive donors at our hospital from September 2008 through
February 2014 were included in this study; the protocol is available with the full text of this
article at NEJM.org. The University of Cape Town human research ethics committee granted
permission for this prospective, nonrandomized study, and all the participants provided
written informed consent. The data were gathered and analyzed by the first author, who also
designed the study. The first author wrote the initial draft of the manuscript, with
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contributions from all the authors. The first author vouches for the integrity of the data and
the analyses reported and for the fidelity of the study to the protocol.

ECTION

All HIV-infected deceased donors who were referred to the transplantation unit at Groote
Schuur Hospital from September 2008 through February 2014 were included in the study.
No living donors who were HIV positive were included. HIV infection was confirmed by
means of a fourth-generation enzyme-linked immunosorbent assay (Abbott). Exclusion
criteria were severe sepsis, active tuberculosis, World Health Organization stage 4 HIV
disease (i.e., the acquired immunodeficiency syndrome [AIDS]), and abnormal renal
function as assessed by the serum creatinine level, the presence of proteinuria on the urine
dipstick, or a microalbumin-to-creatinine ratio of more than 300 pg of microalbumin per
milligram of creatinine (3.4 mg of microalbumin per millimole of creatinine). Eligible
donors either had not received ART or had been receiving first-line treatment and had an
undetectable plasma HIV RNA viral load (<50 copies per milliliter). All donor kidneys were
biopsied at the time of implantation.

Recipients were eligible for inclusion in the study if they had been receiving ART for at least
3 months, had a CD4 T-cell count of 200 per cubic millimeter or higher, and had an
undetectable plasma HIV RNA viral load. Patients with a history of any opportunistic
infection that suggested a diagnosis of AIDS were excluded. Patients with a history of drug-
sensitive tuberculosis were included only after completing a minimum of 6 months of
treatment.

IMMUNOSUPPRESSION

The immunosuppression protocol included antibody induction therapy with rabbit
antithymocyte globulin (either Thymoglobuline [Sanofi], at a dose of 1.5 mg per kilogram of
body weight per day for 5 to 7 days, or ATG [Fresenius], at a dose of 2 mg per kilogram per
day for 5 to 7 days). Maintenance immunosuppression therapy that was started on day 0
included prednisone at a dose of 30 mg per day, tapered to 5 mg per day over the first 3
months after transplantation, mycophenolate mofetil at a dose of 1 g every 12 hours, and
tacrolimus, which was started at 0.2 mg per kilogram, with the dose adjusted to maintain
trough levels between 6 and 8 ng per milliliter. All drugs were purchased at full cost.

ANTIRETROVIRAL THERAPY

Initially, patients who were receiving nonnucleoside reverse-transcriptase inhibitor
(NNRTI)-based first-line ART were switched to a boosted protease inhibitor—based regimen
at the time of transplantation to increase the likelihood that donor-virus replication would be
suppressed by the recipient’s ART regimen and to lower the costs of immunosuppressive
therapy by taking advantage of the inhibitory effect of ritonavir on calcineurin-inhibitor
metabolism. After concerns were raised regarding calcineurin-inhibitor toxicity as a cause of
graft dysfunction, recipients continued to receive their pretransplantation ART regimen.
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PROPHYLAXIS FOR OPPORTUNISTIC INFECTIONS

Prophylaxis for opportunistic infections included lifelong therapy with trimethoprim—
sulfamethoxazole, at a daily dose of 80 mg of trimethoprim and 400 mg of
sulfamethoxazole, to prevent pneumocystis pneumonia, and isoniazid, at a dose of 300 mg
once daily, to prevent Mycobacterium tuberculosis infection. Valganciclovir, at a dose of 900
mg daily (adjusted according to renal function), was administered for the first 3 months to
prevent cytomegalovirus reactivation.

CLINICAL PROTOCOL

Demographic data and medical and ART history were recorded, and baseline plasma HIV
RNA level (according to the Abbott RealTime assay) and CD4 T-cell count were measured.
All the patients received induction therapy, and no adverse events occurred while the drug
was being infused. After transplantation, recipients were followed weekly for the first month
and monthly thereafter. Urea and creatinine levels were monitored monthly, and the CD4 T-
cell count and plasma HIV RNA viral load were monitored every 6 months. Allograft
biopsies were performed if there was clinical suspicion of acute rejection (an increased
creatinine level, low urine output, or pain over the graft site); in addition, allograft biopsies
were performed yearly as part of routine follow-up. Acute rejection was defined according
to the Banff classification,13 and all rejection episodes required confirmation by means of
biopsy. One histopathologist reviewed all the biopsies.

The final follow-up date for each patient was March 15, 2014, or the date of death, for the
analysis of patient survival, or the date of resumption of dialysis treatment at any time after
the first week after the transplantation, for the analysis of graft survival. Patient survival and
graft survival were the primary outcomes.

STATISTICAL ANALYSIS

RESULTS

DONORS

Estimates of patient survival, graft survival, and allograft rejection were calculated with the
use of the Kaplan—Meier method. Associated 95% confidence intervals were calculated with
the use of Greenwood’s formula. The analysis of graft survival followed individual kidney
transplants until graft failure occurred. If a patient died with a functioning graft, the
calculation was done as if the graft had survived.

During the study period, a total of 23 HIV-infected potential donors (22 persons who were
brain-dead and 1 after circulatory death) were referred to the transplantation unit at the
Groote Schuur Hospital. A total of 6 potential donors were excluded because of
opportunistic infection, presence of proteinuria, or tuberculosis. Two potential donors were
excluded because they presented during the period in 2009 when program was stopped for
review by the University of Cape Town research ethics committee.

The median age of the donors was 30 years (interquartile range, 23 to 36). A total of 13
donors had died as a result of trauma, 1 from an overdose, and 1 from a subarachnoid
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hemorrhage. Only 1 donor had been receiving ART (NNRTI-based first-line therapy); all the
other donors in the study had not received ART previously.

RECIPIENTS

The baseline characteristics of the 27 recipients are shown in Table 1. Survivors were
followed for a median of 2.4 years. The median age of the recipients was 41 years
(interquartile range, 34 to 46), and nearly all were ethnically African. HIV-associated
nephropathy was the predominant cause of chronic kidney disease. The median CD4 T-cell
count at the time of transplantation was 288 cells per cubic millimeter (interquartile range,
236 to 511). The percentage of recipients with hepatitis B virus coinfection mirrored the
seroprevalence of hepatitis B virus in the general population. A total of 16 patients were
receiving NNRTI-based regimens, and 11 were receiving protease inhibitor—based ART.

PATIENT AND GRAFT SURVIVAL

Two of the 27 patients had delayed graft function and required dialysis during the first week
after the transplantation: 1 patient had graft failure owing to venous thrombosis on day 1,
and the second patient had acute severe antibody-mediated rejection, refractory to
plasmapheresis, which necessitated removal of the graft after 2 weeks. The remaining 25
patients had well-functioning grafts at the end of the first year. The median serum creatinine
level at 1 year was 111.5 pmol per liter (1.3 mg per deciliter; interquartile range, 102.5 to
117.0 umol per liter [1.2 to 1.3 mg per deciliter]).

The cumulative rates of survival were 84% (95% confidence interval [Cl], 62 to 94) at 1 year
and 3 years and 74% (95% ClI, 45 to 89) at 5 years. The rate of graft survival at 1 year was
93% (95% Cl, 74 to 98), decreasing to 84% at 3 years and 5 years (95% ClI, 55 to 95). Data
regarding graft survival were censored at the time of a patient’s death (Fig. 1). The rate of
survival among the HIV-negative patients in our unit was 91% (95% ClI, 63 to 92) at 1 year
and 85% (95% ClI, 56 to 94) at 5 years. The rate of graft survival among HIV-negative
patients was 88% (95% CI, 47 to 91) at 1 year and 75% (95% Cl, 43 to 88) at 5 years.

Five patients died after transplantation, despite a functioning graft. One patient died of
sepsis and acute pancreatitis within 1 month after transplantation. Escherichia coliand
pseudomonas species were identified from the blood culture. A duodenal perforation was
found at the postmortem examination. A second patient died of a myocardial infarction 6
months after transplantation. Two patients died of infection during the first year after
transplantation. One patient had recurrent gram-negative septicemia due to recurrent urinary
tract infections and died in the hospital after he was infected by a nosocomial pathogen (a
carbapenem-resistant Klebsiella pneumoniae was identified on blood culture). The second
patient had rapidly progressive, invasive pulmonary aspergillosis. Surgical resection was
attempted, but the patient’s condition did not improve, and the patient died during the same
admission. The fifth patient died of pulmonary squamous-cell carcinoma 5 years after
transplantation.
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ALLOGRAFT REJECTION

Eight episodes of biopsy-confirmed acute rejection occurred in five patients (Table 2).
Rejection rates were 8% at 1 year and 22% at 3 years. Six of the eight episodes of acute
rejection were successfully reversed either by treatment with glucocorticoids or rabbit
antithymocyte globulin (ATG or Thymoglobuline) or by means of plasmapheresis. Two
recipients had graft failure — the first at 1 week after transplantation owing to acute severe
antibody-mediated rejection, and the second after 2 years, with the graft showing features of
chronic scarring and fibrosis.

PHARMACOLOGIC INTERACTIONS

The type of ART regimen had a considerable effect on the tacrolimus dosing. The median
tacrolimus dose required to maintain a trough level of 6.0 to 8.0 mg per milliliter was 0.5 mg
every 7 to 10 days in patients receiving a protease inhibitor—based regimen, as compared
with 8.5 mg (interquartile range, 7.0 to 11.0) every 12 hours in patients receiving an NNRTI-
based regimen. The side effects of tacrolimus were more pronounced in patients receiving a
protease inhibitor—based regimen, five of whom had evidence on renal biopsy of calcineurin-
inhibitor toxicity.

PROGRESSION OF HIV DISEASE

CD4 T-Cell Counts—The median CD4 T-cell count decreased to 179 per cubic millimeter
(interquartile range, 141 to 310) in the first year after transplantation, as would be expected
with induction therapy. There was a slow increase in the CD4 T-cell count, with a median of
386 cells per cubic millimeter (inter-quartile range, 307 to 484) at 3 years in the nine
patients who reached this stage.

Viral Load—All the recipients in the study were receiving suppressive ART before surgery,
with a plasma viral load of less than 50 copies per milliliter. The HIV viral load remained
suppressed during the follow-up period in all the recipients.

Histologic Findings—In three patients, routine renal biopsies revealed changes typical of
early HIV-associated nephropathy that had not been present in the baseline biopsy
specimens. Prominent epithelial cells and protein reabsorption granules within the
podocytes, as well as central mesangial sclerosis and increased cells in the mesangium, were
noted. None of these patients had clinically significant renal impairment or clinically
significant proteinuria, and none required dialysis.

Infection and Hospitalization—Episodes of infection that responded to treatment but
required hospitalization included six episodes of urinary tract infection in three patients
(Patients 3, 12, and 16), osteomyelitis (Patient 1), respiratory infection (Patient 3),
gastroenteritis (Patients 3, 16, 23, and 25), meningitis (Patient 3), and extrapulmonary
tuberculosis (Patient 10). Three patients had infectious complications that led to death —
pancreatitis (£. coliand pseudomonas species identified on blood culture in Patient 22),
urinary tract infection complicated by carbapenem-resistant K. pneumoniae sepsis (Patient
24), and rapidly progressive, invasive pulmonary aspergillosis (Patient 19).
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DISCUSSION

This study showed the medium-term follow-up of renal transplantation from an HIV-positive
donor to an HIV-positive recipient. The cumulative rates of patient survival, 84% at 1 year
and 74% at 5 years, and the cumulative rates of graft survival, 93% at 1 year and 84% at 5
years, compare favorably with reported outcomes in HIV-positive patients who received
kidneys from HIV-negative donors.14

The proposal to perform transplantations from an HIV-positive donor to an HIV-positive
recipient raised several ethical issues, the first being the validity of the informed consent.
When the program commenced in 2008, these patients did not have an alternative option,
because they had been denied access to dialysis. Therefore, the choice was between an
experimental, unproven procedure and death. Even though HIV-positive patients became
eligible for dialysis after the first year of the study, dialysis is still a very limited resource,
and many patients with stage 5 chronic kidney disease, regardless of HIV status, do not

qualify.

Another major concern was the risk of transmission of a new and possibly resistant strain of
HIV from donor to recipient. Previous reports on the outcomes in HIV-positive patients with
superinfection transmitted through sexual intercourse have yielded conflicting results, owing
in part to methodologic difficulties.1>:16 The patients in our study did not have any increase
in plasma viral load, and viral levels remained undetectable after transplantation. Detailed
viral sequencing in this group of patients is being undertaken currently. The appearance in
the postoperative biopsy specimens of early changes related to HIV-associated nephropathy
that were not present in the baseline biopsy specimens was of some concern. Findings from
a recent study showed the presence of HIV type 1 in podocytes and tubular cells after
transplantation of a kidney from an HIV-negative donor into an HIV-positive recipient.1’
Infection in podocytes was associated with a faster decline in graft function than infection in
tubular cells, possibly related to poorer glomerular filtration rates.

In South Africa, transmitted resistance to first-line antiretroviral drugs is low (approximately
5% of HIV-infected persons).18-22 Most patients who do not have a response to second-line
ART do not have a response because of nonadherence to therapy, and 67% have wild-type
virus on genotyping.23-24 All the donors in this study had not received ART previously or
had received first-line treatment with no known virologic evidence that would suggest
resistance, although genotyping was not performed.

The interaction between antiretroviral drugs and immunosuppressants introduced several
challenges. Ritonavir, an inhibitor of the cytochrome P-450 enzyme system, decreases the
metabolism of tacrolimus by competing with it for the cytochrome P-450 enzyme-binding
site, resulting in an increase by a factor of 5 in the area under the curve and a decrease of
more than 80% in the clearance of tacrolimus.2526 The patients receiving this drug
combination required minimal doses of tacrolimus every 7 to 10 days to maintain adequate
levels. In contrast, the NNRTIs, efavirenz and nevirapine, induce the cytochrome P-450
enzyme system, which increases the metabolism of tacrolimus, necessitating much higher
doses (median, 8.5 mg twice daily) to maintain adequate levels.
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Both types of therapies have cost implications because there is a substantial cost saving with
the former. The patients who received the inhibitors of the cytochrome P-450 enzyme had a
higher incidence of calcineurin-inhibitor nephrotoxic effects, as observed on biopsy, than did
the patients who received NNRTIs. Therefore, a decision was made after the first 2 years of
the study not to switch patients routinely to protease inhibitors after transplantation if the
patients were to be switched only in the interest of cost.

Rejection rates among HIV-positive recipients have been reported to be approximately 3
times as high as those among HIV-negative recipients.14 The reason for this is still unknown,
but two hypotheses have been proposed. The first is immune dysregulation, and the second
is the challenge of managing the drug interactions between the antiretroviral agents and
immunosuppressants.2” Owing to the very high risk of rejection, all the patients in this study
received induction therapy with anti—T-cell antibody and maintenance immunosuppression
with tacrolimus, mycophenolate mofetil, and glucocorticoids. Despite this potent
immunosuppressive regimen, five patients (19%) had an acute rejection episode.

All the patients had CD4 T-cell counts of more than 200 per cubic millimeter at the time of
transplantation. The marked decrease in CD4 T-cell levels during the first year after
transplantation was probably related to induction therapy with anti—T-cell antibody; this
hypothesis is supported by the fact that all the patients had an increase in the CD4 T-cell
count after the first year. Opportunistic infection remains a major cause of complications and
death in patients who have received a transplant.28 Surprisingly few opportunistic infections
were documented during the first year of follow-up, when CD4 T-cell counts were at their
lowest. We do not report here on the outcome of two different HIV strains in the recipient,
because viral sequencing was not available from the start of the study.

In conclusion, our study showed that kidneys from HIV-positive deceased donors can be
transplanted into carefully selected HIV-positive recipients, with the expectation that the
outcome would be similar to that observed in kidney-transplantation programs involving
high-risk patients without HIV infection.
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Figure 1. Graft and Patient Survival among 27 Human Immunodeficiency Virus (HIV)-Positive

Patients Who Received Kidney Transplants from HIV-Positive Donors

Data on graft survival were censored (tick marks) at the time of the patient’s death. The
analysis of graft survival followed individual kidney transplants until graft failure occurred.

If a patient died with a functioning graft, the calculation was done as if the graft had

survived.
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Table 1

Characteristics of HIV-Positive Kidney-Transplant Recipients at Baseline.”

Characteristic Patients (N = 27)
Age — yr
Median 41
Interquartile range 39-43
Male sex — no. (%) 15 (56)

Race — no (%) t

Black 26 (96)

Mixed race 1(4)

Cause of chronic kidney disease — no. (%)

Hypertension 1(4)
Membranous glomerulonephritis 1(4)
Biopsy-confirmed HIV-associated nephropathy 5(19)
Presumed HIV-associated nephropathy 20 (74)

CD4 T-cell count — cells/mm3

Median 288
Interquartile range 236-511
Positive for hepatitis B surface antigen — no. (%) 3(11)

ART regimen — no. (%)

Protease inhibitor—based therapy 11 (41)

NNRTI-based therapy 16 (59)

Antibody induction therapy’t

ATG

No. of patients (%) 10 (37)

Cumulative dose — mg

Median 475

Interquartile range 400-750

Thymoglobuline

No. of patients (%) 17 (63)

Cumulative dose — mg

Median 600

Interquartile range 450-1000

*

ART denotes antiretroviral therapy, HIV human immunodeficiency virus, and NNRTI nonnucleoside reverse-transcriptase inhibitor.
#

Race was self-reported.

’tAntibody induction therapy was performed with the use of rabbit antithymocyte globulin (ATG [Fresenius] or Thymoglobuline [Sanofi]).
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Table 2
Rejection Episodes after Transplantation.
Time from Transplantation to Rejection Episode Treatment Outcome
Medication or Other Treatment Total Dose
Patient 5
2yr Methylprednisolone 2000 mg Functioning graft
3yr3mo ATG 700 mg Functioning graft
Patient 7
lyr7mo Methylprednisolone 2000 mg Functioning graft
2yr3mo Methylprednisolone 2000 mg Graft failure
Patient 9
4 mo Methylprednisolone 2000 mg Functioning graft
2yr9mo Methylprednisolone 2000 mg Functioning graft
Patient 17
1wk Thymoglobuline and plasmapheresis 800 mg Graft failure
Patient 27
1wk Thymoglobuline and plasmapheresis 500 mg Functioning graft
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